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by
Armin J. Hill and O. W. Monson

Department of Irrigation and Drainage

INTRODUCTION

The fast flowiflg Elountain streams, creeks, and rivers, found in
most. sections of I'.iontana, :9y'o-\l-ide numerous opportunities for the installation
of small water pC:Ter plants. Attenpts have been nade to develop ma:.~ of these
pow"er sites, but for one 1'eo.:::on or another uan;;~ have been abandoned. W1th
increasing use of easoline al~ electric power, however, there is an increased
:!.nterest in these sources of power supply, pal~ticularly in those localities
where the building of elect:cic poneI' lines viill not be practical.

Small water power installations, when properly developGd, can be
very satisfactory, and many have given good sel"'Vice for long periods of t:Llle.·
Such installations are real assets, and Hell worth the necessary tille, effort,
and expense. However, the design and installation of a successful plant is
not always an easy task. If it is not car8fully planned it cam10t be e}~ected

to give satisfactory results. If oakeshift. equipment i.s used J or if e'1ui.pment
is irnproperly or carelessly installed, there is a good possibility that the
development will be a disappointment, if not a complete failure. Most of the
plants which have been onl:r partially successful, or which have been aba..n.doned
entirely, have had one or more of the following faults: (1) the water power
available in the stre~~ ~as not sufficient; (2) the plant wasted too much of
the available ~ower; (3) power was not dependable because Ca) the water supply
became inadequate during low water seasons, or (b) because the plant did not
operate satisfactorily; (4) the equipment wore out before it had paid for
itself; or (5) the equipment was damaged or put out of comnussion by floods
or other unusual conditions.

A careful preliminary survey is necessary to determine whether or
not the plant will develop enouGh power to be economically worth while. A
comparison vlith other forms of power supply must be nade in order that the
least expensive kind yvill 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 'eime is
invested. In this way satisfactory results from any effort or investment
will be aSsured. Careful design and installation will l·:eep 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 dOlim by:
(1) ju?icious use of. homemade (but not makeshift) equipment; (2) proper .
select~on of power s~te, type of equipment used, method of power transmission,
etc.; and (3) effective use of favorable natural conditions.

Information given here is intended to be helpful in the proper
design, selection, and installation of small water power equipment. Directions
and specifications ar? included for tho construction of some types of daras
and water controls wh~ch are practical for usc with water power plants.
Information is also included on the installation of small hydro-electric
plants, as these provide onc of the best methods of harnessing vmter power for I
genol~al farm uso. Ii:. is hoped 'Ghat tins iJ""lJormation will assist in the

I
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rehabilitation of many pOY:icr sites nOli e.b'lndoned or not operating satisfac­
torily, and that it will also help in the developmerrt of new· sites in those
locations vl"hore such devclo',)ncnt is economically practicable.

PART 1. PLAIIINIUG A SHALL WAT~R POWER PLANT

The ir1portance of cQrefully made, complete prelirlUl1ary plans cannot
bo over-emphasizod. All factors must be given proper consideration if the
installation is to be successful. lJaqy of these factors arc technical in
ne.turc, and therefore, if possible, it is well to consult an engineer or
othcr person exporienced in the installation of YRlter power equipment.
lfu.nufacturcrs of ,iat8r povre;." cc~uipment oft.;:m have engineers available, and
ar,::o usually TrillinG to give 2,S much assistance as they can. Other reliable
sources of infor!:lation and help should <.:.180 be used to the fuJ~est extent.

Planning is bost done in two stepe.
should bo made to dote~~ne tho feasibility of
should anffi7er the folloTdng questions:

First, a. prclilILnary survey
the project. This survey

1. How much water' power is available? Is thore enough to make
a development worth w11ilo? Will it be dependable or Tdll
it be necessarJr to provide for daily or seasonal fluctuations
of suppl~r or of demand for the pm"mr? How nill very dry
seasons affect these considerations?

2. Hoyr much power is naodad? Will tho Tm.ter .::.vailable satisfy
the power deme~ds of thefnrmstcad, or will it be necessary
to havo auxiliary power for lJ.;'\rt or all of tho time? HoW'
can the power be used so that it will be of greatest sCr\Qce?

3. Will tho Q,'qJonse of the installation be rmrth while? Will
construction of the plant provide a north while "fay of using
lIsparel1 time? Can nower be secured more cheaplv in some
other nk~nner. Is thoro a probability that thls~ installation
will rep2.Y the invGstment in Ilk.:.tcrials and labor, and do so
.vithin a reasonable period of time?

Second, if tho results of this survey show that the project is feas­
ible, detailed designs and plans should be a~do as folloTIs:

1. SUrvey the site, locating power house, dams, canals,
tailrace, etc.

2. Select the typo of vmtor iihccl r,hich vdll bo the most
slJ.tisfnctory.

3. Decide on the ~ost s~it~blc method of pOTIer transmission.

4. D?sisn the dCl.O, tho wheel and tho power house, dr<:l;W a
dl~.,:;r:u:~ of all 'Jlcctric trC'..nsmssion and buildin<::" i'!iring
or i {' -' ~_.l- , • --- • "" h "',--'- ,",-, ;.;c ... (:rl" '.; ]S USCG, s:~c-r,cn t e 2.rrD.1lg'cm.cnt of all
dl~i·v·-:~~;. ,:~r;.:.ipnlc:.'~tj ~·;~-l.; Sh2.fts, ~~.>~lts, gGL~rS, etc. PIL:ll
~ll t)i-,~~·- __~T p(:'rtir~~'T:~- -~lc·t::.ils c:·_~,~i~':J.llJr ~nd m.."'Uco nn cst:i.rnc.....te
of Li-p~~ ·':~0t....:1.1 cost".
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5. ChecL ~ll plt'.l1s to seo that no error h<1s beon ffic:-:.d:. If .
the project looks good lion p~pcrll, a roal stnrt wlll
h~vG boen made toward securing a satisfactory installation.

The Preliminary Survey

Determining the Po~er P~railable:

I
1,

In case the availa.ble power is desired in terms of kilov.ratts instead i
~of horsepower, one horseyowcr is equal to approximately three-fourths of a !

kilowatt. Therefore, theoretical pow'er available in ldlowatts is about three- ~
fourths that in terms of horsepower. Since some power will be lost in \
generation of electl'ical energy (which is usually considerod when the term' ~

llkilowatt ll is used), the number of kilowatts available from a development can
usually be t~<en at about half the nlunbcr of horsepower deteniuned according
to the above rules.

The ~nount of power available for development depends upon two
factors: (1) the llhead"; which is the total alnoUo.'1.t of fall available
(usually mea~ured in feet), and (2) the normal rate of flow, which is usually
Tileasured in cubic feet pSr' second (ll second-feet ll ). A rate of flovi of one
second-foot luth a head of ten feet. will theoretically develop approximately
one horsepov,er.~~ This gives a rule of thumb method for ma.king a quick estimate
of the power available: hID.ltiply 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-fourt:'ls this value, depending upon the
efficiency of equipment used. If the ve10c:i.ty of the stream in 'feet per
second is known, the equivalent head in feet can be found from t'able 3 in
appendix II.

Tables for ~~ing closer estimates of the power which can be
delivered in useful form, when the head and rate of flow are knOYfIl, are Given
in appendix II. In case this power will be inadequate, an incrc2.se in the
aruount of power available lnay be obtained by: (1) creating a pond which vdll
store 'water through periods of light pm1cr deLund to supply additional flow
vmen the demand is heav;:r, (2) incroasing the hea.d by (a) building a hie-her
dam, or (b) by diverting water farther upstrewn, and (3) decreasing losses
and rtasted vvater by more c~reful design and construction of canals, flumes,
and other equipment. One or narc of these methods must be used to iB~rovc

or rehabilitate e;d.sting power ::;J1ants in order to incr':;.J,se their output.

*Actually the theoretical ~owcr available froiu ton fect-socond-feet is
1.135 horsepower. However, since the nI:10unt which will be lost in develor.r­
ncnt is very hard to est.iP..atc, this 1".1.10 of thunb is clvse enough for thi~
purilosc • In c:u~a the flo17 in !lontn.r~ nu.:1r.r's i:1chcs is !~m·m, this should
ix ~ividcd b: IfoO to obtain the i'loif in s~cond.-f,:(~t.

I
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Before the head can be est~nated it is necessary to determine the
probable location of the power plant, to decide -what Idnd of dam which vlill
be used, aDd to select it~ approl:i8ate location. It may ~e possible to.
secure 2-n 2.mple flOTT of water by means of a simple diverSlon dam some dis­
tance uDstream. This will necessitate a long canal in most cases, and may
require" e:~;}(msive flu.r:Ling. Instead· of this arrangement , it may be possible
to have a 11igher darn near the plant. A dam of this t;ype will be more expen­
sive than a diversion dam, but less canal and flume will be necessary. Also,
there 1vill be the actvcmtage of having a pond which will I:1ake possible better
control of the flow of water to the plant. This often ~~es possible, in
turn, the use of larger capacit;? equ.ipment, and the pond may help materially
during periods of low ~~ter flow.

B1 considering a storage pond, it is usually not wise to provide
for more than daily or weekly fluctuations in water level. Seasonal storage
vull require a more expensive dam and a larger storage area. These may be
valuable for other than power purposes, however.

After the water level at the drum has been determined, the point
dov'ffistream where the plant probably ..rill be located should be decided upon.
The vertical distance between the surf~ce of the water back of the dam, and
the surfa.ce of· the stream. at the plant site will be the total head available
(see figure 1). An engineer1s level, or for short horizontal distances a
calApenter1 s level, can be used to determine tJ1..is height.

If a velocity meter is 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 tL~e it t~{es 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 strea.r;lS (usually. calculated in terms
of feet per second).

The rate of flow should be determined fo~ all s~asons of the year.
It is particularly important that the least flow which ordinarily can be
expected be determined, for this vdll become a limiting factor in planning
uses to wilich the power will be put. This low flow must provide sufficient
power to operate any equirArrent which ruay be usod at that season of year
during"which it occurs. Otherwise an amci.liar,r power supply will be nec­
essary_ Possible·flood conditions should also be anticipated and considered
so that provision can be made to prevent d8.lllage to the plant- during flood
seasons. If a pond or other storage reservoir is to be used, it will be
well to h.llowalso the total run-off for the year. Often it may be desirable
to make a survey of the entire drainago basin of the stream to make sure
th~t ~ufficient ~~tor will be available. Too much stress cannot be given
this lffiportant point, for one of the prima.ry causes of disapnointment vdth
small water power plants is their failure to provide adcquat~ power through­
out the year.



FIGURE l. MEASUREMENT OF HEAD

FIGu'Pw"S 2. MEASURII~G VELOCITY OF A STREAtI
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The most satisfactory method to obtain this data is to in~tall
some form of a weir i!"'! the stream. This will make possible the tc:Jan¥ of
readings over a long period of t~ne, ~nd such readings are ess:ntlallf com­
plete information on the strearrL flow 1S to be secured•. If only a ro~gh .
estimate of the flow is desired, however, and the veloclty at any pOlnt lS
laJo~n, it is merely necessar,y to determine the cross-sectional s:ea,of the
stream at that point o If this is found in square feet, and multlplied 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 strea8 at uniformly spaced points across the stream, ,
averaging these, and multiplying b~T the width of the stream at that pOlnt.

PlanninF, for Use of Power:

If a power plant is to be successful, it must be nble to supply
power for some useful purpose 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 weD... In any case, the limita.tions 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 pow'er is to be put be carefull;y- plalmed in advance. Some
contemplated used may have to be abandoned. Provision rna.V haye to be I;ade to
secure additional p0i'Ter, or means may have :to be provided to supply auxiliary
power. All of these factors should be considered before the plant is built,
rather thim afterr"ffird, for in this W"o.Y a well balanced farm power unit can be
developed.

Water power il1stallations, from the ver,y smallest to the largest,
can be used for pwnping water for the household or for irrigation. Very SI1Jall
water wheels can drive small direct cOlmected pumps to deliver necessary water
for household use, while large irrigation pumps require several horsepower,' or
even several hundred in some cases. Wheels ,~lich will deliver less than one­
half horsepower will not be very, practical except for driving snmll water
pumps, grindstones, smn.ll miJ~s, or they nmy be connected to drive a small
generator, and in conjunction with D. storage battery furnish a few lights and
power for a radio. Large!' P0l'Tel' outputs c:-\n readily be put to 1l1D,ny types of
uses around the farmsteqd, particularly when electrical transmission is used
to'deliver the'power where it can be used 'Ghe most conveniently (soe figures
10, 11 and 12).

Considerations in Estimnting the Cost of ~ w~ter Power Installation:

E.!.ch development has so many individu<:"l probleos and conditions that
it is necessary to have plans for a specific project fairly complete before
~ny estimnte of probable cost can be made. A rough preliminary estimate
should be made, llowever, in order that the feasibility of the project can be
deterrnined before too ~lch tinle is s~ent on the final ~lal1s. Costs of
individual items, and of the total installation, majr v~ry between wide limits
for diffe~ent install~tions, depending on:
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V[~ether corr~~rcial or homemade equipment is used.

~fuether or not spare time labor is available. (A project
of tllis nature may provide a valuable use for spare time.)

3. Available head, type of darrL, preparation necessary for
storage area, length of canal required, tTpe of water
wheel or -turbine which vdll 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 vdth small vvater power plants. Any of the following items~
enter into the cost of a complete installation, and should be given proper
consideration:

1 .. Darn, spillway, headgates, etc.

2. Canal, flumes, penstock, etc.

3. Control valves or gates, 1-reed rack, etc •..

4. Tailrace.

5. Water wheel or turbine, vuth suitable mounting, bearings, etc.

6. Governor.

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

8. Generator, line·· shaft, or other means of power transmission.
If electrical transmission is used there may be the follow­
ing to consider.

a. BatteIJr, switchboard, meters, regulator,
transmission line to buildinas Doleso , .[ ,

c:oss~arms, insulators," line ",qire, guy
vares, anchors, grounds, etc.

b. Wiring in houses and outbuildings.

c. Meters, electric appliances, and lighting
fixtures.

9. Driven equipment such as IJ1U'lpS, grinders, mills, etc.

)
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~

i
!
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10c A suitable b1_'-ilding to house the water wheel, and generating
01' transmissio!1 equipment e
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-Loc<.'..tion of the Power Site

In making the prelirnina.r;y- survey, a probable location for the
power site has been selected. 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 be
possible only if the 'wheel can be located very near the farm buildings. If
electrical transmission is used, largervdre and higher voltages .vill be
required to transmit power any distance. Thus if a site vdth a satisfactoFf
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 of Wa.ter V'Jheel

Power can be developed from low heads if a large quantity of water
is available. The r-dgher 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 tlow, different types of wheels are needed.
:he four general types which have been found to be practical for small power
lnstallations are: (1) the undershot, or current Wheel; (2) the overshot
wheel; (3) the turbine) and (4) the impulse (pelton) wheel. "YVh.eels are
designed to operate under heads and ~ith speeds which approximate those
indicated below:

Total head

0.5 ft. to 4 ft.
, ,

3 ft. to 30 ft.

3 ft. to 80 ft.

Type of wheel

Current wheel

Overshot 'wheel

Turbines

Speed in R.P.M.*

0.2 to 20 rpm

5 to 40 rpm

100 to 3000 rpm

15 ft. to 1000 ft.
--------------

Impulse nheel 100 to 3500 rpm______~ L__

*Revolutions per minute

'T'h:-.se- ,,,h('>~.l,~ " .... n b'" 0"'-----':- "d ...Atll v"ry low h d Th :f • l-"-'- - ';"---'~---' ~-,,-. "" 1':';· ~."'--'''''' e ea s. .' ey are a:r.r y
useful ;:01' pUl71ping 0:"-' raising water ,'lith attached buckets with slow' speed
DWrn'",C" ,,,-,,<- !-'"'T''' """"l, ,·,1..,,-, 5-,""\('-,4"" ~"-._-l- f- 11Cy are v , . ~:f t·
i: ·'r"', ----- .,,",,,'J ~-,-.-.- -~,--".. lJ-~'-'~ ~.-\'"'" "'. e ,; pOOl or genera ~ng

e1cctri C2. t.y or for Q;~j ving other h:!.:rh speed equipment.
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Advantages: 1. May be quite easily homemade.

2. Usable on verJ low heads.

3. Require a ver,y simple approach and tailrace.

Disadvantages! 1. Very slow speed.

2. Variable speed with variable load.

3. Tendency to freeze in winter.

4. Heavy and unwieldy.

5e Ver,y low efficiency.

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

Overshot V/heels (see cover illustration):

These are good all-purpose wheels ·for small pOVler 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. Fairly high efficiency under wide ranges
of load and discharge.

2. Can be homemade quite easily.

3. Maintenance and repair is comparatively simple.

Disadvantages: 1.

2.

3.

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.

Ofton the large size necessary nuU~es

prnper ~ousing difficult.

Diff;~',lt to eovern" speed closely if this
shOi."~l be necessary.

Usu~l}lv reauires considerable headrace
fll::::.:.::;'. h~st be clear of tail water at
all times or efficiency decreases sharply.

I
I

\
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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
tana State College, using a saw mandrel and buckets cast in the
college foundry. Water enters through the pipe which carries
tb" pressure gage. t he nozzle being under the wheel at the right.
:. ~;ght housing h,; p!:tC'ed over the wheel during the operation.

j

I
J
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~Qrbines (see figures 3 and 6):

I
I

!
I,,
1
i,
•
J

l.

5. Entire unit can be self-contained and verJ-~

compact.

1. Good efficiency under varying load conditions.

J. Little danger from freezing.

2. High speed, often ~~ng possible a direct
drive to generato!'.

4. Can use a governor effectively.

Advantages:

Turbines are of [,\-w general types: the reaction, using a Francis
runner; and tIle propeller, using a screw blade. Both work satisfactorily,
but in p'eneral the propeller type ·will Yvork better for low heads (3 feet to
12 feet). The propeller tYiJe gives a little faster speed, which often ma~es
possible a direct drive to the generator where a belt Qr gear drive would be
required with a Francis type of ru.nner. Use of the screw blade l<Jalces possi­
ble a lighter, and therefore a slightly less expensive, turbine. However,
it does not, in general) have the ruggedness of the reaction tJrpe, 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 ~~ll advise which is the best for any particular installation.

Disadvantages: 1. Cnn110t :)e hom.emade easily.

2. CO.r.l.paratively expensive.

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

Impulse Vfueels (see figure 5):

These are usually used for high heads ·where most of the energy vdll
be in kinetic form. They must be carefully made to in,sure good efficiency,
so homemade types are not recommended. Governing is accomplished- by means of
a needle valve in the nozzle. They are much smaller, and lighter J for a
given 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 difference there might other-dise be in their
cost.

\
\
i

AdYantagcs: 1. Good efficiency when properly installed vdth
high heads.

High speed ~~GS direct drive of generator
possible o

COJilparativel;:r small quantities of .vater needed. I
I
i
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Disadvantages: 1. Cannot be homemade easily.

2. Require an accurate nozzle and carefully
made cups.

3. Require carefully designed penstock, making
total installation a~ensive for small sizes.

4. 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
ydll vary with the head, power output, style, and many other factors. It is
suggested that quotations be secured from the manufacturer on the type and
style of wheel best suited for the installation contemplated.

Methods of rowel" Transmission

Electrical transmission of power has become so common that the
possibilities of direct drives from water wheels are often overlooked.
Direct drives ~liminate energy losses through a generator, transroission line,
and motor, a..'1d if they do not require complicated gearing or line shafts,
often make possible the use of very small povfer outputs which cannot be
developed economically in any other way.

\,
I
I
!

t
!
!
I I

I
!
j

!
t

Perhaps the most common use for a direct drive is for puruping 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 continuous
chain, also work well when driven from slow speed current or overshot wheels,
but are ver.r low in efficiency. Reciprocating p~~ps connected by means of a
craP.k or through a draft "wire also work Y:Tell with these wheels. Centrifugal
or Lrnpeller type pumps should be driven from turbines or L~pulse ~neels, for
it is difficult to obtain the high speed necessary to drive these pumps from
slow speed "lim.ter '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 rvheel can be used through some
sLmple, convenient type of direct drive, however, electrical transmission is
rec01l1l!lended, as it makes possible the use of power at any convenient point
around the farmstead, and to a" greater extent, at any convenient time. SeJ!li­
portable equipment can be used~ such as vacuum cleaners, farm motors, etc.,
ane;. it is also l:..ossible to use this form of energy directly in the form of
he?t or light.

Vfuils slow speed current and overshot wheels are ver,y satisfacto~J

for use with direct drives, they are poorly adapted for driving electric gen­
erators. Speciill 6ears or belts will always be necessary to increase the
speed to a point ~~ere a gener~tor 1~11l operate satisfactorily. V-belts and
sDecial tread leather belts arG very efficient for this purpose, but are much

\
\
I
I

I
I','
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more expensive than crdinarv belting. Gears and chain drives are also ver;{ i
efficient, but liker:"i~e are~ Quite e~~pensive. With overshot wheels a sinJle I".:

jack sh:lft will usuallJ give ~satisfactory results. Current -!,'Theels may require ~
a second shaft, thouGh usually their speed is too slow to Tilal~e a drive to an 1,1

electric generator practical. Tnrbines can often be direct-connected, or at
most need but a single set of gears or a belt. Impulse ...v-heels are usually i

iconnected directly to the electric generator. 1

I
I
J

I
j

Electrical energy lnay be gener~ted-and transrnitted as either alter­
nating current (A.C): or 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 8J"'Cpensive governor on
turbines and impulse wheels, and makes it impracticz..l to supply alternating
current from overshot or currentwhoels. On the other hand, direct current
generators are cow~aratively sio~le, and can be easily controlled. Proper
design'makes possible a constant voltage supply under widely varying driving
speeds, and this ~ces a governor unnecessary. These forms of energy will
usually be available in different voltages as listed below:

12Q-125v.
D.C.

(2 mre)

35-38 v.
D.C.

(2 wire)

UVoltage . Volta""G at, , i/··
at plant buildings; Advantages : Disadvantages'I

.~ -----._._-----_. ~._---:--------:--------'-

8 v. 6 v. ; Generators easily obtain- : Verjr low capacity.
-'or or ~ able from old automobiles. . Requires large trans-

16 v. 12 v. : Standard car batteI"J used. : mission wires. :
__D~~ -p'~C~__lRe§oi~_~"~1~~ii,.-k9.ij?t!i.i~~-s·o[le~-s~~1iil·6(C:!.~~,-·~apac{ti:·'"~

. : Can be used with storage Reqnires special lamp bulbs
30-35 v. :batter,y. Generating and . and appliances. Requires

D.C. : control equipment is low : large wires and can..."1ot be .
:i!t. ~.~I1Jl?flXC1-tJ.Y~••q,9.$1~ __ " • ~_ J._:r:C1-p.qi~.~t~f:l ~Y.6.r:r. .:t'§l..:r:! _ __ .
:Rec~mnended for nlants fro~ 0.5 IDN. to 1.5 l~. size. ;

--~May-·use-standardlarnp-- -·-----:t-ieeds special motors and ----:
1l0-120v. :bulbs and smaller heating ; radio sets. . Cannot be used J

D.C. :appliances. B.::.ttery ma;r : lvith transformers. Not
:be used, but is too expen- ; practical for capacities of
:sive to be. recommended. : more than about 2 kw. i
:Recon,mel-icted -for-i;iants -"af' r 'lIT;: -~n~1-2-iCv~: --c~l;a-citi -. -._- --, - I
:where tranmlussion distances are not over 500 feet. \

----;nay use standard larllp ----'-:--Needs special motors and -, I
125-250v. 120-240v. ;bulbs and heating appli- ; radio sets designed for \

D.C. D.C. :ances. Uses comparativelv : this type of power suuul'r. 'I
(3 wire) :inexpensive generating < : Cannot be used with ~~ll

I
:equipm.ent which does not : transformers for toy trains, '\1'
:require a Governor. : door bells etc.

,·-·--------------:St.-a..-1da-rd 'i'--lPrly;Tl1-Gl~e.to-re"-;Generatliig:.Leauipment is
l -I ,,~ .., 'in~ 1 20' .-. J •-, • 1 • . '. l.. Ii _--:.,'-_~_\_.V". - -~_,:.·v. :ap!)_J.ances and eoulPment : relatlvely expenSlve. .

"

. ;..•. G. i-•• C. :easi1;'r obi:.o.inabl;•. May be : Requires use of a sensitive
: ') ~~ ~ ·t""al1sf',,"'~ 4 d t ' .
... ..:. : -' -' : v~ • ~ - u~ ;"",,~ an rans- : and therefore relativel;'{

!I vn_r-e) :n~~~.t:<:i. ,1\.?Hg·.~?t.C!1).~.~?_ •. '. __ .• ' ~_~~~~nsive governor.
1 :RccoIT',mc:-~~?d for lar€;er plants (5 !:;;: "~r ;,;,;;;;,;)'·~nd·.f~;'---'--

:plants 1_'-;,:Lch will supply more them one farmstead •
.__._---------_._--------------~

f
i i
i 1
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Survey and Desi~n~ For. Complete, Plaht

The map.. and plans need not be elaborate, but they should ?e com­
plete in all details. Too much i.T'~ormation is better than not enough. In
general, the finished plans should include:

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

2. A cross-section of the dam and spill\vay, with other con­
struction data.

3. Plans of head race or l)enstock, shoHing trash' rack, water
controls, and similar features (see figure 6).

4. Plans of the water wheel or turbine installation, showinrr
8.ounting, delivery- of water to the 1';11eol, governor control,
and other details.

5. Diagram of wiring system cOIn.;..)lete for each building, similar
to the pl8.J."l shown in figure 7, sho....dng location of all out­
lets, branch circuits, etc.

6. A plan of the farmstead showing all distr~1ces to and bet~een

buildings.

Cheoking Finished Plans

If it has not been possible to consult an engineer in maldng the
preli..rninary survey and plans, one should be engaged to check over the finished
plans and make criticiSffis and any changes which !:lay 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 nmke an intelligent suggestion as to
type and size of vmeel or turbine necessary. In addition to these plans, it
will be well to include the following data when roque.sting information from
a water vmeel manufacturer: ,

I
'I

1. Measurement of head and description of how it was ttlken. ,

2. Measurement of max:i..m1.un and minimum volume of flow with
dimensions of weir or ether infornmtion on how measure­
ment vms l:12.de.

30 List of uses to vnLich power will be put.

4. IYl.forn:::tion concerl-,i ng any vmtcr power equipment which
m:....~r PC: on hDnd.

5. An~T othel~ informticn which may be useful.
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FIGURE 6. A DEVELOpm POYVER SITE
SHmn:NG RELA1IONSHIP OF VARIOUS PARTS
OF A HYDRO-ELECTRIC INSTALLATIDN

WIRING SYMBOLS

.t1 CEILING LIGHT
OUTLET

Pet.( CEILING LIGHT OUT­
LET WITH PULL CORD

t:=::Ja WALL LIGHT WITH
CONVENIENCE OUTLET

t=e CONVENIENCE OUTLET

1::::8 HEAVY DUTY OUTLET

~ ONE WAY SWITCH

S~ THREE WAY SWITCH

sa SERVICE ENTRANCE
Ba EQUIPMENT

FIGURE 7. A HOUSE WIRING PLAN

This need not i!lclude a wiring diagram, but
should show the location of all outlets,
fixtures, SV;-:L tchGs, and other equipmont which
1'-.'ill be ~8rman(mtly attached to the wiring
system.
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DAMS AND ~iJATER CONTROLS

A danl, in Bast cases, is not needed for ~ current vnleel, since
control is effected by raising or lowering the wheel to conform to the level
of the water in the stre~. In other cases, when the wheel is installed in
a flume, cOntrol is accomplished by means of a low diversion daD, built of
loose rock, or by a nUInber of piles driven into the stream bed to which aI, heavy plank may be nailed.

I

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

There are two main p~~poses for vA1ich dams are usually constructed:
first, for the impounding or storage of ,vater, 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 alwa3rs involves raising of the water surface to a con­
siderable height. To viithstand pressure, the darn must be secure~- anchored
to its foundation to prevent sliding downstream due to the pressure from
the water impo~!ded 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
fill or of masonFf. In either case the same fundamental principles concern-
ing the prossure of water Bust be followed,

For small water power installations a dam of great height viLll
probably not be needed, and therefore should not be difficult of construction
by any farmer. Simple directions for the preparation of dam sites a..""1d'the
construction of small dams are given in Montana EJctension Bulletin 180.

At times diversion dams also may have to withstand heavy pressure,
since it may become necessa~J to raise the water surface a considerable dis­
tance to get the stream out of its deep channel. -In diverting 1vater fronl
a stream, often only a part of the flow is needed, especially during high
water. To allow this excess VIater to floVl dorm thG creek without w'ashing
out or othori';Tise endangering the d<lrn., tho "overflow" typo of dam is needed
in 17hich the spillway is built into and becomes a part of the dam itself.
Diversion dnr.LS of this type may be built of reinforced concrete, but these
are generally too costly for f~rm construction, SO st~ucturcs are suggested
which can be built of local mteri.:tls mId at 0. lower cost.

I,
~

I
i
I
;j

One of the simplost of these is the rod: t'.nd brush dam. An illus­
tr~tion is give!l in figure G. It should be constructed ~ith sufficient
-::c::",-.';:', ':-_Tl~ riz~/:_~~· t;, "Iithst"'.:'c; the ~r;:;ssurc and th,~ c:rosivc 2.etion of the
-,--..- -~~ Th-::, i'c::..:.;·r'c:;:,jon should !,h.::tdn :'wll below th~ strc:aLl bed <md in firm
Ll;'_·~?'-.l-l{~l. Tl~c 1·.:... :.... 2"' f~cc of :.::: -;1~-n should be built up ~'iith Ulycrs of
;':~- _t_ -';~iEht,':6 ','_": ':!it~1 roc!: ,-...n:;' ;;:?ch successive l;:>.ycr of brush should be
:->" .. ;".,ei. ;r"~L ~L. ~ :':.:;.vic'..t.s c :""_:: :-:. the ratio of :::!.bout two to onc; th..:~t in
}.,.-, ".',,-,';' h!1'!"''''''''"'" -,1 t~nr' , ;, ""<-,:)t-. of rJ..·se" Th·c ",.,':;n borhvr of tIl" ~ ...~ 1.'S '_. .J •• ---.. • ~.-__ ;. ~ ... ...., _ ....""'-'-L ~ v 'UI:..!J,l1

"'_':!:'-';.. !';.JCt,.-:.:; c; ,..•,-~L fill ;;:,::":::, too, should begin nell below the strc~

~ _.:. .::', ~, :fi~'::~ E" ·:~:':':,,:ion. T;-':- ,"'nels of the dc;.l should be built three or four
"'-'~t 'r!.. 'j-h'':;2' ,--;,"_" i..,i,,; spill,':", .,~·ction, .:>.nd the sides of this spill,."'W should
il<; ;;l'G Lee Ld '::~. ~',:-; ~':;:'uo~l::_nj :-. >::!: securely ~ncl1Grcd into the c.:.rtl1 fill.

I
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(A) CONCRETE CHECK WALL
, '

(En BRUSH AND ROCK DAM

__TW Of" .""
/t~En

_"U••LE 1I.U"'"Y 5tW:LL,'I'N. TNICl(

,DlIIT ANO ITIIII tOIlE
COlllPLET£ IIIl£S W,TN 1II/'IIAP

./".

(C) RUBBLE MASONRY SPlU,.WAY

(D) FLUME CONSTRUCTION

"- _. -'------:--

<n WOOD HEAD GATE

FIGURE 8. c:nHSTRUCTION OF DAMS, FLUMES, AND HEADGATES



Another tyue of dam w'nich may also be constructed from local
materials is a II rougl-L rubble Iuasonryll type, su?h as is shovm. in fig~e ~.
This daEl consists of a face of solid masonry vuth an earth flll behlnd It
of such dL~ensions and weight as to resist the pressure of the water. At
the foot of the dam a rock apron is built, upon ~nich 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 channel 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 ''Jatar is prevented by the earth
fill, and the masonry is used pri.luarily for the spillvray, which is part of
the dam itself.

Timber cribs filled with reck and backed VIi..th an earth fill may
also be used for diverting water into a power flume. If the lift is nOt
great--say not over four or five feet--a wooden diversion dam fiEy be-used
with safety and the water level controlled by means of flash boards or a
headgate.

There are as many Vofa...VS of building dams as there are locations for
them, and the farmer can adapt the design to fit the conditions 'which are
present, !~eeping in mind alvmys that the flU1damental principles governing
pressure and water erosion must be followed if failure is to be avoided.

To convey the water from the reservoir or diversion daEl to the
'water vlheel, a canal or flume must be constructed of ample capacity to ca.rry
the maximum floW' needed for the oDoration of tho olant. Since a constant

~ .
flow is usually desired in the canal, a hcadgate <l1'1d wastewny must be in-
stalled at the intllice to provide complete and constant control ovor the
vvater floYling over the wheel. The undcrflO'vr t;Jrpe of headgnte is best suited'
for this purpose. The floVI is regulated by raising or 10Vloring the hoadgate.
In front of the headgC1te a trnsh rack should be built to prevent entrance of
rubbish which lnight clog the water wheel.

The hcadgate should be securely anchored into the bQ.ru<s as shOVln
in figure 8, to prevent all flow of water around the ends. 'If wooden struc­
tures nre used, the wood should be given a coat of creosote or other
protective 1lU'.teri;al to prevo~t rapid deterioration. It is a good plnn, nlso,
to use hcaV'1 dimensioned Irultcrial, since this will I.1."'.kc ['. more substantial
gate and decay will progress more slowly. Reinforced concrete ~ith wooden
headboc.rds is highly desiruble T..hcrever this type of construction can be
afforded. All hoad6~tos should be securely anchored and protcctod to Drc-

. t 1 • -'l •vent. :"m. ur ,;,:"~3{ilng arOUri,.. or under them. For long supply ditches a second
:1o::.dgatc ':.'i!_~" be ncccss;".ry ncar the WC1.tc:r wheel or turbine so that tho flov[
C::'.i"! be r':':Elll:~tcd convcni ..-'lltl'! <lnd C'uic1r1 >r

..., "oJ 1 ~\...LJ •
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PART III. CONSTRUCTION AND IHSTALLATION OF HYDRO-ELECTRIC PLANTS

Electricity provides one of the most convenient methods for trans­
mitting the power developed by a small water power plant. It vTill allOVl the
use of appliances and equipment in Elore convenient locations than will other­
wise be possible. It ·will make it possible to operate a larger variety of
appliances and equi,ment, and will therefore 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 transnussion are found in the added
cost of the electrical equipment, and III the additional energy losses wllich
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~ gGars~ belts~ shafting~ etc.~
of the generator drive.

2. Electrical and mechanical losses in the generator.

3. Electrical losses in transmission linGs and wiring.

4. Electrical and mechanical losses in motors and appliances.

Overall hydro-electric efficiencies·,-·which do not ta!~e into account
the last two of these losses, 'will run froJ:! 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 lnaJT 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%.

. Generally speaking, h;rdr6-electric plants Ylhich will not deliver
at least 500 watts (a,proxi~tely one-half horsepower) at all seasons of the
year, ,vill not be worth the investment necessary for their construction.
Very small plants of this t;rpe, driving e.n a.utomobile tJrpe of generator and
using a SEl£1.11 automobile t,ype storage battery, can furnish enough energy for
a fey! li;;r::::; 2.1":c\ 3. rad2:J. Plants which can furnish bet"ween 500 and 1000
···'Ct.ts ~~.~, ~";:':·'ly· enouC~1 n12y'gy for most of the 110c8ssary lights in a small
:£'.::'1'::1 he·;,;-.; ~ ;..::.;-,i :.L'3.7 eve:, ,/:-c:::ate a fow omall aDl)liances. One kilowatt
(1 r0n .. ,,~ ... ~~.~ ,.. ~ "'-1,1 1· N J,,+ ... ;-,,-,".' r." .. ' .:." '" •
\_v_ ...' •...C ••• , ••_~.'" ~l,.:,!,.· .:..·;C~"tj 15 ....lx"tj~r-i'ln.t(, la.'1lDS, or VillI operate n.n elec-
r,ric :Ll'("'E i..·. r:othing els·.:; is ccmnected at the c~ile time. This pOlver will

i _ • , . , ..
<1..1.50 0; .:;:'::"; ~ '::1. ·,;e.snl,;'16' .. ·.:·.2.:U;C, a wnt.:;r pump, and most small 11ou3eho11
~"",'""Il;..,.,.,,,,,""O -.,.,t·.,"';a·n~ ';",-', '·or.' .... " t· ... ' too,"", '" tt (' ·f -l- •_;._.•_.•~. __ L.._. • . ,- ."4. "_'-J. .~!:~_:. ~:._-t, ~~ ..o~ e 111.4io!~ noou ,. v ~.;;a. s ueca.use 0 vrarlS-
illi~'jsiGi i ~.v;j'J~~~~;:;) is COI-~i""!.-...:t..:d at mw one tirne.

1
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STORAGE POND

FIGURE 9. 1WO WAYS OF STORING ENERGY
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FIGURE 10. USES OF ENERGY
FROll A PLANT OF LESS THAN
1 Krro~;ATT CAPACITY

FIGURE 11. ADDITIONAL USES OF
ENF,RGY FROll A PLANT OF FROM
1 TO ) KILO\OIATTS CK?1\ClTI



FARM MOTOR ELECTRIC RANGE.

FEED GRlNDER 'WALK-IN C.OOLER

FIGURE 12. ADDITIONAL USES OF ENERGY FROl~ A 4 TO 5
Kn,miATT PLANT

These lar~~r plants will furnish energy for these and s~.ular

usc~, :"a addition to those shovm in figures 8 and 9.
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Installations which deliver 1,5 kilowatts or less should have a
storage battery, Tbis means that such plants should be of the 32 volt type
or less, for batteries used .vith 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
vdll approximately double the usefulness of an installation. Pond storage
will require a dam, and a suitable reservoir area, of course; but it may
m~ce 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 occasionul replacement., thus adding to operating expense. A
32 volt plc.1.nt V'rill require larger wire for the transmission lines, and
slightly JilOre expensive appliances than will be necessary if the higher
voltage can be used.

Tvvo kilowatts supplied by the generator vr.i..ll oper.:1te up to 1300
\yatts without any difficulty. This means th.::.t almost any household <:"ppli­
ance, even including an electric ironer (nk~nele) can be used. Electric
water heating will be possible if not more than 1500 v~.tts are used in the
heater elements. A refricerator Can <1.1so be installed safel;r on this size
of installation. Small motors can be used ;,round the' f~,rm, and there ,:dll
be plenty of poner for p1.Ul1ping ';'tater 2.nd for liehting.

If nn electric r::.nge is desired, 0.t len.st 3ld.lovm.tts f:tUst be

delivered by the generator. Even this ~nount vull not operate much equi~­
ment in addition to the r~nge if the oven or s8vG1~al of the surface units
are on at one time, Ab~ttery is usuttlly not pr:'.ctic2.1 in connection with
a range, because the large capD.city which would be requir3d would Ilk.".ke its
cost prohibitive.

Five IdloV'mtts will supply most of the ordiTh'lry electriccl. needs
of an average farmstead. This will run a~.J..l feed grinders, silage cutters
and blowers, wood saVlS, milldng mchines, etc., and "rill also furnish i.'JIlple
power for a range and other household applinnces. Such an installo.tion, if
capable of delivering full cap~city at all times, is a very satisfactory one.
Larger installations cost less per unit of power capacity, but unloss there
is a definite demand for the adQitional power, they are not rocommended for
supplying ordino.ry farmstead power deIT~nds. Total costs are higher for the
L.'\rger sized equipment, and the additional cD.pacity·vd.ll not be any great
advantage unless there is a definite demtmd for it.

Detci.ls of Hydro-Electric Phmts

Good quality equipment is necessary to convert the mD.,jor part of
the mechar~cal power derived from ~ wheel or turbine into electricnl anergy.
This equipment is quite e~~pcnsivc, but will peW for itself nk".ny times OVGr
in satisfactory operation.

The Generator:

Generators can usually be purchased complete with full instructions
for their operation and care. A.C. gcner~tors flust have some special pro­
vision far supplying direct current to their field coils, rnd this is usually
done by means of 0. smnll aUY..i.liury Gonerator (c::'.llod an exciter) mounted on
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the ge.-,,·;o;rator 5110.£"" or by mearlS of a special set of windings within the
generator itself. Also, these ~enerators ~~ll require a special governor
on the driving turbine or water wheel to keep their speed constant. In
addition, there vdll be a voltage regulator to raaintain a constant output
voltage. This regulator can be adjusted so that it VoTill maintain a con­
stant voltage at some point near the farm buildings. Thus in ordering a
generator it 1vill be necessary to indicate the distance from the power plant
to the farIi1. buildings and to show the types 9f electric equipment 'which vdll
probably be used in each building.

D.C. generators will probably be Ilcompound ll wound. Generators of
this type can be so regulated that they. will delivcr constant voltage under
a "Tide 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 properljT installed and well maintained. Othervvise
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 theine In some cases it may be necessary to shield them with a
metal or wooden cover. Brushes will have to be replaced occClsionall;r as they
wear dovm and begin to spar!c. Replacarnent brushes should be ordered from the
l:18.nufacturer, although most distributors of electrical supplies also Can fur­
nish them. In ordering brushes, always givo all of the inforrnation on the
generator namo-plate.

The Switchboard:

Usually the mvitchboard will be supplied with the generator. TIlis
board carries switches to control the electrical circuits frmn 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
m~kes 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 con~ected

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 a~~Densive generating equip­
ment. In case they j~eep blowing, and no defect is found in the transmission
lines or in any connected equipment, 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 Ol the water plant, generator, ~~d transmission
system be increased to care for it.

The Battery:

S!n2.11 capacity plants will usually have a battery and this battery
should have good care at all times if it is to give maximum service.' Manu­
facturers give full directions in installation and care of batteries, but a
few of the more in~ortant Jeneral directions are listed as follows:
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IC'~8t2.11 butteri.es in a clean, dry place and in a ','{ell lighted room,
but do not allow direct su.nlight to fallon 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 10'1'1 temperatures
do little damage if the battery is kept "fell charged. The floor should be of
concrete and designed so that it can be kept clean easily.

The charge on the batteries must be -ffoatched closely and not allowed
to get too low. Operation at low charge will quickly damage batteries, and
is one of the primary causes of battery failure. It is well to Jive the
battery an overcharge about once every trm weel~s to completely oy.idize the
SUlphate. At other times judicious use of energy will allow the batter'J 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 ma~e up for losses in the battery). A charge of 2!
amperes for 6 hours 1v.ill 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 nlultipliedby the length of time of
discharge for each 24-hour day. Then about one day every two weeks 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 manLlIacturers l 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 bllrn out. Battery
testers of course are satisfactory.

Good quality batteries, when well taken care of, have been known to
last ten years, or even longer. However, if allowed tO'discharge so that they
lI sulphate ll , of if otherwise not carefully ta.ken care of, they can easily be
ruined in a short time.

Transmission Lines:---
Transmission lines should be built to last indefiniteJ...v. Sloppy

construction will cause excessive line losses, and will never be satisfactor,y.
Wire must be the proper size as indicated in table-4, otheTIqise proper voltage
cannot be delivered. Poles should be good quality, large and straigl1t, and
should be'properly treated vuth creosote or other wood preservative to insure
long life. The line should be run as straight as possible, vd.th all corners
well guyed or braced to substantial steel anchors or "dead menll • Insulators
sr-ould be of ~orcelainJ or pjTeX glass (not ordinar,y glass telephone line
i!1S1.ll2.+ r:':'s) designed f ,:-·r the line voltage 'which is used. Viires should be
ti'3d t.e, "ilC insulatQr'~; aG ShO'l'ffi in figure 13n. If it is necessary to IIdead
cndH

~~:'.:: :':'::c on a 1=-::;::"0, trIO cross-ar:;;s should be used with 'wires fastened as
s\::::'·...,·,>, f:i.£).lre 13c. All line wires can be bare, but all wires leading frar.l
ti;8 "~.:,, lir~e to b~1.:"':':'"'6S should bi; weatherproof covered, and should be
:::;~'.. -', ':' ..: ':,J U:e b"~:' " -H :;gs by neans of pull-knobs or service racks such as
~"l ":.,-,, --'-:, .;:·~;"i.lre 1:),-, '.' .~i fit,"Ure 11.. Short lines ;:laY use service rad;:s instead
:'" --:_--=';"':-.~~"" "J.:':2SC docs not exceed 250 volt~. All wires hung on

... ~ .. ".~:~ .. .:- ;-':~c::s :';-:~·_···.L:..·.,,:, ._0·. ~;.:eath2r:,Jl ..o(j.f co....·cred.
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fAJ F.4sriNING LINE W'RE
To INSULA TO!?

rB) W,RES SlIP~ORT£D FROM
SECONDARY RAe K

(C>METHOD OF 'OEAD-ENDINC"

LiNES ON Two CROSS ARM5

FIGURE 13. tJETAII~ OF TRAlJSrITSSION LINE COnSTRUCTIOp-r

C.-LIGHT

FIGURE 14. DETAILS OF ENTRANCE TO A RESIDENCE

Protection from i i ehtning is obtained by connecting a
~round rod to the neutral line directly below the entran~e.
c
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ThE; sizes of '"Tires which should be used in trc:nsnission lines c~m

be determined f:~om table L~, appendi...-x: IV, 1'I"h1 ch gives the maximum length in
feet for am- of t.:1e COr.'JilOn Hire sizes if an excessive line loss is to be a­
voided. Fo~ inst~nce, if a 3 l(ilowatt plant is to be loc~ted 500 feet from
the fO-rIa buildinG's, No. 2 vdre will have to be used if 120 volts are avail­
able, but No. 8 vdll be satisfactory if the plant supplies 240 volts. (These
sizes would also be satisf~ctory for lines over 600 feet long.)

The advice or help of an experienced line.~n will be invaluable in
the installation of a permanent, satisfactory transLussion line. Such a per­
son will also know how to obtain proper materials, and the added service from
the line will more than offset the cost of his services.

Entr<:J.nces to Buildings:

YIhere the wires enter tb.e buildin[;'s suit;;'..ble "entrc..nces ll must be
installed. These should be either in conduit or in service entrance cable.
SuitQble service heads ~re necessary at the UDDer end of either the conduit
or the cable. Rubber covered vlire ~t leo.st a;~ large as the line "Tire should
extend from this h02.0 far Gnou.:;;h that a drip loop can be made and the vrire
fastened to the incominc line ~~rGs as shovrn in fig~re 14. This conduit or
entrance c8.ble leads directlJT to the entre.nce switch and fuse blocl: inside
the building. One of these s.~_tch0s should be ~laced in each wired building,
and located so that it c~n be opened easily in C~SG of fire.

Types of Wiring:

Interior .virin:; is s~)ccializcd wor~: and should be done b;)T a compe­
tent electrician. Improperly installed wiring offers Qal~~ hazards from fire
and electric shock which c~n be entirely eliLu112ted by proper installation.
All wiring should be done in accord::nce T!ith the regula.tions of the Na.tional
Electric Code, for only in this w~y can all dancer from f~ulty wiring be re­
mo,\red. Also, it has been found that "Code" wiring by a competent electrician
is littlc, if a!1.J-~, more oJ,-pensive than work done by unskilled wor!:ers. Ma­
terials will cost approY~mately the sa~e in either c~se--in fact the electri­
c<.ll contractor can usuG,lly pass on valuable discounts if he puts in tho work-­
and because of his sldll the experienced rdrcr;.l.'ln cc>.n usually wor~ enou.~;·h f<::.st­
or than the uns!:illed worlrer that he filalCOS up :Lor the difference in wage rates.

Three types of nlrinc are gcner~lly used in houses and f2rm build­
ings. Those (lrG: (1) rt!:nob und tubal!, using single rubber covered conductors
mounted on porcelain insulators as shoVITl in figure 15; (2) armored cable, us­
ing trlQ rubber covored conductors inside of 0. flexible steel conduit as shown
in fjEurc 16; :::..nd. (3) non-metal!; c sl1o.?thcd cable. in l'ihich the conductors arc
enclosed in a fibrous outer covcrip~ us shorn1 in fi;~trc 17. In addition, it
is i~';~'33i'01(; to us:: 20nduit or n·c.hin-1'.":\11 tubingn to hold the conductors, al­
~;"'~'.'::~" these nut-hoc!s .:lre [lOra e::pcnsivc unc: therefore not Yddoly used.

;-:00 3uall
s::.:·:: ')f conductor used is vcry L";l?Ort?nt; <?s conductors r;hich

usa 2.11 ~~c()ssivc <:u7!01.Ult of energy, :?ossiblo hO<ltin.::; b2.dly
11~z~rd, ~nd ~lso c~usin~ C~uip3cnt to o~cr~t~ in~fficicntly.



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.

~igure 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.

!!'igure 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
fiui:;hed buildings where
wiring must be "fished"
from outlet to outlet. Wir­
ing in damp I 0 cat ion s
should be lead covered.
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T bl 5 d · IV ,. d~ c' tes tn'e m; lU.I!I'wm "'1.'zes of conductors to use witha e , appcn J..X ,_n-.~ u. u~_. ~

different systwns and for various purposes. Any circuits longer than 40 or
50 feet should use at least one size larger than that indicated.

Outlets and &vitches:

Plenty of convenience outlets should be provided. Wiring regulations
require at least two in the Idtchen, tlining room, living room, or similar room,
~nd ~t le~st one in each hallway and bedroom. At first this llk~y soem too n~ny,

but exporience has shoYnl that more outlets than this arc usually neoded, and
these ~re much more expensive to install singly than at the tiL1e 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 dravm 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 ap?liances, so of course it is necessary to
install ollly a few outlets. However, the above recommendations on number of
outlets should be applied whenever more than 1. 5 Idlowatts are available.

Wall svdtches are very inlport~nt items which are often overlooked
in planning wiring installations. If thoJ' are not provided, it is necessary
to turn lights off by means of a key or pull chain on tho socket or light fix....
turc. Thi s jerks the bulb :::. little, <lnd fi1:1terinlly shortens its life. Will
s'tntches vrill PDY for themselves j!k1.ny times over in the lifetme of nn instc:.l­
lation. In addition, they r.ro so much more convenient thc.t no instnllntion
should be made without then. Three-way and fOUr-li'iny svrltchcs should be in­
stQlled at each of the principal entr~nces to important rooms such ~s :citchen
and living room so thc>.t it is not necessC'..rJ:'" to stumble across a dar!~ room to
find a ~dtch. &'dtches should be provided on l~tchen outlets, and on the
washing mc..chine outlet also. Most snu:.ll ~p::.:>li<'.ncos do not hnvc switches on
thClil, and if they ;:o,.ro turned on and off by inserting 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 good circuit contucts for a long life installation. They should be
used freely throughout the house and in all the outbuildings. Svfitches are
particu~rly required to prevent daoage to contacts and equipment used on low
voltage D.C. systems (6 to 40 volts). Because of the heaVJr currents, these
switches should be the heaviest obtain.:-:.ble and should never be less than 10
ampere capacity.

Protection of Electricol Equi~~cnt

~~o dancers exist in an electric circuit. One is that too much
c~rrcnt vall flow ~long a wire, causing it to heat, or causing contacts to
he2t so much that insulation is d<lmaeed and possibly a fire is started. The
other is that too high a voltage will be impressed on the lines as a result
of lightning or some other cnuse.

Fuses or circuit brecl~ers protect wiring from dnn~ge by too large
<.l. current. They should therefore be of the proper size. Wiring code require­
ments are very specific upon both of these points and Bust be followed-if



APPENDIX 1. SOME DEFINITIONS

To discuss intelligerrGly the principles which govern water wheel
construction and operation, it is necessary to understand the exact meaning
of certain words which are co~~only, 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 vlhich tends to cause an
object to move or to' change its motioIl, 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 which the objoct moves, multiplied by the strength of
the force, gives the amount of work done. Since distance is llsuall? measured
in feet, and force in pounds, work can be measured in IIfoot-poundsll~, one foot­
pound beil1.g the amoUJ.it of work done when a force of one pou..11.d moves an object
one foot. For instance, a 10-gallon can of water 'will weigh rou(5h1y (inclUding
weight of can) 110 poundS, or in other words, it will tcl<G a forcG of 110
pounds to lift the can. If a i:lan lifts this amount three feet, he will do
3 x'110 or 330 foet-pounds of work.

This can of watcl~ ma~r now be h1.lng from a rope over a pulley in such
a 1'faY that when it d8scends ag;:dn it .d.ll lift ne,"rly its oV'm weight the sa.me
distance. In other words, the can of water has become cape.ble of doin.::; vmrk
beca11se work was dono on it whon tha n~ll lift~d it to a highor position. This
ability to do >'lOrk is called f1 cnergy".

In the example just dcscribod, tho can of water had onerG';~r because
of its elevated position. This forn is roferred to as f1potcntial ll energy.
NoV! if an objoct is moving, it will tal~c forco to brine it to rest. Since both
the resisting force and the object "rill be !:.lovine while the object is being
stopped, \'Iork .,:ill be dono. In athol' 'l;'TOrds, tho moving body had enorg,T because
of its motion. This forn is called H!dnctic" eni3rgy. An obj oct can also have
energy bcc~use of its inti3rnal condition as in thG case of a compressed spring,
or water under pressure, or bectiusc of its electrical or chQJical condition~

or because of other contlitions which .;ive it a cupacity to do work. These forms
of energy can be changed one into another ~ but it must be: kept in mind that en­
ergy cannot bo created out of nothing, and that it is im.possible to-.obt2.in more
energy from any type of machinery or equipment than.wlls. originally avaih.ble.
Often, however, attempts have been lunda to do this very thil13 vvith w~ter pOITcr

. oquipment, and of courso the results hav\) ~.lwe:tys been dis~ppointing.

Wor!~ C2..U bo thought. of in another way now, for it represents a change
in tho form of Cl1crd.,'Y. Energy and work c::m therofore be mc.'1surcd by means of'
:.~:: S2.lnc u.11.its, th2.t is, in foot-pounds. It will be noticed that this measurc­
;'lent docs not tah; into i.1ccount the tine rcquir0d to accoj:lplish a £;ivon Nnount
of work. For C:coi.lple J II C'. mo.n c·~n de as much 'work [>..5 R horsell ; but he must
t.:kc n longer tir'lc to do it.

Sometimes it is nccossGry to mo~sure tho speed or llr<l.tell at which
,,!orl~ is dono. This rnto is called "power" <>.nd should not be confusod with the
'.'fork itself or witil energy. The most commonly :used unit of power, ce.lled the
lfhorscponcrll , represents 550 foot-pounds of work done CD.ch sccond. The lIWL'.tt"
or "kilov-ratt" (1000 v;<>.tts) arc gCh0r::-.lly used when rofcr:ting to electrical



WORK = FORCE x DISTANCE

FIGURE 18. A DEFINITION OF YvORK
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FIGUR2 1'7. THREE FORl.iS OF ENERGY
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equipment. There are approximately 746 \latta in one horse~)0'Her~ a.nd there­
fore either of t11ese units i~la.~; :)e converted into t11e other. One ldloviatt of
pO\'I"er used for one hour is called 3. 1I1d.lowatt-hourll • Lil:e;',ise ~ a horsepower
used for one hour in a Ithorsoporler-hour". These are again energy units sim­
ilar to the foot-1Jound, but of course verJr much larg·cr.

Water c~n be put to work in three different ways. First .• it ;:Jay do
wor1: while f~lling, as over an overshot W2.tn.l' Ythee:L, thus using its potentio.l
energy; or second, it Juay use its Jdnctic energy due te its motion, by ;'Joving
throu.gh an undershot or current v'\I-'ncel, or b:.r flowin[; tb..rouZh a nozzle into an
impulse vvheel. A third way is to use the pressure which may be found at the
bottoJn of a. sta.ndpipe or reservoir. T~is can be used a.long ~~th velocity, in
a turbine. If a. siven quantity of water is put to ,'fork in e..J."1y on·.:,:) of these
three ways, a.nd if the distance of fall in the first ca.se is the samo as t~~t

required to give the velocitJ, in tho second (with a. froe f:;.ll), and if this
in turn is the s~ne as the depth required to produce the pressure in the third
cr~sc, it ca.n be shovm that the work done will be theoretically the SiJ.P.l.G. This
depth or heicht of fall is called "hendll, or sometimes "velocity headll or
Ilprcssuro head" to indic;.lte the form of the corresponding energy. In nny cD.se,
the energy available in the water depends u~on the head and tho amount or qU~­

tity of wa.ter nvcilable 2.nd upon these two f;::.ctors 1:'.lono. Li!:mvise, the C',,;ail­
~ble power deponds upon the ho~d and the rate of flow which can be obtained.
A clenr underst~nding of these points is essential.
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APPENDIX II. DETRZ:INATION OF AV!JLABLE POVi'"ill

An approYJUnation of the developed power vn1ich can be expected from n
water power plant is given in table 1, which lists the approximate power out­
put from a flow of one cubic foot of water per second under v~rious heads, and
with vo.rious t3Tpes of wheels. In order to find the Ilmount of power which co,n
be expected from a given installation, s~tlply llultiply the flow in second feet
by the factor found in the table opposite the given effective heed for the
type of wheel and drive 1-'ihich is planned.

-The Il effective" hcc.d as used in the table is the he~d avc.ilable at
the wheel, not taking into account any losses throuGh fluril8s, penstocl~s, hee.d­
gn..tes) etc. In turbine developments vlith he<::.ds 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 10n5er flune, 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 est~~atint the power
which can be delivered by the wheel. n1 addition, ncchanical, electrical) and
other losses which are not ta~en into account in the table should also receive
proper consideration.

In case a civen power output is de3ired, and the required flow in
second feet must be ce.lculated, the pr0:r,:>er factor should be selected from
table 1, and divided into the given power output. For example, if a direct
turbine drive is planned, and the aV<1ilable "effective" head is fifteen feet,
hoVl much water is needed to furnish 5 kilovm.tt output ~t the generator? Divide
5 by the f~ctor 0.76 found in the table opposite 15 and in the colllmn headed
"Turbine-direct drive ll , and the answer is 6.5f3 or ~bOl.lt 6.6 second feet of wa­
ter required.

For purposos of direct calculation) tJ..ble 2 gives 0.pprOX2Jl1,.....tely the
range in efficiencies Ylhich CD.n be expected from v.2rious typos of wa.ter wheels,
and water power plants.

Table 3 gives the head in feet which is equivalent to a.ny given ve­
locity. Theorotically, this he~d of water vdll give a velocity of t~c ~ilount

iEdica.tod. Actuall~r CJ.. consid':r:1.ble portion ....rill be lost in In.:.~d.rl6· the chnn.se
fro~ potenti~l to kinetic energy.
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TABLE 1.--PO::~:iR OUTPUT OF DIFFERENT TYPES OF \·.·ATER 1:~-I"REI,S ruTH nm"; OF ONE
SECOND-FOOT AT DIFF3P3UT HEhDS

._---_._-------_.._._---_._.._---_.-,---_ .._- .

i if
..------------ - it

:0.90
;0.98
:1.08
;1.15
:1.1S'
·1.41
;1.64
:1.85

;0.118
;0.167
:0.21
:0.26
;0.32
:0.37
:0.43
;0.50
;0.54
:0.60
:0.65
:0.70
;0.76
:0.81

I

;0.105
:0.154
;0.200
:0.24
:0.29
;0.33

:°.40
:0.45
;0.50
:0.55
:0.60
:0.64­
;0.70
:0.75
:0.83
:0.90
:0.99
:1.05
:1.08
;1.27
:1.47
;1.69
:1.89

:2.3 :2.1
~L..2~·4,--_:3.1

: Power out~u.t on wheel sh~.f't Power output from genarn.tor driven as
Effec- :, ........:l"'-n~ho.::..;r::..;s::..;e~o~w;.;;:e.::..r _+_-----=i.:.;n=di=-·c:..,'l.::..;"t;...::G:..:;d:---_l::;'n::.....:l=d:.:::l:..::o~w.:.:C'...:.tt.::..;s=-- __-1

tive : I Over- : Over-: Current: Wooden . lIet<'..l
hec.d i Current: shot' shot: wheel ; overshot; overshot: Turbine;;; Ttlrbin~

I at·; wheel wheel,: 'vr11ee1,: Turbin t.hrough: throuzh : through; direct: throug~
'wheel, i wooden: met;'.l ' j j.:;.ck 'j:-,.ck . j,~ck drive: ger.r ori

feet i , bud:ets ;buckets; j Shi:.ft sh2.ft sh<'..ft : sht'i't I
1---.;-.-----;...------;...---~---t-

1 I 0.030 : i 0.0085
2 : 0.061 : I0.0200 .
:3 : 0.100 : 0.118 :0.133 ;0.18 /0.0,38 :0.050 : 0.062
4- : 0.133 . 0.18 ;0.200: 0.29 0.061: 0.087 : 0.095
"5 I O.lS . 0.25 :0.29 :0.38 0.083 :0.118 : 0.132
6
7

I 0.32 :0.36 :0.48 I ~0.154 0.172
0.40 :0.43 :o. 56 J : 0.189 ; 0.21

8 I :0.48 :°.54 :0.65 I ;0.22 ; 0.26
9 I : 0.57 :0.67 ;0.76 I ~ 0.26 : 0.31

10 . 0.68 :0.76 :0.85! :0.31: 0.37
11 .0.73 :0.87 ;0.94 i ;0.37: 0.42
12 0.88 :0.98 :1.05 I I~'l)ulse:0.43 : 0.48
13 Lllpu1se:0.98 ).11 ;1.14 ! whee1:0.ll-8 :0.52
ll~ (Pelton): 1.05 :1.20 ;1.22 Id~r~ct~0.51 :0.57
15 wheel' 1.14 :1.28 :1.33 I arlVe :0.56 : 0.62
16 1.18 : 1. 2.3 :1.41 :1.41 IO. 68 :0 . 60 : o. 68
18 1.33 : 1.43 :1.61 ;1.59 10.76 ;0.68 ; 0.78
20 1.52 : 1.59 :1.79 :1.72 0.88 ;0.76 : 0.88
22 l.69 : 1.72 ;2.00 :1.39 10.99 :0.84 : 0.97
24 1.92 ; 1.89 :2.2 :2.0 11.10 ;0.$'1 : 1.05
25 2.0 2.0 :2.3 ;2.1 t 1.16 ;0.95 ; 1.10
.30 2.4 : .;..:.2..:...3<:..-._;2.7 :2.4 I: 1.39 :=1.:..::1=5__; 1.31
35 2 ~ 9 :2.8 1. 67 '
40 3.2 :3.2 I 1.89
45 3.8 :3.7 .2.2
50 4. 2 ~ ~. ~ I~. ~
75 6.4 :.L!...L---f ;:>. (

100 I 8. 5 : I 5. 0
125 :10.5 I 6.2
150 :1·'2,5 . I 7.2
200 :J.0. i I 9.6
300 ;21,. •.!,. 114.3
400 :32.2 18.9

\ 500 :1.0.':) ,23.8'---'-- --_.•..~,_ ..._---------_.
Dt1.t2. rr:·::: this ta.ble vlere cOr.".piled fl"'om ~T~ter flovltables for nur:terotts cO;_!.lerci.:21;;)
t·;;"i::::z;:.: ~ 2ni fro;: r~csi5!1 o.nd e:::;eriment,-:.l dn.t~ 0:1 hO~-.le~~~de v.11eels. Tiley should ;!.'

t~~·~:·~ ;-:-: :::~!:'=3ct.ed to fi t .:'l!\7' CiVC?:1 ins,t~llc. t.ion e.::~ctlS·, L,ut shou2..tl :',,~ive ~'1. ~()~d

j.L!'_:.':"--""~':c.:;!: of v~·h:lt ~*!.r~~:l be e:~~.-~ectr:d fro:n CCi-1£,::crci~1 r::':cals cr frc;~~ ~lt~ll cc:~:~~t:-"·~:ctl.

::;:..:: :-. ".: ~::,~",d~'? ·r::-:~e.ls.
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TABLE 2.--EFFICIENCIES OF HATER POYiER PLAJ.'lJTS

7% to 30%

38% to 65%

45% to 70%

45% to 70%

15% to 50%

10% to 35%

30% to 60%

..:--_-- --_._-

50% to 80%

60% to 85%

10% to 40%

20% to 50%

20% to 70%

Efficioncy of wheel j Over.:J.ll efficiency of v,heel, I
----r-- ._. . ~wor drivG} .. and gener~.tor

I

T~rpe of v;hecl

Gear or belt drive

Direct drive

it-··------
!HOrne!!Iade current wheel,
IHomen.ade overshot wheel
i
!Comacrcial current wheel

Ico~ne~ci~l overshot wheell - - -
I
I COlnmercial turbine
i
I
I
I
f
i Commercial impuLse wheel: 60% to 80%L. . . . _

-_._-----
TABLE 3. --E';lUIVALEHT r~DS FOrt GIVEN VELOCIT:ms~<-

----------_._---
Velocity

o
1
2
3
4
5
6
7
6

10
11
12

0.0000
0.0155
0.0622
0.1398
0.2L~86

0.3885
0.5594
0.7614
0.9945
1.2586
1. 5539
1.8802
2.2376----_.--------_._--_..------_.. __ .._-_.__._--

~"Tl1ese v:'.lUGS do not t:-2.:e ii1to~.ccount friction or othor losses.
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ENERGY AND PO;:iER LOSSES

Whenever wo..ter is put to worl~, rmd the energ;,r ",hich is rele::>.sed is
converted fro~ one forfl into another, some of the toto..l ~v~ili:'..ble ener~T will
be lost. Some of these losses are unavoid:.ble, but all must be !cept as 81;1£1.11
2.S possible, for othenrisG they ffiu.;:,r dissipnte u. Jii41jor p2.rt of the ",:.tor ener5Y
VThich is o..v;:lili:'..blc. The l;lore import.::!.nt sources of ener£,;;-~ loss, which will be
fO\L.'1d in most vrnter power plnnts, 0..1'0:

L Loss of heo..d in delivering wu.ter to the \<"[heel.

2. Loss of fl'Gter throUf;,h ledmge of co..no..ls, flumes, or le~:.kD.(;e

within the wheel.

3. Loss of hec..d in removin:~ w<'..ter from the vicinity of the wheel.

4. Loss due to impact with <.'.nd friction in p2.ssing through or
over the buckets, rupners, or b~~des.

5. Loss due to turbulence or spb.shing c<lused by disturbing the
sGre:>..m flov{ in pc-ssing through the ..meal or turbine.

6. Mech~nic~l losses due to friction in the beo..rings, wind re­
si.st::mce, etc.

Some co..refully built wo..ter wheels o..nd turbines ho..ve been o..ble to keep ;
\

the totGl of these losses i:'..S low i:'..S 10 per cent of the ~v~il~ble energy. In i
other words, "efficiencies" ;'.s high ns 90 per cent or more h['.ve been .:'..ttr'ined, !
but such c~ses <'.re unusu.:'..l. Ordin,~rily the best efficiencies obt.:'.in.:,.ble on I
direct drives from the wheels or turbines will be betvman 75 per cent .:-..nd 85 i
per cent, while 50 per cent to 60 per cent ~~ll be more conmIDn where honen1~de i

equipment is used. I
I

i
t



,....;....;....-'------"----'-_.---~--_._-_..,----

T:~DLE 4.-ALLa~1l..BLELENGTHS OF TRI\.NSHISSION LIl'JE
• • •• ." ~_ ...., ... '0_0 _. w.,__••,,,.__...__

i Plant i; Allowable length of line in feet
I voltage !. . • .I :J.nd IK~lovf~tt 1 . ' " W~re sJ.z~s , .. !,-

n,11oYlab1e ! capa.c~ty j J2 : '10': 8 : 6 .~ . 4: 3"; 2 : "'-J:" : 0 : 00 ; 000

I.,. ~rg.A1?__... _...L .-..- . Ir·,•.•••••••.._.__._,_._.__--..:.-._.-l..- :. .~----+ ': .,. "
I , • I f I l-. I. I

I t i : ~ ; : ~ :...; : ; : ~

I' 8 v. ! 0.25 I' ; 24: 38: 60: 95 : ]20: .1.50: 200 : 250. 300 : 400 i
; (2-v. i 0.50, : : 19: 30: 48 ~ 60: 75: 100 ; 125; 150 : 200 :
I drop) 1 0.75 i : i [20: 32. ~ 40: 50: 65! SO; 100 : 130 !
i ! 1.00 i ~ : : : 24: 3 0 ; 38 : 50: 60; 75 ; 100 I
~~ _._ I.. ~ _ L _ , .. _ .. _. -- 1 --- - - _ _ " - --.' _ ~ "' - - I

!35-38 v. : 0.5 i 8()-l~ : J25 : 200 : 320 ; 51.0 ~ 650: 800 ~ 1000 i 1300 : 1650 \ 2000 I
(4-v. 1.0 I 40 ; 65; 100 ; 160 : 250 : 325 ~ L~OO; 510 ; 650 ~ 820 : 1000 I
drop) i 1. 5 . 25 . 40 : 70 : 100 : 170 ~ 2l5: 270 : 350 : 430: 550 ; 700 I

I : 2.0 I : 30; 50: SO: 1.2 5 • 160; 200 : 250 : 325 :410 : 510 ,
I· : 3.0 i :. j 35: 55 1 85 : lOO: 135 ! 170 ~ 215 j 275 : 335 I
t 1 ~ ,. _ .. ~ _ - - - - - .. - ,J ,J '" "

i , I I ,. I • I I I

1120-125 v.; 0.5 ! 35Ol~ ;' 575 : 900 ; 1450 : 2300 : 2900 : 3700 : 4650: : : .
12 wire : 1.0 1 18Ol~ : 290 : 11-50 : 730 : 1150 : 1/+50 ; 1850 ; 2300 : 2900 : 3700 :4650
: system 1.5 11 129;~ : 190 : 300 : 385.; 7'70 : 975; 1200 : 1550 : 1950 : 2500 : 3100
I (5-v. ; 2.0 ,90-::': 145 : 230 ; 360 ; 5S0 : 730: 920 : 1150 : 111-50 ; 1850 : 2300 :
! drop) : 3.0 ! bOlf-: 95: 150 : 240 : 380 : 4B5; 610 : 775 : 975 : 1230 : 1550 I
; : 11-. 0 ; 34 : 72: 115 : 180 : 285 ; 365 ;460 : 580 : 730 : 925 :1150 ;

', _. 1.. ..~: ~ ,~ ?~ L ?~~. -~ '- .. ?~.. j. --~~. -L.-~~~ --~ ~~~ .. J.. .. ~??, .j ~'~.~ J ~~?.J !~? -.1 ~?~ .. I
240-250 v. j 1.0 I '725~t 11150 i 1850 ~ 2900 i 4600 ~ ~ : ~ : 1 I

!3 wire I 2.0 ! 36cpf- : 575 : 920 .; 1450 : 2300 : 2900 : 3700 ; 4650; : : I
! s~rster(l ; .3.0 I 24~~ : 390 : 610 : 970 : 1550 ; 1950 : 2500 ; 3100 : 3900 ; 4900 :. I
1 (10 volt 1 4.0 '18or.-: 290 : 450 : 725 : 1150 ; 1450 : 1850 : 2300 : 2900 : 3700 :4650
I drop) ! 5.0 145~": 230 : 365 : 580 : 925 : 1.l50 : 1470 : 1850 : 2350 : 2950 : 3700
I I 7.5 97-1(' : 155 : 240 : 385 : 620 : 780 " 980 : 1250 ; 1550 : 1950 :2500
l ; 10.0 I 72~~ : 115 ; 185 : 290 : 460 : 580; 735 : 930 : 1150 : 1500 : 1850
I I 12.5 ',' 58-lf-: 92: 14'7 : 230 : 370 : 465: 590 : 745 : 935 : 1200 : 1500

15.0 48: 76: 1.20 : 190 : 310 ; 385 : 490 : 615 : 780 : 980 : 1250____________• .__ I .__.__. I I •

-l~Spa.ns of more than 50 feet 'Vdthout intermediate support
should not use smaller than No..... 10 1Nire.

.. ..: -..... • A __
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TABLE 5. --MINTI,.ItJH WIRE SIZES FOR EI ,-:<:CTRIC CIRCUITS

._~------ .._----

6

'
1 mmmum size of 1'tire to use for:

I
; Approxi..m:J.te
i voltage

at
plant

1-r"Entrance :-l~Entrance: Branch; Small; Motors ; lJotors Electric:
i to : to out- :circuits: motors : 1 hp. : 3 hp. range
. house :buildings; : 1 hp. :to 3 h~.:to 5 hp. circuit
i or less: :;.~ ....,_._.--.-t..------+-.-..-'~ ..-.~--.--.~--"--- ..;--..--..-f- ~.__..~---;-- ._',w-. -

~ 8 v. D. c. i 4 : 6 i g . 6el
:

. :: ~ :
t ' , I b' I

:35-38 v. D. c. i 6 : 8 '10 :10 to 6 : :
1: I I

I. ,
'120-125 v. ! (.c : 12d 1.4I J::>. 8 .
!D.C. or A.C. I: .
!125 and 250 v. ! ~ l e 8 12d i 14 12f gf 3-6g
1_~.:£._._ Ol:_~ C•__.L._~-o__.__'_ ..._.: . . .__:....__.. :.

-::-Entrance should in no C2.se be sf.Jaller thc:m the 12..rgest circuit in
the building.

auotors larger than 1/1. hp. are not practic·:.l on this volt~ge.

bl / 4 hp. - No. 10; 1/2 hp. - No. 10; 3/4 hp. - No.8; 1 hp. - No.6.

CPlants of less than 1.5 IDv. cup~city can use No.8 entrance.

dNa. 14 is allowed for short brunches to lighting loads. No. 12 should
be used on all appli~ce branch circuits.

eThree No.6 conductors. Where plant ha.s capacity of 5 kvv. or more,
three No. 4 or l~rger wire should be used.

f These motors oper2te on 230~240 volts.

gTwo No. 6 cmd one No. S arc sor.:etimes used.
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