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ITROUUSTION

The fast flowing mountain streans, crees, and rivers, found in
mosl scetions ol Montuna, wrovide nwacrous ongortunibics for the installation
of small water power olants.  Atberpt: nave boon sody Lo dovelon sy ol Lhese
power sives, but for one reacon or anulher nan; have heen abaadoacd,  With
increasing use of faceline aicd eleoctric power, nowever, therce is an increascl]
interecst in these sources ol nower supnly, narbicularly in those lecalitics
vhiere the building of elcectric pover Tiaes will ool bhoe wiacticsnl.

Small water povrer installations, when nroserl; duvelonad, caan be
very satisfuctory, and many have given zood service Jor lorg perieds ol time.
Such installatlons are real assets, and srell worth the accessary time, effory,
and expense. Illowever, the cesign and installation oi a successful nlant is
not always an easy task, I 1b is not carefully plinncd it cannob be exjeected
to give satisfactory results, If malieshift equipnment 1o uced, or if equinment
is imnroperly o1 carclessly installed, thore ic a good mossinility that the
developnent will be a disconointment, if nct a cemnl.ote falluve, Nosbt of the
plants which have been only partially successful, or thich have bern abendened
envirely, have had onc or more of the following faulls: (L) the water pouvor
aveilable in the slrean was not sufficionty (2) the nlant wasted too wmch of
the availablc nower; (3) power was not dependable because (a) the water sunply
became inadequate during lowr water scasons, or (L) because the »lant did not
operate satisfactorily; (4) the couintent wore out before it had paid for
itsclf; or (5) the ecquipment was damaged or put out of corudssion by floods
or other unusual conditions.

A carcful preliminary survey is nccessary to deteramine whotiher or
not the plant will dovelop enough power to be cconorically worth while. A
coriparison with other forms of power sunnly aust be nade in order that the
least expensive kind will be secured. Complche nlans avd designs for all
parts of the plant and connected equinment should be made and checked care—
fully before any installation is undertalien or very much noncy or time is
invested. In this way satisfactory results from eny cifort or investment
will be assurcd, Careful dusimm and installotion will leen nower losscs at
a minirum, and make the development as useful as possiblz.  The cost of cquip-
ment, whick is usually one of the major exponse iteams, can be kopt dovm by:
(1) judicicus use of homemade (but not makoshift) cquipnent; (2) proper
selection of power site, type of couipment uscd, mcthod of power Lransmission,
cte.; and (3) cffcctive use of Favoranle naburnl conditions,

Information siven hoere is intended to be helnful in the nropLr
desiym, sclection, and installation of small waler pover cquipnient. Dircections
and specifications are included Tor the censtruction of sonc tyres of dans
and water controls which arc practical for usc with vabor pover plants,
Information is also included on the installation of small hydro-clcetric
plants, as these provide onc of the best mcthods of harnessing water nower for
general farm usc, It is hoped that this informabion will assist in the
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rchabilitation of many pover siles nou chacloned or nelonerating saticfne-
torily, and that it will also help in the developacni of new sites in these
locabions whore such developnent is cconomically practicable.

PART I. PLANNING A SHALL WATZR PGWZR FLANY

The irportance of carefully made, complcte prelimiaary plans camot
be over-cmphasized. All factors nwust be given proper consideration if the
instaliation is to be successful. Hany of thesc factors arc teclinical in
nature, and thercfore, if possible, it is well to consult an cngincur or
other person experienced in the installation of water power equipment.
MHanufacturers of water power couipizent often have engincers available, and
arc usually willing to give as much assistance as they can.  Othoer reliable
sources of information and heln sihould clso be used to the fullest extent,

Plamning is best done in two stepe. First, 2 prelindnary survey

siaould be made to deteraine the feasibility of the »roject. This survey
should answer the follouing questions:

1, How much watecr power is available? Is there cnough to make
a develonment worth while? Will 1t be dependsble or will
it be nccessary to provide for daily or scasonal fluctuations
of supnly or of demand for the power? How will wvery dry
scasons affuet these considerations?

2. How muca powor is needed? 3ill the vwater cvailable satisfy
the power demands of the foarmstead, or will it be necessary
to have auxiliory power for part or all of the time? How
can the power be usoed so that it will bec of greatest service?

3. Will the ecxpense of the installation be worth while? Will
construction of the plant vrovide a worth whilz wiay of using
"sparce" time? Can power be sccurcd more cheaply in somc
other manncr., Is there a probability that this installation
will repey the investment in matcerials and labor, and do so
within o reasonable noriod of tine?

Sceond, if the resulis of this survey show that the projeet is fecas—
ible, detriled designs and plans should be mnde as follovs:

1. Survey the site, locating power housc, dams, canals,
tailroce, cte.

2, Sclect the type of woter wheel which viill be the most
satisfoctory.

3¢ Decide on the most suitnble methed of power tronsmissions

4e Desizn the dam, the wheel and the powrer house, draw o
dicgrom or all clectric transmission and building wiring,
or if dircet drive is used, skectch the arrangement of all
driven cquipment, line shofts, belts, geors, ete., Plan
all other pertinent detnils carcfully ond mrke an estimnte
of the total cost.
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5. Choelr 211 nlans Lo seo bhat ne crror hngs oo mnde, IT
the project Joclea ool Mon ooy o rond siorl willd

hove been mivle toword sceurise o antiafctory inctollntion,

The Preliminary Survey

Determining the Powver Availabile:

The amount of power available {or develovmznt depends uwnon two
factors: (1) the "head", which is the total amount of fall available
(usnally measured in feet), and (2) the normal rale of low, whicl i5 usually
neasured in cubic feet per second (Msecond-feet'), A rate of flow of one
second-foot writh a head of ten feot will thecretically develon agp roximitely
one horsepower,* This gives a rule of thumb sicthod for ma'iing a quicl: estimate
of the power available: r1wltiply the rate of flow in sccond feet by the net
available free fall or head in feet, and divide by 10 to ouvlain roushly tue
theoretical horsepower. The amount of power which'can actually be developed
will Le from one-third to three-fourths this valuc, depciding upon tlie
efficiency of equipment used. If the velocity ol the stream in feet per
second is known, the equivalent head in fect can be found from table 3 in
appendix II, !

In casc the available power 1s desired in terms of ldlowatts instead
of horsepower, oue horsarower is cqual Lo apvroddmately three=fourths of o
kilowatt. Thercefore, theorctical powoer available in hilowntts 1s about three-
fourth: that in terms of horsenower. Since some rower will be lost in
gencratinon of electrical ecnergy (which iz usually considerced when the torm
Mrilowatt" s used), the numbor of ilowatts available rom a development can
usually be taken at about lalf the number of horsepower determined according
to the above rules.

Tables for malddng closer csvimates of the power which can be
delivered in useful form, when the hiead and vate cf flow arc knovm, are ~iven
in appendix IX. In case this power will be inaderuate, an inereose in the
anount, of powoer available may be obtained by: (1) creating a pond which will
store viater throush periods ol Jight power demond to supply additional flow
when the domaad is heavr, (2) inercasing the licad by (&) bullding a hirsher
dam, or (b) by divertiag water larther upstream, and (3) deercasing loases
ancd wasted water by aore careful design and construction of canals, flumcs,
ard chner cquinment, One or nore of these ncthods must be used to improve
or rchabilitate enlsting nower nlants in order to incrocse their output.

#Actually Ll theorctical »owcer available freir ton foch-sccond-Teet is
1,135 horsepower. However, since the amount whicn +ill be lost in develoyp—
ment is very hard to estimate, this rule of thwb is close ciough for this
parpose.  In case the flow in Montann minert's inches is moevm, this shoulid
be divided by 42 to »btain the flow in sccond—foot,
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DBefore the head can be estimated it is necessary to determine the
nrobable location of the nmower plant, to decide what kind of dam which will
Le used, and to select its aporoximate location. It may be possible to
secure an ample flow of water by means of a simple diversion dam some dis-
tance upstream. This will nccessitate a long canal in most cases, and may
require expensive fluming, Instcad of this arrangemert, it may be possible
to have a higher dam ncar 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 advantage of having a vond which will male possible better
contrel of the flow of water to the nlant. This often malzes possible, in
turn, the use of larger capacity equipment, and the pond may help materially
during periods of low water {low.

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 a more expensive dam and 2 largzer storgge arca.  These may be
valuable for other than power purposes, howcver,

After the water level at the dam has been determined, the point
downstream wherc the plant probably will be located should be decided upon.
The vertical distance between the surfoce of the woter bzck of the dam, and
the surfoce of the stream at the plant site will bhe the total head availoble
(see figure 1). An ongincer's level, or for short horizontal distances a
carpenter's leovel, can be used to determine this height.

If a velocity meter is not available, the velocity of a stream can
be 2stimated 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 marli, Dctermine this several times, and
ther take the averaze. Use four-fifths of this average value to obtain the
approximate velocity of moderately sized streams (usually calculated in terms
of feet ner second).

‘ The rate of flow should Le deteramined 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 iust provide sufficient
power to operate any equipment which may be uscd at that scason of year
during which it occurs, Otherwise an awdliary power supply will be nec-
essary. Possible flood conditions should also be anticipated and considered
so that provision can bz made to prevent damage to the plant: during flood
seasons, If a pond or other storage rcservoir is to be used, it will be
well to know also the total run-off for the year. Often it may be desirable
to make a survey of thc entire drainage basin of the strcan to make sure
that sufficient water will be available. Too ruch stress cannot be given
this important point, for one of thc primary canses of disappointment with
small water power plants is their failure to provide adequate power through-
out the ycar.
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The most satisfactory metlindl to obhtain this data is te install
some form of a weir in the stream. This will wake possible the taking of
readines over a Jong period of Liie, and suely rendies aee casoential AL cone
plete information on the stream flow is to be sccured, If only a rough
estimate of the flow is desired, however, and the vclocily at any point is
known, it is merely necessary to determine the cross-sectional area of the
stream at that point. If this is found in square feeb, and muitiplied by
the velocity in feet per second, the rate ol flow in sccond-feet is deter-
minced. Cross—secctional arca can be found by talking sevoral mensurements of
the depth of the stream at uniformly spaced points across tihe strean,
averaging these, and multiplying by the width of thie stream at that point.

Planning for Use of Power:

If a power plant is to bLe successful, it rust ve able to supnly
power for some useful purrose around the farmstead. O0ften a definite power
demand exists before the plant is considered, and it is important to know
beforehand that the pronosed plant can mret this demand satisfactorily. Also,
as soon as power is available, additional demands may be made on it, and the
most satisfactory plant will be .hu one which can meect not only present, but
future demands as well. In any case, the limitatlions of a proposed plant
should be known before any investrent is made., Only in tils woy can results
be satisfactory. For these recasons it is very iwmportant that the uses to
which the available power is to be put be carefully planned in advance, Some
contenplated used may have to be abandoned, rovision ney have to be iaade to
secure addivional power, or means may have to Le provided to supply awxiliary
power, All of these factors should be considered bafore the plant is built,
rather than afterward, for in this way a well balanced farm power unit can be
developed.

Water power installationg, from the very smallest to the largest,
can be used for pumping water for the houcchold or for irrigation, Very small
water wheels can drive small direct connceted punns to deliver necessary water
foi* houschold use, while large irrigation pumps require several horscnower, or
cven several hundroed in some cases. Wheols which will deliver less than onc—
half horsopowor will not be vory practical cizcept for driving smnll water
pumps, grindstonas, small mills, or they nny be connccted to drive a swall
generator, and in conjunction with o storage brttery furnish a fow lights and
power for a radio. Larger power outputs ean readily be put to mony types of
uses around the farmstead, particularly when clectrical tronsmission is used
to-deliver the power where it can be used the most conveniently (sce figures
10, 11 and 12), '

Considerations in Estimating the Cost of a Wnter Power Instollation:

——

Ench development has so many individu~) problens and conditions that
it is neeceasary te have plans for a specific projeet frirly complote before
any cstimate of proboble cost can be made. A rough preliminary estimate
should be made, however, in order that the feasibility of the project can be
determined before too rmch time is spent on the final plans. Costs of
individual items, and of the total installation, may vary between wide limits
for different installations, depending on:
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1. Vhether commercial or homerade equipment is used.

2., ihether or nol spare time labor is available. (A rroject
of this nature may provide a valuabl. use for zpare iime,)

3. Available head, type of dam, preparation ncecessary for
storaze area, length of canal required, type of water
wheel or turbine which will be neccssary, method of power
transmission to be used, distance of power site from farm
buildings, and related factor Se

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

There is usually a tendency to overlock or neglect important costs
in connection with small water power plants. Any of the folloxlng itens may
e

ntn“ EE%Y Y bk A A A, R N -

enter into the cost of a complete installation, and should be ziven proper

consideration:
1. Dam, spillway, headgates, ctc,
2, Canal, flumes, penstock, ecte.
3. Control vaives or gates, weed racli, cte.

4o Tailrace,

5« Vater wheel or turbine, with suitable mounting, bearings, etc.

6. Governor.

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

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

a. Datbery, switchboard, meters, regulator,
transinission line to buildingzs s, poles,
cross-arms, insulators, line wire, guy
wires, anchors, grounds, etc,

b, Wiring in houses and outbuildings,

Cs Mgters, electric appliances, and lighting
fixtures.

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

10. A suitable bulldlng to house the water wheel, and generating
or transmission equipment.
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ILoention of thie Power Site

In maxing the prelindnary survey, a probabvle localion or the
power site has been selected, If the preliminary consi-d-raticns have
indicatz>d that kthe project will be werth while, a firal survey and desimn

of the power plant should be undertaken. The site shiould be located at the
point where the available head fer a given horizontal distance will be the
greatest. Penstocks, flumes, or canals should Le as dirccet and short as
possible, Also the method of power transmission to bz used rmust be %opt in
mind, A dircct-driven pump nust, of course, have the wheel near the source
of water which wil be pumned. Dircet drives to farn equipment «~ill Lo
possible only it the wheel can be located very near tie farm buildings, I
electrical transmission is used, larger wire and hisher voltagrs will be
required to transmit pover any distance. Thus if a site with a satisfactory
head can be located near the farm buildings, this should be done. Otheruise,
the cost of a caral, clc., must be balanced arainst the cost of additional
transmission line until an arrangement is found where the total cosbt wili be
at 2 minimum,

Selecting the Type of Waler Uheel

Power can be doveloped from low heads if a larre auantity of water
is available. The higher the head, the smallar Lhe fiow required, and in
gencral the lcss expensive the equivment for a siven powecr oubnut, Vith
different heads and rates of flow, different tynes of wheels are neoded,

The four gencral typ2s which have been found to be practical for small power
installations are: (1) the undershot, or current wheel; (2) the overchot
wheel; (3) the turbine; and (4) the inpulse (Pelton) wheel, VWheels are
designed to operate under heads and with specds which approxinate those
indicated below:

[—“.Totaiﬂicad :’> Tyﬁ;“;;—%ggézun?- Specd in R.F,M.3%
U SO SN et g —
0.5 ft. to 4 f@. Current wheel C.2 to 20 rpm
3 ft.. to 36 ft. Overshot wheel 5 to 40 rom
3 ft..to 80 ft, Turbines 100 to 3000 rpm
15 ft, to 1000 ft, Impulse wheel i 100 to 3500 rpm

*Revolutions per minutc

Current Wheels (see figure 4);:

These wheels can be operated with very low hends. They are fairly
useful for pumping or raising water with attached buckets with slow speed
pumps, but have such slow speeds that thoy are very poor for gencrating
electricity or for driving other high speed cquipnent,
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Advantages: ].f May be quite casily homemade,

2. Usablec on very low héads.

3f Renuire a very simple approach and tailrace.
Disadvantages:s 1. Very slow speed.

2. Variable speed with variable load.

3, Tendency to freeze in winter.

bes Heavy and umvieldy.

5? Very low efficiency.

6, Difficult to mount, as they must be raised ~

and lowered with variaticns in stream level,

Overshot Wheels (see cover illustration):

These are good all~purpose wheels for small pover installations.
If installed with reasonable care, they will operate with high efficiency
under a wide ranze of operating conditions., They are not casily damaged by
debris, and if properly constructed and houscd should not give trouble from
freezing., In gencral they will require but little attention. Their speed
is 3o 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 rccommended, 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.

4. Slow speed malies wear on buckets and bearings
negligible.

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

Disadvantages: l. Slow speed is poor fer electrical purposes.

2. Often the large sise necessary males
proper housing difficult.

3. Difficult to govern speed closely if this
should be nccessary.

4+ Usually requircs considerable headrace
fluming. Lust be clear of tail water at
all times or cfficiency decreascs sharply.




Figure 4. A CURRBENT WHEFL WITH BUCKETS FOR LIFTING
WATKR.

Figwre 5. AN IMPULSE WHEEL

This wheel was made in the engincering department of Mon-
tana State College, using a saw mandrel and buckels cast in the
college foundry. Water enters through the pipe which carries
the pressure gage, the nozzle being under the wheel at the right.
A tight housing is placed over the wheel during the operation.
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Tarbines (see figures 3 and 0):

Turbines arc of two general types: the reaction, using a Francis
runner; and the propeller, nsing a screw blade. Doth worlr satisfactorily,
bub in general the propeller Lype will work belber for low Leads (3 feel Lo
12 feet). The nronmeller type gives a little fuster spred, which often nakes
possible a direct drive to the generator where a belt or gear drive would be
required with a Francis type of rumner, Use of the screw blade akes nossi—
ble a lighter, and therelore a olightly less expensive, Lturbine.  lowever,
it does not, In general, bave the ruggedness of the reaction bype, and ig
not recommended Tor the heavier power installations where the head is
sufficient to use the reaction type. Most manufacturers supply both types
of turbincs and will advise which is the bast for any particular installation.

Advantages: 1, Good efficiency under varying load conditions,

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

3. Little danger from freezing.
Le Can usc a ;overnor affectively,

2

5. Enbirc unit can be self-contained and very
conpact.

Disadvantages: L. Camnot be honmoenade casily.
2. Comparatively cxponsive.
3. Often wear badly and replacements are cipensive.
L. Governor is expensive.

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

Impulse Wheels (sec figure 5):

These are usually used for high hcads where most of the energy will
be in lkinctie form. They must be caresfully made to insure good efficiency,
so homemade typcs are not recommended. (overning is accomplished by means of
a needle valve in the nozzle. They are rmuch smaller, and lighter, for a
given capacity than the turbines, primarily becauce of the higher head and
correspondingly smaller volume of water handled. However, the finer workman-
shig nccessary about offsets any difference there might otherwisc be in their
cost,

Advantagues: 1. Good cificicncy when properly installed with
hizh heads,

2, High snced malies direct drive of gencrator
possible,

3. Comparatively small quantitices of waler nceded.
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Disadvantases: ). Cannol e homemade eanily.

N

Require an accurale noszle and carclully
nade cups.

3. Require carcfully decipgned penstock, making
total installation expencive for small sizes,

L. Splash badly and arc very incfflicient il not
carefully adjusted and accurately governed.

5. Have a tendency to wear badly because of
high specds.

No estimates of the costs of wheels can be given, hecauze this cost
will vary with the head, power output, style, and nany other Tactors. It is
sugrested that quotations be secured fron the marufacturer on the type and
gstyle of wheel best suited for the installation contemplated.

Mcthods of Power Transmission

Flectrical transmission of power hns become so common that the
possibilities of direct drives from water wheels are often overlooked.
Direct drives eliminate energy losses throuzh o renerator, transmission line,
and motor, and if they do not requirc complicated gsearing or line shalts,
often make possible the use of wvery small power oubtputs which cannot be
develoned cconomically 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 continuous
chain, also work well when driven from slow speed current or overshot wheels,
but are very low in efficiency. Reciprocating punps connected by neans of a
crank or through a draft wire also work well with these wheels, Centrifugal
or impecller type pumps should be driven from turbines or impulse wheels, for
it is difficult to obtain the high speed necessary to drive these punaps from
slow speed water wheels without losing a lavge 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, vashing machines, or other farm and housechold equipment which need
not be moved from place to place.

Unless most of the power output of a wheel can be used through sone
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 use this form of energv directly in the form of
heat or light.

Vhile slow speed current and overshot wheels are very satisfactory
for use with direct drives, they are poorly adapted for driving electric gen—
erators. Special gears or belts will always be necessary to increase the
speed to a point where a generator will operate catisfactorily. V-belts and
special tread leather belts are very efficient for this purpose, but are much

L.
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more expensive than ordinavy velting. Geors and chain deives are also very
efficient, but likewise are cuibe exponsive, With oversiobl whesls a single
jack shaft will usunlly pive satisfactory results. Current vheels may roquire
a second shaft, though usially their soced is tee slow bo nalie a drive Lo an
electric gonelator practical. Tnrbines cnn olten be llrect—comwecied, or b
most need but a single set of ~ears or a helt, Tmpulse wheoels are usually
conriected directly to the c¢lectric gencravor,

Zlectrical energy may be generated end trensnitted as elther alter—
nating current (A.C), or Jircct currcut (D.C. ) Residential sup ly for citias
and tovms i usually A.C. and therefore ecuipment for use on this iype of
supply is easlly avalilable. Alternating current used with trencforimers nay
be tronsmitted for long distances. On the cibier hand, zeneriling equinasnt
for this form is nore expansive than for D.C. and the ;=Nwr'tor muazt be driven
at a very steady spoed.  Thio requires the use of an expersive soverner on
turbines and impulse wheels, and makes 1t iarractic 1 Lo suni:ly alternailng
current from overshobt or Purrﬁnb whooels.  On bhe other hand, dircet curvent
generators arc comparatively simple, and can be casily contirolled.  Prowor
design makes possible a constant veltage sungly under widely varying driving
speads, and this nales a governor unnccessary. These forms of encrgy will
usually be available in different voltagces as listed below:

Voltahc Voltarc ati 1 |

at plant nddin hgop . Advambages ¢ Dlsadvautages
[ V. V. ;Gonv abors easlly obtain- : Vvv; Tow cananity.
or or cabhle from old automebiles. | iz 5 large trans-
16 v, 2 v, iStandard car bnttop__qud__f_ll)glun virese
D.C. L.C. ~u000mmnxdcd for plants of less than 500 vabt canacily,
T T T T T Can e used Ulth sterage” 1 Regudres special lamp Lulbs
-32 vy, 30-35 v. ‘battery. Generating and + and apliances.  Requires
D.C. D.C. EcontroW equipment is low t large wires and cannot be

(2 wire) rin_comparative cosbe o oo .. _ironsvitted very fav. .

e _1niecommended for plants from 0.5 'ww, to 1.5 lov, size. .
'May use standard lanap - lleeds sgpecilal motors and

120-125v, 110-120v.:bulbs and smaller heating | radio sets. Cannot be used

D.C. D.C. ‘aprliances., Battery may v with transformers. Not

(2 wire) ibe used, but is too exnen- . practical for capacities of
toive to be .??s.Q@W‘lcndcd fmore than about 2 lw. .
Mecormerded for planls of 1 fw. and » k. capacity
ivhere tronsmission Ulutanup' ore nob over 500 fcet, _

- T T May use standard Tanp T T T Heeds shecial motors and
125-250v, 120-240v, :bulbs and heating appli- - radio sets designed for
D.C. D.C. ‘ances. Uses coaparatively ' this type of power suvpnly,

(3 wire) 'inexpensive generating E Cannot Le used with small
requipment which does not " transforners for toy trains,
irequire a governor, door bells, ebec.

'"‘—"_"f—m—‘_"ﬂnm—"~"“Siundazd Saprly. Theretore : Genervating Lqulrmbnt is

125-250v, 120-240v, iapnliances and comijprent » relatively expensive.

A.C. A.C. lecasily obtaineble. lay be : Reoulres use of a sensitive

(2 or 3 ‘transformed and trans— E and therefore relatively

wire) initted, Long distances. . . :expensive governor. .. ...
‘Recommendad for larger ple nta () ‘. or more) and for
'plants whien will s unnly iwore than one *drﬂst”ad.
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Survey and Desilim Daba Fou Complote Plank

DA Y

The maps and nlans need not be elaborale, but they should be com—
plete in all details. Too much information ig betber than aob enovgn. In
general, the finished vlans 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-
structlion data,

3, Plans of head race or penstock, show.nr trash raci, water
controls, and similar featurcs (zee firmire 5)

L. Plans of the water vheel or turbine installation, showing
nounting, delivory of wabter to the wheel, governor control,
and other details.

5. Diasram of wiring system comolete for cach luillding, similar
to the plan shovm in figure 7, showing lecaltion of all out-
leta, branch circuits, ete.

6. A plan of the Tarmstead showing all distances to and belween

buildings.

Chocking Finishqg Plang

Tf it has not becn possible to consult an engineer in naidng the
prcllm¢nary survey and plans, one should be civjaoed to check over the finished
rlans and make criticisms and any changres wliich nay e necessary. LI a
conmercial wheel is uscd, the company furnishing the wheel will be zlad to
have their engincering department do this, as they will require most or all
of this information before they can make an intellirent sugpestion as to
type and size of wheel or turbine necessary. In addition to bthese plansz, it
will be well to include the following data when recuesting information from
a water wheel monufacturer:

1. Measurcrient of head and deseription of how it wns taken,

2. Meosurcnent of maximwn and minimum volume of flow with
dimensions of welr or cther informntion on how nmeasure—-
ment was nade.,

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

Lo Information concerning any wieter nower cruirment which
moy be on hond,

5. Any other information which may be useful,
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FIGURE 6. A DIVILOUZD POER SITE
SHOTHY RZLATIOUSHIP OF VARIOUS PaR
OF A MYDRO-ELECTRIC INSTAILATION

e WIRING SYMBOLS
rimemry ok sh SRl et agfdies S E g Loy sl et B A u‘.‘.-.:"—
’ H . Mat.;‘/ ) I CEILING LIGHT
I ;T I OUTLET
o ' I ¢ / t
F g | "",‘]""‘1 . .'f:'.‘::’:*:.:‘: A
v M ll' LA i PELN CEILING LIGHT OuT-
|[‘~ i _: LET WITH PULL CORD
_?_......I...‘__:::.]\] ~ -]Tt-_] ‘ ”'r l.,“ 1! (= o —p e
N R R L remddile : F WALL LIGHT WiTH
i ) e ")" , P /l' r- !%"Pﬁ'ﬁl l" ': CONVEN/ENCE OUTLEr
'L.'t.%ﬂi‘ﬂf:i{i{m, :, I"f%ji_'.' "f;:',":";i"q’ ]
r P . 1= CONVENIENCE OUTLET
i _._l,‘_ ' ~ = HEAVY DUTY OUTLET
a 4
g -I[-u* ! | S ONE WAY SWITCH
N W
U I 11._1!l_rt . "{x A I .
L N e G P b 5, THREE WAY SWITCH
I II
o114 'I
T RY SERVICE ENTRANCE
L l. By EQUIPMENT
i
U

A HCUST "JIRING PLAN

This nced not include a viring diagram, but
should show the location of all outlets,
fixtures, switches, and oticr cquipmant rhich
will be permancntly attached to the viring
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F‘ PART II. DAMG AND WATER CONTRECLC

A dzn, in nmost coses, is not necded for a currvont wheel, sinee
control is effected by raising or lowerin: the wheel Lo conform to the level
of the water in the stroam. 1In othier cases, vhen the heel (- installed in
; a flume, control is accomnlished by means of a low .. .ursiein da. Luilt of

| loose roclk, or by a rumber of ril-3 driven into the str-aiibed to vhich a
heav, nlanit ry be ai.ed.

For @1l other types of water wheels o da is needed fer the
diversion aud conbrel of the vater. Onl: 4 uriel deccription is ~iven here
of the construction of diffecent 4 pes of dams,

Thevre are Lwo marn purposcs for whilen dans are ushally constracteds

T

first, lor the Impounding »r storage of woter, o5 in a reservoir; second,
Fer the diversion of all or a part of the {low of a sircanm.

The first type of dam nwst be desi;med to withstand considerable
pressure, since 1t alwoys involives raising of ihe water surface to a con-
siderable hieight, To withstand pressure, the dam rmst be securely anchored
to ius foundation to rprovent siiding dovmstrean duc to the sressure from
the water impounded on the upstream side. It rust also have suificiont
woelght {5 withstand both sliding and overturning., TIn addition to this,
enough rigidity must be built into the dam so that it will net crumble
under the stresses impoged upon it.  Storaze dams nay bhe built of carth
fill or of masonry, In either case the same fundamental principles concern-
ing the pressure of water must be followed,

For small watcr power installations a dawm of great heirht will
probably not be nceded, and therefore should not be difficult of censtruction
by any farmer, Simple directions for the preparation of dan sitzs and the
construction of small dams arc giwen in loutana Ertension Bulletin 1£0.

At times diversion dams also may have to withstand heavy prcssure,
since it may become necessary to raise the water surfoce a considerable dis—
tance to get the strcam out of its decp channcl., " In diverting water from .
a stream, often only a part of the flow is nceded, cspecially during high
wator, To allow this cxcess water to flow dovm the crecl: without washing
out or otherwise endangering the dam, the "overflow!" type of dam is neceded
in which the spillway is built into and becones a part of the dam itsclf, -
Diversion daas of this type may be buillt of reinforcod concrete, but thuese
are generally too costly for form construction, so structurcs arc sugzested
which can be built of local rmeterinls and at a lower cost.

One of the slmplest of these is the rock and brush dom. An illus-
tration 1s given in figure &, It should be constructed with sufficient
velght and rigidity to writhstand the nressurce and the crosive action of the
water,  The foundation should begin well below the strean bod and in firm
material.  The lower face of tho dam should be built up with laycers of
brush weighted doum with rock and cnch suceossive loycer of brush should be
set back from the previous one on the ratio of about to to one; thnt 1is,
two feot horizontal for cach foot of rise. The mein body of the dam is
constructed of carth £ill which, too, should begin well below the stream
bed on a firm foundation. The cnds of the daa shiould be built three or four
feet higher than the spillvry section, and the sides of this spillway should
be protected with brush and rock sceurcly anchored into the carth fill.
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Another type of dam which mny alse be coastrucled from local
materials is a "rough rubhle masonry" type, suchh as is shown in fiqure 8.
This dam congists of a face of soldld masonry with an earth 111 behind it
of such dimensions and weight as to resist the nressure of the water, At
the foot of the dam a roclk apron is built, upon whiich the overflow water
will fall. The level of this apron should be one foot below the level of
the stream bed so that the overflowinzy waters fall into a watcr cushion be-—
fore flowing out into the channel below. The roc't 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 eartl at each end of the dam to prevent leakase at these
points. Above the dam the carth fill should have a slope of three to one

" dovm into the water. Thuq, the flow of the wator is provented by the carth

fill, and the masonry is used primarily for the spilluay, viiich is part of
the dam itcelf,

A‘imhnr r"r-ihc 1711 ed wi *‘,!‘\ o cls and bacl-:‘ﬂ 1wt an anawdh P97 marr
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also be used for diverting water into a power [flume, If the 1ift is not

great—say not over four or five fect—-a wooden divercion dam may be used
with safety and the water level controlled hy means of flash boards or a
headgate.

There are as many ways ol bu11d1nh dams as there are locations for
them, nnd the farmer can adapt the design to it the conditions which are
present, teeping in mind aluays that the fundamental nrineinles governing
pressurs and valer crosion imust be followed if failure is to be avoided,

To convey the water from the reserveoir or diversion dan to the
water wheol, a canal or flume must be coastvuctod of ample capacity to carry
the maxdmum flow nceded for the operation of the plant. Since = constant
flow is usually desired in the conal, a hcadsate and wasteray must be in-
stalled at the intake to provide cnmo1cto und constant control over the
water 119w1n5 over the wheel., The underflow type of hcadsnte is best suited’
for this purpose. The flow is regulated by raising or lowering the headgate.
In front of the hcadgate a trash rack should be built to prevent cntrance of
rubbish which might clog the woter wheol.

*. The hcadgnte should be sceurcly anchored into the banks as shown
in fifure 8, to perLnt all flow of woter around the cnds. If wooden struc—
turcs arc uued the wood should be given a coat of cercosote or other
protective m“tcrlaT to provent ra hld deterioration. It is o j3ood plan, olso,
to use heavy dimensioncd mnturlul, since this will make o more substantial

cete and docny will prosress more slowly, Reinforced conercte with wooden
hcadbonrda is highly desirable wherever this type of construction enn be
afforded. All headgntes should be securcly anchored and protected to pro-
vent water washing aronnd or under them. For long supply ditches o sccond
headgate will be necessary near the water wheel or Lurbine so that the flow
can be regulnted conveniently and quickly.

An important rule to %ecp in mind in uc 3ing concrctc is that only
clean, sharp sond and grovel should be used, and that there should be no
skimping in thc amount of cement. Any conerctc mixturc wlth an insufficicent
amount of ccment, which is its binding moteriel, is liabls to failure at any
time and never can be depended on.
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PART III. CONSTRUCTION AND INSTALLAT ! OFF HYDRO-ILGCTILC PLAWTS

flectricity provides one of the most convenient methods Lor trans-
mitting the power developed by a small water pover plant. It will allow the
use of appliances and equipment in nore convenient Jocatlons than ill other-
wise be possible, It will make it pcscible to operate a larger varicty of
appliances and equinment, and will therefore nalte the power develogment iiore
useful, Also, as mentioned previously, it makes possible the use of vater
potrer for furnishing heat and light.

The disadvaitages of electrical transmiazsion are found in the added
cost of the eleclrical equiprient, arnl In Lhe additional cnerpy losres widceh
occur in the electrical epmipment. Thes2 objcclions are usuells Car outvelghe
by the advantages wvhich are ;ained, but nevertheless they shonld be miven
vroper consideration. :

Energy losses in hydro-eleclric inutallations, in addition to thosze
found in the water power plant, are:

1. Mechanical losses in bearings, gears, belts, shafting, cte.,
of the gencrator drive.

2. Electrical and aecnanical losses in the senerator,

3« Electrical losses in transrdssion lines and wiring.

he Electrical and mechanical lousses in mobors and apoliances

Overall hydro-clectric efficiencies, which do 1ot tale into account
the last two of these losses, will run from very small values for crude in-
stallations to as high as 507 or 604 for carefully decirned and constructed
plants. More detailed information on what way be expected can be obtained
from appendix II, Transmission losses should bLe kept well under 5%, and
motors can be expected to have an efficiency of from 754 to S5%.

gi7e ol uenerating rlant Heouired

Generally speaiking, hydro-electric nlants wvhich will not deliver
at least 500 watts (appro:izimately one-half horsepower) at all scasons of the
year, will not he worth the investment necessary for their construction,
Very smail plants of this type, driving en automobile type of generator and
using a small automobile type storaso battery, can furnish enough cnergy for
a few lirhts and a radio. Plants which can furnish betwesn 500 and 1000
watts can supply enough energy for most of the necessavy lights In a small
farm home, and may even operate a {ow small appliances. One kilowatt

(10CO watts) will Lisht about 15 sixtv—watt lomos, or will operate an alec-
tric jron if nothing else is connecected at the same time. This power will
also operate a washing machine, a water punp, and most small household
appliances provided that not more than about 900 watts (because of trans—
mission losses) is connccted at any one time.
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These larger plants will furnish encrgy for these and siamilar
usos, in addition to thosc shown in figures 8 and 7.
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Installations which deliver 1,5 kilowatts or less should have a
storage battery, This means that sucl. vlants should be of the 32 vol? type
or less, for batteries used with higher voltage nlants are itco expensive to
be practical. Storage of encrgy can he done either in a pond or in a battery,
and sufficient storage capacity to handle daily fluctuations in power demand
will approximately double lUhe usefulness of an installation. Pond slorage
will require a dam, and a suitable reservoir area, of course; but it may
make possible an effective use of a 120 or o 240 volt rlant with its added
advantages. On the other hand, a storage battery is cuite expensive, and
will require occasional replacement, thus adding to orerating expense. A
32 volt plant will require larger wire for the troncuission lineg, auad
slishtly nore expensive appliances than will be necessary 10 Lhe nizher
voltaze can be used.

Two lzilowatbs supplied by the gencrabor vill orernte up to 1300
watts without any diffienlty. This meons that alnost sy leuschiold eppli-
ance, even including an clectric ircner (man-le) con be used, Electric
water heating will he possible if not more than 1500 watts cre used in the
heater clements. A refrissrator can ~lso be instnlled sofely on this size
of installation. Smnll robors can be used around the form, and there will
be plenty of power for pumping water and for lishting.

If an cleetrie roure is decired. at least 3 ldlowabts ~wst be
delivercd by the sencrator. Jwon this amount will not operite imch equip-
nent in additinn to the ronse 1f the oven or scvercl of the surface units
are on at one time. A battery is ususlly not procticrl in connection with
a range, because Lhe large capneity which would be required weuld moike its
cost. prohi’ ive.

Five lzilowntts will supply most of Lhe ordinnry clectricnl nceds
of an avercpe frrmstead. This will wvun smnll feed grinders, silege cutters
and blowers, wood saws, milking maciidnes, cte., and will nlso furnish ample
power for & ronge ~nd other houscheld appliances. Such an instnlln~tion, if
capable of delivering full capneity at n~ll times, 1s o very sntisfnctory one.
Larger instnllatlons cost less per unit of power capncitr, but unless there
is a definite demand for the additional power, they nre not rccomuended for
supplying ordinnry frrmstead power demands. Totnl costs are highler for the
larger sized equipment, and the additional capncity will not be any great
advantage unless thero is n definite demand for it.

Detoils of Hydro-Elcctric Plants

Good qunlity equipment is nccessary to convert the major part of
the mechnnical power derived {rom o wheel or turbince into elecectricnl cnergy.
This cquipment is guite cxpensive, but will pny for itsclf mony times over
in satisfactory operation,

The Gencrotor:

Generntors can usunlly be purchosed complete with full instructions
for their operntion and cnre. A.C. gener-tors rmst hove some special pro-
vision for supplying dircet current to their fiecld coils, and this is usuclly
donc by means of o small auxiliary generator (cnlled an cxeiter) mounted on
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the gencrator shaft or Ly mcans of a special sot of wiindings ylthin the
generator itsell, Also, these renerabors will require a special governor

on the driving turbine or vater wheel t- lewes bLhoeir sneed constant.  In
addition, tnere will bec a voltage re;miator Yo maintain a constant output
voltage. This regulator can be adjusi~d so that it will maintain a con-
stant voltase at some point near the Favm i ldines. Thus in ordering a
generator it will be necessary to indicabe the distones froa thie pover plaat
to the farm buildinss and bto show the types of electric equipnment which will
probably be used in each bullding.

D.C. menerators will probably be “eorponnd! wound, Generators of
this type can be so rcgulated that they will deliver constant voltage under
a wide variation of drivinz speeds, maling a governor unnecessary. They ran-
also be adjusted to hold the voltage constant at some point on the farmstecad,
without the need of a special regulator. ‘

Generators will require iittle atiention, bubt this 1litile they rust
have. hanufacturers! directions for lubrication must be followed Lo the
letter. All fuses must be properly installed and iell mainteined. Othorwise
a short circuit may burn out the generator. Generators must be lkept frec of
dust and dirt accumulation, and they should be located so that water can not
splash on them. In gonic casus it may be necessary to shield them with a
metal or wooden cover. Brushes will have to be replaced occesionzlly as they
wear dovm and begin to spark,  Replacement brushes should by ordoered from the
manufacturer, although most distributors of electrical supnlicg 2lso can fur-
nish them. In ordering brushes, always give all of the informuation on the
generator name-plate.

The Switchboard:

Usually the switchboard will be snppliel with the generator, Thais
board carries switches to control the electrienl circuits from the generator;
mebters to indicate the voltage and current; a rheostat for manual control of
the voltage output; a resulator, 1f one is necessary; and the maln fuses,
With sets where a battery is used, a battery switch is also provided. This
makes it poscible Tor the plant to charge the battery alone, or for the
battery alone to supply the main line, or Ior the battery to be connected
across the line,

The fuses on the switchboard should be of such size that they will
blow if the ;enerator 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 !:eep blowing, and no defect is found in the transmission
lines or in any connected equipment, it may be that too much equipuent is
being connected to the line, and then elther some of this load must be
removed, or the capacity of the water plant, senerator, and transmission
system be increased to care for it.

The Battery:

Small capacity plants will usually have a battery and this battery
should have good care at all times if it is to give masdmum service. }Manu-
facturers glve full directions in installation and care of babteriecs, but a
few of the more important reneral directions are listed as follows:
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Tnstall batteries in a clean, Ary place and in a well lighted room,
but do not allow direct sunlizht to fal! uin thow nor allow open flames near
them., Have the room well iwmlated a;ninst severe tonpnrwtwrn ran;en,
TC"‘L‘p-"TatUI‘GG |\|4-rh.ﬂ‘ than 95 desrees I'. are AL 1nrf al L!-uu' i low Lanperatures

do little damagv if the “dLery is ccpb well uharrnd Tie flour should Lo of
conerete and designed so that it can be kept clean casily.

The charge on the batteries must be watched closcly and not allowed
to get too low. Operation at low charge will ”ULLPlV damage bhatteries, and
is one of the primary causes of battery failurc. It is well to ive the
battery an overcharge about once every tiwo weelts to competely cxidize the
sulphate. At other times judicious use of energy will allow thc battery to
discharge about as much as it charges. For example, 1 it discharguc at the
rate of 5 amperes during heavy load, and averages this for a neriod of 3 hours
a day, there should be 3 hours during which it charges at about 5 anperes
(or a little over to nake up for iosses in the battery). A charge of 2r
ampercs for 6 hours will also replace this energr. In other words, the
amount of current multiplied by the lensth 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-liour day. Then about one day cvery two weeks the
amount of charge should be increased to two or more tiues normal.

Lead storaje batteries can eanily be btested for charge by means of
a hydrometer, following manufacturers! directions. A voltmeler should not be
used alone as it gives but little indication of the charge; and an ammeter,
if placed across the battery terminals, will quiclkly burn out., Battery
testers of course are satisfactory.

Good cuuality batterics, when well talien carc cf, have been knovm to
last ten years, or cven longer. However, if allowed to discharze so that they
"sulnhate", of if otherwise not carefully talkon care of, they can casily be
ruined in a short time.

Transmission Lines

Transmisaion lines should be built to last indefinitely. Sloppy
construction will cause oxccssive line losses, and will never be satisfactory.
Wire must be the proper size as indicated in table 4, otherwise proper voltage
cammot be delivered. Poles should be good quality, large and straight, and
should be properly treated with creosote or other wood preservative to insucre
long life. The line should be run as straight as possible, with all corners
well guyed or braced to substantial steel anohors or "decad men"., Insulators
should be of porcelain, or nyrex glass (not ordinary slass telephone line
insulators) designed for the line voltage which is used. Wires should be
tied to the insulators as shown in figure 13a. If it is necessary to "dead
end" the line on a pole, two crogs—amis should be used with wires fastened as
shown in figure 13c., All line wires can be bare, but all wires leading from
the pole line to buildings should be weatherproof covercd, and should be
connected to the bulldlna by means of pull-knobhs or service racks such as
shown in figure 13b and flUuPC 14. Short 1incs may use scrvice racks instead
of cross-arms if the voltage does not cxceed 250 volts. All wires hung on
service racks should be weathorproof covered.,
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FIGURE 13. UETAILS OF TRAISIISSION LIEE CO:USTRUCTLONM

- ,J._""r- i Sr ey e 3 ST TSI

Rl
Meuse '

Bra. xer - i LiGHT

|
ol
C A
"/'I
i -—Cunr
. \;i;'.l % Wi TCH
t v TRANCE [
Hray i |
Al
‘]. i‘. £ T B T LIS TS
i u
EnTnance 'Jl | L
{ onpurr | | LM
«% - Swirer
]
! ‘ ConvEniENCE
i J“‘"“ Oureer
; - o e e Ay E Ao
. 4 Service

b ans e

Swircn

. [
=T paefuss Pangd
|
i .,__J J,{ L. . ~Eurcmuc Rance

Ciacuwrr

‘....}.. -, ..'-.z..',' - .‘r:. B e v
N

. ' R

\ \.'- i

FIGURE 14. DETAILS OF ZNTRANCE TO A RESIDEICE

Protection from lipghtning is obtained by connecting a
ground rod to the neutral line directly below the entranae,

" ~




ST RNy

1

The sizes of wires widceh shonld be used in U nooission lines con
be debermined from table 4, croeadix IV, which gives Lhe meadium leagth ia
feet for any ol tine cortion wire sizes if an ercessive line loss is te be a-
voided. For instonce, if & 3 frilowett nlant is Lo be loc-ted 500 feet from
the farm builldings, No, 2 wirve will have to be used LT 120 velts are avail-
ahl,, but No. 8 will be satisfactory if the »lanl swonlics 240 velis. (These
sizes would also be satisfactory for lines over 60O feet long.)

Tae advice or help of an experienced linenan will bh invaluable in
the installation of a nermcnent, satisloclory transuission iline, Such a per-
son will also know how te obtain proner matericls, and the added service fron

e line will more than offset the cost of hils services.

Zntrances bo duildings:

Viere the wires enter the bulldinss suitoble "eatrinces" fust e
installed. hese should be either in conduit cr in service entrance cable,
Suitable service heads arc necessary at the npnzr end of either the conduit
or the cable. Rubber covered wirce at least as large as the line wire saould
extend fron this hera Tur enoush that a drin loop c¢nn b2 mode and the siire
fostened to ulie inconin~ lina wirces s sihovm in fisure 14. Thic conduit or
entrance erble leads directly bo the cnirance swriten and fuse blec!: 3naide
the buildirg. Oae of Liese switches should he rlaced in czen wired building,
and located so that it enn be opened ecasily in cose of fire.

Tyoes of Wiring:

Interior wiring is shceialized wor's and slhould be done by a compe-
tent clectrician. ILanroncrly instolled wiring offers nany hazerds fron fire
and clcetriec shock which can be entirely clininated b" arorer installation,
A1l wirin; should be done in accordonce vith the re~ulabions of the Hotional
Electric Code, for only in this wiyr econ 2ll denser from fnulty wiring be re-
moved. Also, it has been found that "Code" wirin: by a councbent electrician

little, if any morce cpensive than wors done Ly unsliilled vor'ers. la-
terials will cost apnroximebely the sams in either casce--in facl the olectri-
cal contractor con ususlly pass on valuable discounts if he -uts in Lho worke-
and beecause of his siill tho wgpericenced wiremsn eon usually wor': cnov-h fost-
cr than the unslilled woriter that he makes up Jor the diffcrence in wage rates.

Three types of wiring are gener-lly used in houscs and form build-
ings. These are: (1) "'nob and tube", usinz single rubber covercd conductors
mounted on porcelain insulators as shown in fisure 15; (2) armored cnble, us-
inz two rubber covered conductors inside of a fluxible stecl conduit as shovm
in figure 16; and (3) non-motallic shenthed canle, in which thic conductors arc
caclosed in a fibrous outer covering as shown in Tfisurc 17. In addition, it
is possible to usc conduit or M"& nwn-v'l1 tubinz" to hold the conductors, al-
thoush these ncthods are rore cipensive and thercfore nob widely used.

The sise of conductor used is very important; os conductors vhich
~re too suall vill use an wicessive amount of cnergy, nossible heatins badly
and forming a fire hnzard, and also causin-~ eruipacnt to omernte inefficicntly.
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Lo, OPEN KNOLD AND
TUBE WIRING IN A DARN.

The white wire is the
neutral line. This type of
wirtng is protected hy run-
nie 1t close to beimns and
Joists. Notice the additinn-
al protection (loom) where
the wire enters the outlet
box above the light.

Froure 160 ARMORED CARLE
WIRING IN A GRANARY.

Cable must be sceurely
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
finished  buildings  where
wiring  must be ¢

ishoed”
from outlet to outlet. Wir-
ing in damp locations
should be lead ecovered.




Tabla &, appendix TV, indicobes Lthe acninu sives of condietors Lo use vith
Aifferont oystoms and for varions marpeses,  Any celirenils fonsoor than 4G orp
50 feet should usc ot least one size larger than bthet iodicoiod,

Qutlcts and Swritchues:

Plenty of convenicnece oublcts should ke vrovided, Wiring regulations
reruire ot least two in theo iitchen, dining room, livinz room, or similar room,
cnd at lerst one in ench hallway and bedroom, At first this .ny scom too many,
but cxpericnec has shovn bthnt morce outlels than this arc usually nceded, and
thesze n~re much more expensive to install singly than al the tine the whole
house is beins wired. Barns and ontbuildings shonld alse have oluenty of out-
lets for all future necds. These must be of sulficient capacity to supply the
amount of current which will be drovm from thei. The number of cutlets will
depend to ~ great extent upon the power outrut of the plant., 3mall rnlants
cannot supply very many diffcrent aphlinnces, so of course it is necessary to
install only a fow outlets. lowever, the above recoramendations on number of
outlets should be apnlicd whenever more than 1.5 kilowabts are ovailable,

Wall switches are very important itons vwhich cre often overlooced
in plamuing wiring ingtallations. If thory are nol provided, it is neccssary
to turn 1lights off by means of a key or pull chain on the sockct or light fix-
turc. This jeol's the bulb o little, and anberinlly shortens its life,  Wall
switches vill pay lor Lhomsclves many times over in the lifcetine of an instal-
lation. In addition, they are so mueh more convendcent that no installation
should be made without then,  Three-vay ond four-vay switclics should be in-
stalled at each of the prineipal entrances Lo imnertant rooms such os itchen
nnd living reoom so that it is not necessary to stumble neross a dar!: room to
find a switch, Suitches should be provided on itchen outlets, and on Lhe
washing mochine outlet also. iiost sunll apdlicnces do not have switches on
them, and if they are turned on and off by inscrting ond pulling the nlus on
the extension cord, this quiclkily damages the receptacle contact and causes the
appliances to operate incfficiently. Switches are for convenience and for
providing good circuit contacts for a lon; life installation., They should be
used frecly 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., syrstems (6 to 40 volts). Because of the heavy currents, tlhese
svitcines should be the heaviest obtainsble and should never be less than 10
ampere capacit;.

Protection of Ilectricoal FEquipiaent

Two dangers cxdst in an cleclric eircuit. One is that too much
current wvill flow along o wire, cnusing it to heat, or crusing contacts to
hext so much that insulation is dameozed and possibly a Cire is started. The
other is that too high a voltage will be impressed on the lines as a result
of lightning or some other causc.

Fuses or circuit brealiers nrotect wiring from danaze by too larg
a current. They should thercfore be of the nroper size. Wiring code require-
ments are very specific upon both of thesc points and rust be followed il
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danger is to be avoided.

Danger from ligshtning i1s avoided by "groundin:" one wire. In direct
current systewms this is the nesative wire of two-wire systems, or the "central®
wire ol three-wire systems. In alteraating current tvo-wire systeas it can
be either wire. Grounding should be done at bthe power plant and azain at the
entrance to each building with a maxinum diension of 50 feet or more. It is
accomplished by extendins a wire No. 6 A.W.G. size or larger (refer to Maticnal
Electric Code for more detailed dircctions) from the linc wire dovmn the side
of thie building (it nced not be insulated in any waoy, bubt mcrely stanled to
the building). At the lower cond it is clasaned (not soldered) to a henvy
crounded rod.  This rod should not be saaller bhan onc-half inch diameter if
of comner, or it may be gnlvanized iron nine not less than threc-fourths inch
noriinal size, It should be driven into the ground a distonce of not less than
8 fcect, and should notl cittend above tlic greound. The clamn should be one an-
nroved for this purpose. If it is inmpossible Lo drive a suitable ground rod,

a copper plate four feet squarce or larger con be imbedded at lcast four fect
below the surfnce of the ground, or at least 40 f2et of bare copner wire, not
less than No. 4 A.V.G, size, could bo laid bacl: and forth alons a trench ten
feet lonz and four feet decp. Such buricd srounds should we covered with loam
(not clay) or fine sund to hold wobtar, and cnring dry senson should be wetted
down occ.sionally.

ALl wiring must be ncatly installoed and well rprotocted from damace.
Exposed wiring should nol be allowed in living quarters. Conccaled wirins or
wiring run in ncat metzl raceways is not much more cincnsive, looks much better
thon open wiring, and will be safe for o lonrer time., Non-metollic cable must
bc protected by zuard rails or conduit wvhen within rcach or whoere exposcd to
any hozards. Open wiring must litewise be protected,

I some carec is telen and an effort is nmade to obtain a satisfactory,
safe installation, rather than the choapest ons which will cause a lamo to
light, the clectriczl installation should sive nony years of good service with
little or no carc or attention. Such an installation, wrovidin: rcliable,
steady power from a well installed water power nlant, can bring comlort and
satisfaction vhich can hardly be realizcd in any otiier manner,
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APPEIIDIX I. SOHE DIV TTIONS

To discuss intelligeatly the vrineinles which rovee wator wheel
construction and oreration, it is neressary to understand tho cract peaning
of certain werds which arc corronly, but often loasely, vsed., Jorc of the
mere important of these are discussed heore brieflr so Lhat tihizre s Le no mis-
understanding of their meaning,

"Force" is renerally considered as ain action vhizh tends to cause an
object to move or te change its ﬂOLth, in other words teo snood up, slovr devin,
change its direction, cte. "Work" is done vhornever a force civsces an objuct
to wove. The distancce wviiieh the object moves, multinliod by tie ctroncih of
the force, ~ives thoe awaount of vorls doine. Sinc: distance 1s nsualdl neasurced
in fzet, and force in pounds, worll can be mcasior:d in ”fﬁof—pounl"", one foeot-
oound boing the amount of worl: donc whien a force of one wound novas an objicct
one fuet, For instance, a2 10-sallon con of wnter wiil aooih rou”hlj (ircluding
weizht of can) 110 pounds, or in other words, it vill tak: a iorce of 110
pounds to Lift the can. I a wan 1ifts this moount thice oot he will do
3 ¥ 110 or 330 {cet-mounds of work.

This can of water mayr now be huns frem a repe over a nulley in such
a way that when it desconds asnin it will Uift meorly s oun walht the sane
distance,  In other words, the ean of water has beeome canahic ot doin work
because work was dona on 1t whan the ran LiTte2 it to a hi b.r sosition. This
ability to rdo worl: is callad "enevgyh,

In the oxauaple just deseribed, Lhe can of wat. v lhod onersy becnusc
of its clevated nosition, This form is roferrced to as "motintialn® vncrgj.
Now 1f an objcct is mov1nu, it will tr'ie force Lo brias it to rest. Since both
the resisting force and biv, objeet will Lo aoving: witlle the objuct is : being
stonned, work 71ll be done,  In other vords, the moving body Lhad cnersy bocausce
of its motion. This fora is called "iinctic" enorry.  An object can also have
energy bocmuse of its intornal condition as in the casc of a comprossad spring,
or wator under nressure, or beenusce of its clectrical er chaaicrl condition,
or bseausc of other cerditions whieh ive it a enpaeity to do vorl, These forms
of energy can be changed onc into anothur, bul it must be Mept in mind that on-
srgy cannot be creatud out of nothing, and thot it is Luposcsilble to obt~in nmore
cnergy from cay trpe of machinery or cquipment than.was originelly available,
Oftea, howover, attenots hove boen made to do this very thing with wober power
cauipment, and of course the results have nlweys becn disnppointing.

Worls can be thousht of in another way now, for it renrcsents a change
in the form of ¢norpgy. Enersy and work can therceforc be meisured by meaas of
the same units, that is, in foot-pounds. It will Lo noticed that this neasurce-
ment does not talie into account the Line required Lo accanlish a siven wmount
of work, For cxanple, "~ mon ean de os much vork as o hors ¢"; but he must
take o lonzer time to do it,

Somctimes it is nceossory to mensurc bhic spood or "rate" ab vhich
work is done. This rate is cnlled "power" nad should not be confuscd with the
worlt itsclf or with cnorgy. The most commonly used unit of power, called the
"horscpower", represcnts 550 foot-Hounds of wor donc cach sccond. The Mwottit
or "kllOWﬂtt" (lOOO watts) are gonernlly usad ticn rofcrring to cluctrieal




WORK = FORCE x DISTANCE

FIGUREZ 18, A DZFINITION OF VIORK
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cquipment.  Thore are appeoxinatcely 745 uctts in one horseosser, mand thepe-
fore either of thesce units nay be converted into Lie other. One “itoveit, of
power used for one hour is called a "kilowatl-hour". Lilewise, a horscpower
used for one hour is a "horsupover-hour". These are ayain enorgy wnits sim-
ilar to the foot-pound, hut ol course veryr muen larger.

Water can be put te work in three differunt ways. First, it wuay do
worl: while falling, as over an overshol wuoter wheel, thus usins its notentiol
energys; or second, it way usc its Ninztic energy duc te its motion, by noving
through 2n underchol or current wheel, or by flowins tiron-h a nozzle into an
impulse wheel. A thicd way is to use the pressure which may be found at the
bottom of a standpipe or reservoir. This can bo uset ~lons with v xlocity, in
a turbine. If a given quantits of water is -ml to vork in any one of tI,d,
three ways, and i the distance of fall in i first ¢o5t is Lhe ssme as that
required to give the velocity in the cceand (with a froo £-11), aad if this
in turn is the same as the depth required te nroduecc Lhe loreasure in tne third

~s¢, it cnon be shown that thc work done will Le vhieercelicdly the same.  This
dopth or height of fall is called "h:ad", or socclinos "volocity head! or
"pressure head" to indicate the form of the corresponding cnergy. In any cosc,
the encrgy availlable in the wotor desends umon bhe herd and the ausunt or auan-
tity of water aveiloble ond upon thiesc two f"rfors 2lon+, Liltawisce, the avail-
cble power depends upon the hond and Lhe rote of Cflow wnich ean be obtrined,
A clenr understanding of thess points is cagentinl.




e g

— V-

APPENDIX II. DETZR TNATION CF ‘VAILATLT PCWIR

An aphrocimabion of Lhe develoned ;wwer which il b eovoeactod {roaon
AR

water pover planbt lo siven in table Ly which 1t Lo o oo b cone oube
vub from o flow of one cubic foot of water per second andzer vorious heads, and
with various types of wheels. In order to fing i noonnt A povaer which con

he exnccted from a givea installotion, sianly dultlwlg ti.e flow in sccona foct
by the factor found in the table omnos ite the ~iven effrebive bead for the
trae of whael and drive viich is ,Jhnnvi.

The Meffoebive" hond as used In the Labie s ?hc need cvedilatdle At
ghn‘unlggl, nol taliing into acceount any lesces Lhreush fluces, renciocis, hoad-
mbes, ete. In Lurb¢nu dovelacments with heons oo to 10 or 15 fect, 1t s ol-
ten possible to convey the water directly o the purbine with o very siort
flume or p€n¢tock of the type shovm in fisure 3. In this cise practlcelly all
of the head i3 effcetive. In a lon-er {lune, canal, or nenstock, Irom 5 ner
cent to 10 ner cent of the total available head will be luest Fa conducting the
water to the »lant. This lass siiould be corrccted for in estiantin? the rower
vinich can be deliverad by Lhe whaeel, In addition, necheniccl, cleelricel, and
other losgns which are not talen inte account 1n the table shoulu also rocelve
proper consid . ration.

In ease o riven sewer oubout ig odesired, ond bhe pecuives flow din
gsecond [fect must be calenlatad, Lhe sroocre faictor should be selacted frein
t-ble 1, and divided ialo Lhe ziven poser outrut, VFer cxamle, if o dircet
turbine drive is olanned, and the available "effectiva® hend s fiftesn font,
how ruch wober is needad Lo Mmreoish 5 Klovatl antrnt ~b Lhy ceouerstor?  Divide
5 by the fictor 0.7 found in the table opposite 15 ~ad in Lhe colurn headed
"Turbinu-dircet drive", and the angver is .58 or about 5.0 sccond feet of vioe-
ter required,

For nurvoses of dircct calﬂu“ation, tonle 2 mives cporowinntaly the
rance in efficiencies which ¢ n he cxoected rrow virious trics cf wnter vheels,
~and water power plants,

Table 3 sives the head in foot whied Gs couivalent Lo oy siven ve-
lacity. ThuOﬁ:nJL,lly, this hend of wobtor wil) wive o vileeiby ol the a2oount
indieated.  Actunllr o consid.rabls portion will Lo loct in pnlidng thoe change
fro1 wotential to ‘tinctic enorgr,.
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2.4 5 1.31
2.8
23 ”
3
A

Tho PO R b e e e

NOQCTWWMRD NN
AT M RN OO i

A0 2 1.89 1. 1,69
45 1 3. 7 2,2 : 11.39
50 4. 0 P2 . 2.1
75 1 6, 5.9 3.7 4 3.1
100 1 8. I ‘ ;.o :3
125 10, ‘ 6.2 g
150 112, 7.2 :
200 116.7 2.6 j i
300 i24. 1%.3 g !
400 132.2 13.9 ;
500 140.0 ' 123,60 ' !

Data for this table were compiled from smter flow Lables for muaerous corwiercial
wheels, and from design and cinerimental datn on houemnde wheels. They should
not be expected to [it any riven installation ciactly, bub siould sive a zood
indication of what may he exnected from commwercial wheels cr from well construct-
ed homemadc wheels,
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FICTENCIZS OF VATZR POTER PLANTS

| . e e e e e e e
i Trpe of wiccl ; Efficimmey of vriccl . OV\P 1l <14¢c¢\nbv oi" wheel,

: ' vower drive. ond gorers tOI‘
| —_ - WMTWMN_H-w_W__m“nhﬂ_um_,~-~,_m_m~__w
}Homcmadc current wheel : 109 to 407 750 to 303

Hoacnnde overshob whecl
|
i Comucreinl currcnt whoel

Corvacreinl overshol wh
Commereinl turbine
|

Dircet drive

Goar or belt drive

I
.Comu reinl l.yulto wheel

TADLS 3.--3

cmmewes e gmman m hmeme. temwe et imaim 8 weemeasse e

i Veloclity f

| ft./sce. b

e e . e amaeme 4% e ke i e

MO SWNE O

1

(8]

o
[Ny

!
!

#These v~lucs do

cel

not

LI TVALS

0.0 T o C.L 0.5 0.8
A U L S SIS LYV S CLY S NN L1 S

0.0000
O.()].55
0.0622

0. l\np
Q.2486
0, 3885
0.5594
0.7614
0.99,5
l.sﬁﬂé
1.5539
1.8802
2 ?3/6

t’..‘-
i¢)
RPN

20% Lo 70% 150 bo 508

207 to 50% : 1070 be 357
503 to 807 : 305 to GUR
607 to 85 § |
§ 455 e 05
§ 30% to 65%
Aoﬂ Le S0% 455 to T0m ;
2T UZAD3 FOR GIVIH VILCCTITIZSH

cmm mm e cmmaniiis e s aeeem e e e eeAme St - S A - bt o it — —— e ——————

dhuLVWLcnt Hx~i in feot q

+ 0.0006
C0.0224

0.0752
L0.1591
C0.2741
0.4201
0.5973
0.8055
1.0448 -
. 1.3151
¢ 1.6165

G.0025

0.0308
0.0895 |
O . 1796
L. 3008
0.463)
0.6264
0.8508
1.0964
1.3729

1.6806

0.0056
0.0305
D 1())3

0.2013
: O.BQS?

0.0099
0.0503
0.1218
0.2243
0.3580
0.5227
0.'7185
0.9453
1.2033
1.4523
1.812A

0.4572
0.6768
0.8975
1.1492 ¢
1.4320
1.7A59

Y L T

' l O!p()l . ? 01 ‘)1; ke O(, \)9 2 . 1636
' -... )] 2“ : ’SPQJ’ r...A()éo u. )458
inte ~ceount, Triction o ouicr lossaes.

IR e 2

AR T s
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AFPENDIX ILT. SUERY AND CLER LOSUTS

P

Whenever vnter i put Lo worly, =~nd Lhe oier s vhich i pelecsed is
convorbed frow one forn into anolher, sone of Lo Lot l wveiiaole ~nersr will
be lost.  Some of Uhese losoes are un:vold-bie, but 2ll rust Le et as ganll
&s rossivle, for othervise they mny dissipabe o mjor zart of the water crorgy
which is avoileble,  The wore laportaint scurces of cner - loss, which will be
found in wosl vmber power nlanta, ara:

1. Loss of hend in delivering woter to the vheel,

| |
2. Loss of wnler Uhrou.in Leskinee of eranls. [lumas, or lenbin o
wilhin the vioel,
3. Loas of hexd in removing wator Cron Lh: vicinit s of Lhe wheel,
| 4o Loss due to impaet with sud friction in rnssing throush or

L

over tiue buckebz, rumers, or Lliudes,

5. Loss duc te Lurbulence or epl-shiny crusod by disturbing the
strewl flew Ia passing tirough Ui wheel or Lurbipe,

6. Mechonie 1 losces due to friction in the bearing, vind re-
sistrnee, ole,

Sone enrefully built wator vieels sid turbincs have been able bo keep
the tot~l of those losses nu low ~s 10 por ceid of Lhe nvnilable cnergy.  In
other words, "eflicicneins" ~s5 high as 00 p2r cent o pore have been ~tteoined,
but such c~ses ~re unusunl,  Ordineriiv Lhe best offocioncics obt~ia~ble on
! direct drives from the whecls or turbinss will be belwesn 756 per cent and €5
| per cent, winile 50 per cont to 60 per cant will be mors covwon where homenr.de
cquipnent is used.
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TAELT 5.--LINTIU WTLS S17:8 FOR FLICTRIC CILCUITS

Aphroximnte ; inimum size of vire to ase for:
: voltage ‘%hntranc-;% Intrance: Branch ., 3mall |, lcotors ciotors ) Dlectiric
: at t to ¢ Lo oub- 'LJTCU"LU' rotors @ L hine 0 3 hin, ; ranEe

rlant v house  hudldings; 5 1 b, ;Lo 3 hu.:to 5 hp. . circuit

I ; f : or less: . : !

L e e e e T- B T I e S R T
‘& v. D.C. T 0 S L O
| : : ! . : : .
.35-38 v. D.C., 6 b .10 L0 Lo 60 - 1 L
: ! ! : ' . : : i
' 5 ' : : : : : f '
120- 12) V. | 60 : e : 12d ' J;’p : 5 . ‘:) . — l
'D.C. or A.C. | ; . : : : :
‘ ‘ ; : . : ‘ . !
' - ! : E : * : x
‘l ..5 ana 2.50 V. ,\e : " : l_"d . Y ; ‘f : Ry ' 6g 1
'D.C. or A.C., < : - R w 3— '

*Entrance shouwld in no case be sualler bhan U 1orocest elireuit in
the building

’. a 3

“Motors lavsor than 1/4 hpo ~re nol rocticl on this voltoe,

bl/'/+ hp. - Mo, 10; 1/2 hp, - lo. 103 274 hn. - o, &5 2 hp. - Lo, 6.

c . .
Plantc of less than 1.5 kw. canrccily can use Ho. § eitrance.

d .
Noo 14 is allowed for sitwort broncles Lo 13, hting leads. oo 12 sheonld

be usad on all anpliance bronch circuits.

“Three No. 6 conductors. Wnera lant has canacity of 5 lav. or more,

Al

three No. 4 or larrer wire should ba used.

f
These motors oper-ta on 230-240 volbs,

ETwe No. 6 and onc lo. 8 are sowetimes nsed.




