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Thie fast flowing wountaln streaws, cree's, aad riverz, fouwnd in
mosl gseetions ol Monbana, wrovide nucrons anpartanibics for Lhe installatien
of small water poeger uvlanbts.  Albterpls jnve bosnoied Lo dovelon nasy ol Lhiese
power sives, but for one reacon or anclher man; have hem alaadoacd.  Tith
increasing use of fasoline nidd eloctric power, howevor, there is an increascel
intnrest in these sources o nower suptly, marbiedar!y in those localitios
vhere the buildine of elechiic powver Jines will aof b viaecticnl.

very satisfactory, and many have given good seivice lJor longs periods of

i

Small water povrer installations, vhen nroserl; dovelonzd, caa b
¥
7

Such installations are real assets, and well worth Lo accessary Lime, effory,
and expense. ilowever, the cdesign and installation of a succescful nlant is
not always an easy ta'k. I 1L is ot corefully nlinned it causob be eijneted
to give satisfactory resulbs, I naceshifts ‘qﬂl;nOE, Lo uved, or if equient
is lmoroperly or carclessly installed, thore 1o a zood rossinility that the
developnient will be o discurmointment, if nct a cemnlote falluve, KNosl of the
plants which have been only pavtially suceessful, or vhich have been abenlened
envirely, have had one or more of the Iollowire fiulbs: (1) the vater pouar
aveilable in the slreaa was not sufficionts (h) the nlant wasted too nmceh of
the available nowar; (3) power was not. deuondahlﬂ besause (a) the water sunply
became inadequate during lovr water scesons, or (L) because the wlant did not
operate satisfactorily; (4) the couinent wore out before it had paid for
itsclfy or (5) the ecuivment was dama;red oxr pub out of comuission by floods
or other unusual cond1t¢ons.

A carcful preliminary survey is nccessary to determine whotier or

not the nlant will develop enough nower to be ccononically worth while, A
coriparison with other forus of power supnly ust be naede in order that the
least expensive kind will be secured. Comnlebe nlans avd designs for all
parts of the plant and connected equinment siould be made and checked care-
fully before any installalion is undurtalien or very much mensy or Lime is
invested. In this way satisfactory results from sny eifort or investment
will be assurad. Careful Adesim and installotion will e nower losscs at
a minimus, and make the development as useful as possibla. The cost of cquip-
ment, whick is usually one of the major expoNnse Jt‘ﬂs, can be hkept dovm by
(1) judicious use of homomade (but not makas hift)} cquipment; (2) proper

gelaction of power site, type of couipment u usacd, method of power Lransmission,
cte.; and (3) effective use of Favoravic naburol condiblions,

Informaticn siven hore is intended to be helnful in the IOy
desim, seclectlon, and installation of small wabcr pover cquipnent. Dirceections
and specifications z2re included Lor the construction of gore tyres of dans
and watcer controls which arc practical for usc with wabor pover plants,
Information is alse included on the installation of qmalL hydro~cleetric
plants, as these prov1dc one of the best mothods of harnessing water power for
general farm use, It is ho»ed that this informalion 1111 assist in thb




rehabilitation of many pover siles nou sbhavdenad or el onepeating satlalne-
torily, and that it will also help in ihe QchlopMLnL ?f new sitos in these
locabions mhore such develonment is cconomically practicable,

PART I. PLANKIIUG A SHALL WATZR POWZR FLANT

The irportance of carefully made, complctc prclimiaary plans camnot
be over-amphasized. All faclors rust be given proper consideration il the
instaliation is to be successful, Hany of thesce factors arc tcclinical in
nature, and thercfore, if possible, it is well te consult an cngineer or
other person oxperienced in the installation of witer power eouipment.
Ham:facturers of water nover cauipinent ofton have eagincors available, awd
arc usually willing te give as much acsistance as they cane  Othor reliable
sources of information and heln should olso bo used to the fullest extent,

Plunming is best done in two steps. First, 2 prcelinidnary survey
should be made to deteraine the feasibility of the project., This survey
should answer the folloving questions:

1. How nmuch water power is available? Is there cnough to malke
a develonmont worth wille? WAll it be depoendzble or will
it be nceessary to provido for daily or scasonal fluctuations
of supnly or of demand for the power? ilow will very dry
scasons affuct thesc considerations?

2. How mucih powor is naoded? Will the vater svailable satisfy
the power demands of the farmstead, or will it be necessary
to have awdliary power for port or all of the time? How
can the potror be usced so thet it will be of greatest service?

3. Will the oxpense of the ingtallation be worth while? Will
anstruction of the plant provide a worth whilz woy of using
"spare? time? Can power be secured more cheaply in some
othor manncr. Is there a probability that this installation
will ropny the investment in mnterials and lsbor, and do so
wvithin 2 reasonzble noriod of tine?

Sceond, if the results of this survey show that the project is feas~
ible, detailcd designs and plans should be mnde as follows:

1, Survey the site, locating povwer housc, dams, conals,
tailrace, cte.

2, Scleect the type of wnkor wheel vhieh vill be the most
satisfrctory.

3« Deecide on the most suitable methed of power trancmissioi,

4o Desizm the dam, tho wheel and the povier house, drew 2
aicgram of all clectric tronanission ond building wiring,
or if dircet drive is used, sketch the arrangement of all
driven cquipment, line sheafts, belts, gears, etc. Plan
all other pertinent detnils carcfully ond mnlic an estimate
of the total cost.
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The Prelininary Svrvey

Determining the Powver Available;

The amount of power available {for develoumoni dejscids unon two
factors: (1) the "head", which is the total amcunt of fall available
(usmally measured in feet), and (2) the normal rale of o, whiel is usually
measured in cubic feebt per second (Msecond-Test™), A rate of flow of one
second-foot writh a head of ten {ect will thecretically develon ag.roximalely
one horsepower,® This gives a rule of thuwmb wethod for ma'idns a quicl: estimate
of the power available: rnwltiply the rate of ITlowr in second feel by the net
available free fall or head in feert, and divide by 10 to cutain roushly tue
theoretical horsepower. The amount of wowcer which can actually be developed
will Le from one-third to three-fourths this valuc, derending upon the
efficiency of equivment used. If the wolocity of the stream in feet per
second is lnown, the equivalent head in fect can be found from table 3 in
appendix II, !

In case the available power 1s desired in terms of ldlewatts instead
of hovrgepower, oue horserowsr 1s enqual bo appreddmabely three-fourths of
Filewatt, Therefore, theorclical power available in hilowattz Ls about three-
fourth:: that ia terus ol horsenower, 3ince sorme power will he lost in
gencration of electrical energy (which is usually considered wlien the torn
Mrilowatt®" 15 used), the numbor of kilowabis available [rom a development can
usually be taken at about half the nuniber of horsenower determined according
to the abkove rules.

Tables for maizdng closer sstimates of the power which can be
aelivered in useiul form, when the head and vate ¢f flow are knovn, are ~iven
in appendix IX, In case this power will bs inaderuatce, an insreese in the
amount, of powor available may be obtained by: (1) creating a pond which will
store yater throuch periods ol light powar derond to suprly additional fiow
when the domaad is heavr, (2) increasing the head by (a) building a hirsher
dam, or (L) by divertiags wator farther upstrear, and (3) deercasing losses
anc wasted water by sore ecarefml design and constructlon of canals, flumcs,
ard etaer cquipment, One or nore of these mothods nmust be uscd to improve
or rchabilitate onisting mower plants in order to incrocse their output,

. ®Actually Lhe theercbical vpower available frew Lon feck-sceond—feet is
1,135 horsepswer. However, sinec the amount whien +il1l be lost in develop—
ment is very Liard to cscimate, this rule of thumb is close cnough for this
purpese.  In cuse thie flow in Mortann minerts inches 1s lmowm, this should

be divided by 42 to oblzain the flow in sceond—icot.
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Defore the head can be estimate! it is necessary te determine the
nrobable location of the power plant, to decide what kind of dam which will
L2 used, and to select its apwroximate location, It may be [ossible 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, Instead 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 make possible better
contrcl of the flow of water to the plant. This often maltes possible, in
turn, the use of larger capacity e:quipment, and the pond may help materially
during periods of low water flow.

In considering a storage pond, it is usually not wise to provide
for more than daily or weekly [luctuations in water level. Seasonal storage
will require o mere expensive dam and 2 larzer stergge arcas  Thege may be
valuable for other than power purwvoses, howcver,

After the water level at the dam hos been determined, the point
downstrean wherc the plant probably will be lecated should be decided upon.
The vertical distanece between the surfoce of the wabter beck of the dem, and
ithe surfoce of the stream at the plant site will be the ftotal head aveiloble
(sce figure 1). An engincer's level, or for short horizontal distances a
carpenter's leovel, can be usced to determine this height.

If a velocity meter is not avallable, the velocity of a stream can
be 2stimated by measuring a fixed distance of any length from 50 to 200 fect
along a portion of the strecom where the bed is of uniform depth and zrade
{see figure 2). Opposite the upper mark, throw in a handful of chips or
laaves, Determine as accurately as possible--using a stop watch if one is
available--the length of time it takes until the center of this cluster of
chips or leaves passes the lower mark, Determine this several times, and
then talke the avernje. Use four-lfifths of this average value to obtain the
approitimate velocity of moderately sized streans (usually calculated in terms
of feet ner second)}.

_ The rate of flow should bLe determinad fo» all seasons of the year,
It is particularly important that the least flow which ordinarily can be
expectod be determined, for this will become a limiting factor in planning
uses to which the power will be put. This low flow imst provide sufficient
povier to operate any equipment which may be uscd at that scason of year
during which it occurs, Otherwise an auxiliary power supply will be nec-
essary, Possible flood conditions should alse be anticipated and considered
so that provision can be made to prevent damage to the plant during flood
geasons, If a pond or other storage rcservoir is to be used, it will be
well to know also the total run-off for the yoar. Often it may be desirable
to make a survey of the entire drainage basin of the stream to male sure
that sufficient water will Le available. Too sueh stress cannot be given
this important polnt, for one of the primary canses of disappointment with
small water power plants is their failurc to provide adequate power through-~
out the ycar,




FIGURE 2. MEASURING VELOCITY OF A STRzAL
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The most sabisfactory methol to obtain this data iz to snstall
some form of a welir in the stream. This will wake possible the talking of
readlnes over a Jong period of Lime, and such readine ave esseatial A0 con-
plete information ou the strcam flow is Lo be secured. 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 feet, and multiplied by
the velocity in fect peor second, the rate of flow in sccond-fect is deter-
minced. Cross—sectional area can be found by Laldng sevoral measurcements of
the depth of the stream at uniformly spaced points across tie strean,
averaging these, and multiplying by the width of the stream at that poinrt.

Planning for Use of Power:

If a power plant in to be successful, it rmust be able to supply
power for saime useful purrose around the farmstead. 0ftcn a definite pover
demand exists before the plant is considered, and it is important to know .
beforehand that the pronosed plant can ncet this demand satisfactorily. Also,
as soon as power ig available, additional demands may be made on it, and the
most satisfactory plant will be -hu one which can meet not only present, but
future demands ns well, In any case, the linitations of a propoged plant
should be known before any investrment is made. Only in this woy can results
be satisfactory. For these reagsons it is vory important that the uses to
which the availablo nower is to be put be ecarefully planned in advance, Some
contemplaled used may have to be abandened. Provision mey have to be iiade to
secure addicional pewer, or means may have te be provided to supply auxiliary
power. All of these factorn should be considered bafore the plant is bailt,
rather than alterward, for in this wiy a well balanced farm nower unit can bo
developed,

Water power installations, from the very smallest to the larzest,
can be uzed for pumplng water for the houcchold or for irrigation. Very small
water wheels can drive small dircet connccted punns to deliver necessary water
for houschold use, while large irrigation pumps requirc saveral horsenower, or
oven several hundrod in some cases. Wheols which will deliver less than one-
half horsepowor will not bo vory practical cicept for driving smnll water
pumps, grindstones, small mills, or they may be connccted to drive a small
generator, and in eonjunction with o storage bettery furnish a fow lights and
power for o radio. Larger power outputs can roadily be put to mony types of
uses around the farmstesd, particularly when clectrical tronsmission is used
to deliver the powor whore it can be used the most conveniently (sce figures
10, 11 and 12}, '

Considerations in Estimating the Cost of & Woter Power Instollaticn:

Ench development has so many individurl problems and conditions that
it is nceessary to have plans for a spocific project feirly complote before
any cstimte of probable cost cainn be made. A rough preliminary estimate
should be made, however, in order that the feasibility of the project can be
determined before too smch 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 cquipment is used,

2. Whether or nol spare time labor i3 availible, (A rroject
of this nature may provide a valuabl. use for zpare iime.)

3. Avcilable head, type of dam, preparation nceessary for
storase area, length of canal recquired, type of water
wheel or turbineo which will be neccssary, method of power
transmizslon to be used, distance of nower site from farm
buildings, and related factors.

4o Construction difficultics, cost of materials, and related
factors.

o overlock or neglect important costs
Any of the follov1ng itens may

There is us uallv a tandency

L}
gnter into the cost of a com;lcte iﬁst?ll’ui‘ﬁ, and should be ziven proper
consideration:

1. Dam, spillway, headgates, ctc,

2, Canal, llumes, penstock, cte.

3. Control vaives or gates, weed racls, cte.

4e Tailrarce,

5. Water whoel or turbine, with suitablc mounting, bearings, etec.

6. Governor,

e Gearing, pullers, or other speed changzing mechanism.

8. Generator, line shaft, or other means of power transmission.
If electrical transm1351on is used there noy be the follow-
ing to consider.

a. Dattery, switchboard, meters, regulator,
tronsmission line to buildings, poles,
crogs<arms, insulators, line wire, guy
wires, anchors, grounds, etc.

b, Wiring in houses and outbuildings,

¢., lHeters, electric appliances, and lighting
fixtures.

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

10. A suitable building to house the water wheel, and generating
or transmission ecquipment.,
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frioabion off the Power Git-

In making the vrelindnary suever, a probaiv:le lecaliocn For the
power site has been selected, If the preliminary consitoralicns have
indicat2d that the project will be werth while, a firad survey and desion
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. Peonstocks, flumes, or canals should Le as dircet and short as
pessible. Also the method of power transmission to be used rmust be %opt in
mind. A direct-driven puisp must, of course, have the wheel noar the soures
of water which will be pumred, Direct drives to far.. equipment =ill Lo
possible only it tie wheel can be located very ncar ihe farm buildings, If
electrical transmission is used, larger wire and higher voltages will be
required to iransmit power any distance. Thus if a site willl a satisfactors
head ean be located near the farm buildingz, this should be done. Othuiruise,
the cost of a caral, etc., must be balanced against the cost of addition:l
transmission iine until an arrangement is found where the total cost wili be
at a2 minirmum,

selocliyy the Type of Walew Uhesl

Power can be developed from lov heads if a larre quant- ity of water
is available. The tigher the head, Lhe stallar the fiow recuired, and in
gencral the less expensive the equivnient for a given power outeut,  Vith
different heads and rates of flow, differcnt tywes of wheels arce nzeded,

The four gencral types 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. jhcels are
degigned to opcrate under heads and with specds which approximate those
indicated below:

| Total head Type of wheel Specd in R.F.M.%
S S - i . —
0.5 ft, to 4 £t, Current wheel C.2 to 20 rpm
3 It. to 30 ft, Overshot wheel 5 to 40 rom
3 ft.‘to 80 It, Turbines 100 to 3000 rpm
15 ft. to 1000 fy. | Impulse wheel 100 t» 3500 rpm

*Revolutions per minuto

Current Wheels (see figure 4):

These wheels can he operated with very low heads.  They are falrly
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 s»eed cquipnent,
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Advantapes: l, May be quite casily homemade,
2. Usable on very low héads.
3. Renuire a very 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.
Se Very low efficiency.
6, Difficult to wount, as they must be raised

and lowered with variations in stream level,

Overshot Wheels (see cover illustration):

These are good all~purpose wheels for small power installations.
If installed with reasonable care, they will operate with hish efficliency
under a wide ran-te of operating conditions, They are not casily damaged by
debris, and if properly eonstructed and housed should not give trouble from
freezing, In general they will require bLut little attention. Their speed
is so slow that gcars 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. PFairly 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 makes wear on buckets and bearings
negligible.

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

Disadvantages: 1. Slow speed is poor for electrical purposes,

2. Often the large sise necessary malies
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 cfiiciency decrecascs sharply.




Figure 4. A CURKENT WHEXL WITH DUCKETS FOR LIFTING
WATIFI.

Figare 5. AN IMPULSE WHEEL

This wheel was made in Lhe enginecring departiment 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 operalion.
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Tarbines (see Cigures 3 and 6):

Turbines are of two general Lypes: the roaction, wsing a Franeis
rurner; and the propellerv, using a serew blade,  Doth work natisfnetorily,
bub in general the propeller Lype will work boeller For low heads (7 Tecl Lo
12 feet)., The nroneller type gives a little fuster speed, which often nakes
possible a direct drive to the generator where a belt or poar drive would be
required with a Francis type of rummer, Use of the screw blade ales possi-
ble a lighter, and therelorc a slightly less expensive, Lurbine,  lowever,
it does not, 1n peneral, bave Lhe ruggedness of the reaction bype, and ig
not recommended for the hoavier power installatioas where the head is
sufticient to use the reaction type. Most manufacturers supply both types

of turbines and will advise which is the bast for any particular installation,
Advantages: 1, Good efficiency under varying load conditions,

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

3. Little danger from f{reezing.
2 (A
Le Can use a ;jovernor affectively.

5. Entire undit can be sell-contained and very
compacl.

Disadvantages: L. Cannot De homenade casily.
2, Comparatively cxponsive.
3, Often wear badly and replacemenls are cipciisive

L. Governor is expensive.

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

Impulse Wheols {see figure 5):

These are usually used for high hcods where most of the energy will
be in kinetic form., They must be carefully made to insure good efliclency,
so homemade types are not rccommended, Governing is accomplished by means of
a necdle valve in the nozzle. They are ruch smaller, and lighter, for a
given capacity than the turbines, primarily because of the higher head and
correspondingly smaller volume of water handled, However, the {iner workman—
shiE necessary about offsets any difference thore might otiterwisce be in their
cost,

Advantagues: 1. (Good cificicney when preperly installed with
hizh heads.
2. High spced malies direct drive of gencrator

possible,

3. Comparatively small quantitics of water nceded.

R
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Disadvantares: 1. Cainot e hovemade eanily.

r
-

Recquire an accurale wnzle and carcfully
rade cuns,

3. Require carclfully rdesigned penstock, makineg
total installation epensive for smail sises,

L. Splash badly and are very incllicient il not
carefully adjusted and accurately gpoverned.

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

No estimates of the costs of wheels can be given, because this cost
will vary with the head, power outpul, sltyle. and nany olher Tactors. It is
suprested that quotations be secured froaw the marmufacturer on the type and

Lar

style of wheel best suited [or the installation contemplated.

Mclthoda of Power Transmission

Hlectrical transmission of power has hecome so counrmion that the
nossibilities of direct drives from water wheels arc often overlooled.
Direct drives eliminate energy losses throush a renerator, transmission line,
and motor, and if they do not require complicated gearing or lire shalts,
often make nossible the use of very amall power oubkpubs which cannot be
develoned economically in any cther way,

Perhaps the most common use for a direct drive is for pumping vater,
Current wheels are often arranged with buckets in their rims to raise water
from the stream. Chain punps consisting of buckets arranged on a continuous
chain, also work well when driven froin slow speed current or overshol wheels,
but are very low in efficiency. Reciprocating pumns connected by neans of a
crank or through a draft wire also wark well with these wheels, Centrifugal
" or impeller type pumps should be driven from turbines or impulse wheels, for
it is difficult to obtain the high speed necessary to drive these punps from
slow speed water wheels without losing a large portion of the available power.

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

Unless nost of the power output of a whecl can be used through sone
simple, convenicnt type of direct drive, however, cleectrical transmission is
recomnended, as it maltes possible the use of nower ab any convenient point
around the farmstead, and to a greator extent, at any convenient time. Semi-
portable equipment can be used, such as vacuun cleaners, farm motors, ete.,

and it is also possible to use this form of enerpy directly in the form of
heat or light,

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

L
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more expensive than ordinavy weliing. Geors awd chada delves are adso very
efficient, but likewise are cuibe expongive, With overu ol whesls a sinzle
jack shaft will wsunll; give satisfactory results. Current wheels mayr roquire
a second shaft, though nsially their soced is Leo slow bo nale a drive Lo an
electric generator practical. Tarbines can oflen be cilrcet-conuesicd, o ub
most need but a single zet of ears or a bhell, TInpulse wheocls are usually
conriected directly to the colecirie gencrator,

Flectrical energy may be generatoed and treonsuitied as elther alber-
nating current (A.C), or Jdirect current (D.C.). Residential supply for citizs
and towms iz ugnally A.C. ond itierefore couipment for use on Lhls iype of
surnly is easily avallable. Alternating curreni used with *r'"“formors Ly
Le transmitted for long distances. On the c¢lber hand, genceirating: eouinaont
for this form is nwre expensive than for D.C. and the gonerctor pust be driven
at a very steady sp“wd This requires the use of an wperaive covirnor on
turbines and impulse wheels, and makes it laeraclie X Lo wously allernaling
current from overshot or current whecls. On the obher hand, dircel curvent
generators are comparatively sinple, and can be casily econtiolled.  Progor
design makes possible a constant veltage sun ly under widely varying driving
specds, and this malkes a governor winecessary. There Toris of encrgy will
usually bo available in diffarent voltagos as listed bolow:

Voltano Voltare ati - ; : o |
|_at ﬂ-mt _budddings! A‘.lfl.f‘_t"“e" b Dasadvanbages
Vv V. ;Gcnv"LLnr asily obtad i DV Tew canaeily,
or or cable from oll autemoibiles, | acquie o larme tLrans-
16 v. 12 v, Standary gar_bqtbop_.qud_“f“41551un virese
L.C. B.C, 'h.ﬂc iR ded for plants of less than 500 1('11 L cavacily, .
T T T Gan be used u;th sterage  Regndraes special lamp Lulbs
36-32 v, 30-35 v, ‘hattery., Generating ang : nnd ap;llanceo. Reaquires
D.C. D.C, recontrol equipment ds low * large wires and cannot be 5
(2 wire) '1nhggﬂﬂﬂratavc cost, _-”-_"w:_ygap:j}ﬁtfj.YQQK_igA, ...........

s tecommended for hlanto from Q.5 My, to 1 5 Te_SlZ8.

‘May use standard Llaap - Ticeds special motor and
120-125v, 110-120v, :bulbs and smaller heatins | radio sets. Cannot be used
D.C, D.C. Eapplianccs. Battery mayr » with transformers. Not
(2 wire) be used, but is too cxpen~ | practical for capacities of
:uva to be roconmcndyg._”._E_ppru than about 2 lew. ...

Necormerded for vlanls of 1 fw. and & G capaciby
where tronsmission distances ore nob over 500 Teet, .

T Use standard Iap 0 T Héeds soecial [ Tiotors and

125-250v, 120-240v. :bulbs and heating appli- - radio sels designed for

b.C. D.C. ‘ances. Uses coaparatively @ this t"ﬂe of power supplyr,
(3 vire) iinexpensive generating i Cammot Le used with small
Iebuipment which does not ' transformers for toy trains,
require a governor. ' door nells, ete,
T T SEandard saprly. ThurulorL”" (fenevabing equipment is
125~250v.  120-240v, lapnliances and comiprent » relatively expensive.
A.C. A.C. ‘easily obtaineble. lay be @ Rocuires use of a senaitive
(2 or 3 ‘Lransformed and trans- E and therefore relatively
wire) mitted long distances. . exensive gavernor. ...

‘Recommnendad for largaor nlants (5 'ar. or more) and for
:plants which will supply ore thon one fa 1st“ad.




2

oy and Desiym Dabn Fou Complobe Plank

The maps and nlans need not be e].'ﬂ:orm e, but tliey shonld be com—
plete in all details. Too much informaticn is boel 1 o than nob enowi, In
general, the finished plang should inciudes

1. A map of the dam, strewmn, canal, flwiss, penstorck, tallrace, etc,

2. A cross-section of the dam and spillway, with other can-
struction daba,

3, Plans of head race or penstock, shawins trash rack, watoer
controls, and sinilar featuras (gee fimre 6),

L. Plans of the waler vheel or turbine installation, showing
nounting, delivory of wabter to the wheol, governor conbrol,
and other details.

5. Diasram of wiring system complete for cach bullding, similar
to the plan shovm in figmre ';’, showing loeabion off all ont-

leta, branch circuits, ebe,

-—

6, A plan of the farmsteud showing all disbances to and belween

builldings.

Chooking Finlohed Plang

If it has not been nossible to congult an enginear in naidng the
prelm.mary survey and plans, one should be cirjamed to check over the finished
plans and make criticisms and any chnnges vihich nmay e necessary. If a
commercial wheel is uscd, the company furnishiag the wheel will be zlad to
have their engincering department do this, as tlioy will require most or all

of this inforsation before they can make an intellisenb sugpestion as to

type and size of wheel or turbine necessary. In ndcl:Li ion to these plana, it
will be well to include the following dota when recuesting information from

a water vheel menufacturer:

1, Measuremant of head and descriplion of how it wns taken,

2. Mecoasurcient of maximwn and minimun volume of flow with
dimensions of weir or cthor informntion on how measure-~
ment wos node,

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

4he Informotion conceriaing any vaober nower eruinment which
moyr be on hand.

5. Anr other information which may be useful,
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FIGURE 6. A DZVZLOCTD POER SITE

SHCVTHE AZLATISUSHIP OF VARIOUS PuR
OF A MIDRO-ELECTRIC INSTAILATION

N WIRING SYMBOLS
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I
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FIGURE 7. A HOUST UIRING PLAN

This nced not include a wiring diagram, but
should show the location of all outlets,
fixtures, switehes, and oticr enquinnent vaich
will be permancntly atiached hto tiic viring
systenm,
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PART IT. DAMS AND WATER CONTECL.

|

|

| A dam, In nmost coses, is not necded for a ourivont whoel, sinee

| control is effecled by raising or lowerin, the whcel Lo conform to the level
of the waber in the strram, 1In otlier cases, vhen the heel - installed in
; a fluame, control is accomnlishied by means of a low ... uroici dae Luilt of

i loose rocl, o by a rwmber of rilos driven into the str-aiibed to vhich a

heav, nlani: ry be ai.ed.

For @11 other types of water whecls o dar 15 needed [er Lhe
diversion audd conbrel of the waber. Onl: o Uricel veceriphion is »iven here
of the construcbion of diffevont 4, spos of dans.

Ther e are Lwo marn purposes for walen dars are nshally constricteds
Mirst, tor Lhe Lepounding or storage of water, ng in a reservoir; second,
fer the diversion of all or a part of the flow of a strean,

The first type of dam must he desisned to withstand considerable
pressure, since it alwoys invoives raising of the water surface to a con-
sideablc height, To withstand pressure, the dam rmst be securely anchored
to ius Toundation to nrovent siiding dovmetrean duc Lo the Sressure from
the water impounded on the upstream side. It rmast alszo have suificicont
weight 4> withstand both sliding and overturiing, In addition to this,
enough rigldity must br buill into the dam so that it will net crumble
under the stresses imposed upon it.  Storaze dams may be built of carth
fill or of masonry, In either case the some fundamental principles conceri-—
ing the pressure of vater nust be followed,

For smoll water power installations a dus of groat hedsht will
probably not be needed, and therefore should not be difficult of construction
by any farmer. Simple dircctions for the preparation of dan sitzs and the
construction of small dams arc giwen in Montana Extension Bulletin 1£0.

At tirmes diversicn dams also may have to withstand heavy pressure,
since it may become neeessary bo raise the water surfoace a considerable dis—
tance to get the strecam oub of its deep thannel., " In diverting watcr from .
a stream, often only a part of the flow is nceded, caspecilally during high
water, To allow this cxcoss water to flow devm the creel: withoutb washing
out or othervisc endangering the dam, the Voverflow! type of dem is nceded
in vhich the spillway is built into and beeoncs a part of the dam itsclf, -
Diversion duas of this type may be built of reinforcaed conerctc, but these
are generally toc costly for form construction, so structurcs are sugzested
which can be built of loeal raterials and at a lower cost,

One of the simplest of these is the rock and brush dom.  An illus-
tration is given in figure 5. It should be eonstructed with sufficient
welght and rigidity to writhstand the nrassure and the crosive action of the
watcr,  The foundation should begin well below the strean bed and in firm
material, The lewer face of tho dam should be built up with loycrs of
brush weighted dowm with rocl: and coch suecessive loyer of brush should be
sct back from the previous one on the ratio of sbout tiro to one; that is,
two feot horizontal for sach foob of rise, The main body of the dem is
constructed of carth f£ill which, too, should Legin well bolow the stream
bed on o firm foundation. The onds of the dan sliould be built thrcee or four
feot higher than the spillwey scetion, and the sides of this spillway should
be protected with brush and rock sceurcly anchored inte the carth fill.

= — L |
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Another type of dam which may also he coastrucled frorr local
materials is a "rouzh rubble masonryg" type, such as is shown in fi-ure 8,
This dam congisbts of a face of so0ldd magconry wiith an cart!t 711 behind it
of such dimensionz and weichl as to resist the nressure of Lhe wabor, AL
the Toot of the dam a rock apron is builb, ween which the overflos waler
will fall, The level of this apron should be one fool below the level of
the stream bed so that the overflowinr waters fall inte a vater cusnion bew
fore flowing out into the channel below. The roc's on the face of the dam
should be laid with cement mortar, but the inside opr core of Lho dam nmay be
filled in with rock and clay. The side valls and wing walls should be well
anchored into the carth at cach end of the dam to prevent lcakase at these
points. Above the dam the carth fill should have a slone of three to one

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

fill, and the masonry is used primarily for the spilblway, witich is part of
the dam itcelf.

le - vyt ! LTRSS LR b
hacl:ed witii an carth f

also be used for diverting 71? or into a powor flume, If the 1ift is not
great—say not over four or five fect——a wooden diversion dam may be used
with saféty and the water level controlled by means of flash boards or a
headgate.

.
b
111 may

There are as mauny vays ol bulldnnh damg s thore are loeations for
them, and the farmer can adapt the design to it the conditions which are
present, Receping in mind alvays that the fundamental oriveinles governing
pressurz and waler crosion iaust be followed if failure is to be avoided,

To convey the water from the reservoir or Jiversion daa to the
woter wheel, o canal or flume must be constiucted of amnle capocity to carry
the moxdmum flow nceded for the operation of the plant. Sincc a constant
flow is usually desired in the conal, a headzate and wasterny must be in-
stalled at the intakec to provide complote and constant control over the
water Ilowing over the wheel. The underflow type of hcadsnte is best suited”
for this'purpose. The flow is regulated by raising or lovering the headgate,
In front of the headgote a trash rack should be built to prevent entrance of
rubbish which might clog the woter whecl,

" The hcadgnte should be sceurely anchiorced into the banks as shown
in figure 8, to prevent 21l flow of water around the ends, If wooden struc—
tures are used, the wood should be given a coat of ercosote or other
protective material to nrevent re nld deterioration, It is o ;jood plan, olso,
to use heavy dimensioncd materia l, sinec this will make & nore substantial

nte and dncay will progress more slowly. Reinforced conercte with wooden
huhdbawrds is hlghlv desirable wherever this type of construction enn be
afforded. All hondgntes should be securcly anchored snd protectud to pro-
vent watoer washing around or under them. For long supply ditches a2 sccond
headgate will De nccussary near the water wheol or turbine so that the flow
can be regulnted convenicntly angd quickly.

An important rule to lecp in mind in us sing concrcice is that only
clean, sharp soand and gravel should be used, and that thers should be ne
skimping in thc amount of cement, Any GO“CrCtb mixturc with an insufficicent
amount of cement, which is its binding motericl, is liabl:s to failure at any
time and never can be dopended on.
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PART III, CONSTRUCTION AND INSTALLAT: Y OF IYDRC-ZLTCTIUC PLAWTS

Electricity provides cone of the most convenienl oelhods [or trans—
mitting the power developed by a small water pover plant. It will allow the
use of appliances and eguipment in nore convenisht locations than will other~
wise be possible. Tt will make it poscible to operate a larger varicty of
appliances and equinment, and will therefore nalie the power Jdevelosmeut iore
useful, Also, as mentioncd previously, it makes possible the use of water
potrer for furnishing heat and light,

The disadvantages of elecirical transaizsion are found in the added
cost of the elecirical oquipnent, arel In Lhe additional enerpy losres wisich
occur in the electrical empiipment., These objcclions are usually far outwelphe
by the advantages which are ;ained, but nevertheless they shonld bo slven
proper consideration, :

Encrgy losses in hydro-electric installatinug, in addition to thosze
found in the wator nover nlant, aro:

1, Mechanical losses in bearings, cavrs, beltsz, shalting, cte.,
of the generalor drive,

2. Electrical and mecharical losses in Lhe senerator,
3. Electrical losses in transrdssion lin.s and wiring.
4o Electriecal and nechanical losses in mobtors ard apinliances.

Overall hydro-clecbric efficicicies, which do 1ot tale into account
the last two of those losnes 2, will run fron very small values l'or crude in-
stallations to as high as 507 or 604 for carefully deci fmed and construtted
plants. More detailed information on what may be erxpected can be obtaxnud

from appendix II. Transmission losscs should bLe kept well under 5%, and
motors can be expected to have an efficiency of from 754 to 85%.

U176 Ol LCNeraTtiny’ riant ieruired

Generally speaiing, hydro-electric nlonts which will not deliver
at least 500 watts (approximately onc-half horscnowcr) at all scasons of the
year, will not he worth the 1nveatnun+ necessary for their construction,
Vér} small plants of this type, driving su automobile type of generator and
using a small automobile tgpe torapo battery, can furnish enough cnergy for
a few lights and a1 radio. Plants which ean furnish between 500 and 1000
watts can supply enough energy for most of the necessarvy lights in a small
farm home, and may even operate a {ew swall apnliances. One kilowatt

(10C0 watts) will Light about 15 sixtv—walt losms, or will operate an eleec-
tric iron if nothing else is connceted ab the sore time. This power will
also operate a washing machine, a watcr rum, ond most small household
appliances nrovided thab not more than about 900 wat 3 (becanse of trans-
mission losses) is comnectod at any one time.
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FIGURE 12. ADDITIONAL USL3 OF EIERGY FaCli A 4 TO 5
KILOVATT PLANT

Those larger plants will furnish enorgy for these and sindlar
usos, in addition to thosc shovn in figures 8 and 7.
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Tnstallations which deliver 1,5 kilowatis or less should have a
storage battery, This means that suci rlanis should be of the 32 vol? type
or less, for babtteries used with hizher voltage nlanbs are Loo exrenglve to
be practical. Storage of encrgy can he done elther in a pond or in a battery,
and sufficient storage capacity to handle daily fluctuations in power demand
will approximately double lhe 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 plant with its added
advantages. On the other hand, a storage battery is quite expensive, and
will require occasional replacement, thus adding to operating expense, 4
12 volt plant will recuire larger wire for the tronsidssion lines, aud
slishtly more expensive appliances than will be necessary i Lhe nizer
vollage can be used.

Two lzilowatts supplied by the genurabor vill orersbe wp to 1300
watts without nny diffienlbry. This meons thot alnost ang houschiold appli-
ance, even including an clectric ircner {mn-le) can ke used, Electric
water heating will he possible if rot more than 1500 wabts tre used in the
heater clements. A refrissrator can ~lso bo installed snielr on this zize
of instollation. Smnll robtors can be used nreound the form, and there will
be plenty of power for vumping wabter ond for lizhting.

If an clecetric rance is dezired, ~t least 3 lnilowabts ~wmst be
delivered by the renciator, Jwen this mmount will not eperate imch equip-
ment in nddibtinn to tlie rense if Lhe oven or scevesal of the surface units
are on at one time. A bottery is usunlly not preectic~l in connection with
a range, because Lhe large caprelty which would be required weuld moie its
cost, prohi’ ive.

Five Iilowntts will suprly most of the ordinnry clectricnl neceds
of an avercee frormutead. This will wn smndld feed grinders, silese cutters
and blowers, wood savs, millking macidnes, cte., and will 2lso furnish waple
power for & range 'nd other houschold appliances. Such an instnllotion, if
capable of delivering full capncity at nll times, is o very sntisfnctory one,
Larger instnllations cost less per unit of power coapncity, but unless there
is a definite demnnd for the additional power, they are not rccomuended for
supplying ordinnry frrmstend power demands. Totnl costs are highier for the
larrer sized equipment, and the additional capneity will not be any great
advantage unless thoro is o definite demand for it,

Dcteils of Hydro-Electric Planks

Good quality equipment is nccessary to convert the major part of
the mechnnical power derived from o wheel or turbine into electricrl conergy.
This cquipment is guite cxpensive, bubt will pny for itself{ mony times ovir
in satisfactory oporation,

The Gencrotor:

Gencrators can usunlly be purchosed complete withh full instructions
for their operntion ond eare. A.C. gencr-tors rmst hnve some special pro-
vision for supplying direet currcent to their ficld eolls, and this is usually
done by meons of o small auxiliary genepator (cnlled an cxeiter) mounted on




the gencrator shaft or by nmeans of a special aot of windines vlthin the
generator itselfl, Also, those pgenerators will reaujre a soceilal overnor

on the driving turbine or vater wheel ! hewn their shead constant,  In
addition, tnere will bec a voltage re;miator Yo maintain a constant output
voltage. This regulator can be adjusted so that it will maintain a con-
stant voltagse at some point near the favm i Ldines. Thas dn ordering a
generator it will be neccssary to indicawc the dictones froa thie power plant
to the farm buildinegs and to show the types of eleetric ermivoent which will
prebably be used in each building.

D.C. menerators will probably be Meompound? wound, Generators of
this type can be so rcgulated that they will deliver conslaat vollage under
a wide variation of drivins speeds, maliing a governor unneccssary. They ran-
also be adjusted to hold the voltage constant al sore point on the farmstead,

without the need of a gpeeial regulalor.

Generators will require iittle attention, but this 1litile they must
have. bhamufzcturers! directions for lubrication must be followed Lo the
letter. All fuses must be properly installed and well mainteined. Otherwise
a short circuit may burn oat the gencrator, Genoerstors nusl be ltept free of
dust and dirt accumulation, and they should be located so that water can not
splash on them. In soric cascs it may be neccssary to shleld them with a
metal or wooden cover, Prushos will have to be replaced oecasionally as they
wear down and begin to spar't,  Replacement brushoes should bo ordered from the
namufacturer, although most distributors of c¢lectrical supnlincs 2lso ean fur-
nish them. In ordoring brushoes, always give all of the information on the
generator name-plato.

The Switchboard:

Usually the switchboard will be sippliel with the renerator. This
board carries switches to control the electrienl circuits from the geonerabtor;
meters to indicate the voltage and current; a rheostat for manual contrel of
the voltage output; a rerulator, 1f one is necessary; and the maln fuses,
With sets where a battery is used, a battery switch is also provided, This
makes it possible Tor the plant to charge the battery alone, or for the
battery alone to supply the main line, or for the battery te be connected
across the line,

The fuses on the switchboard should be of such size that they will
blow if the yenerator 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 !ieep blowing, and no defect is found in the transmission
lines or in any connected equipment, it may be that too much equipunent is
being connected to the line, and then either 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:

Saall capacity plants will usually have a battery and this battery
should have good care at all times if it is to give mazdmum service, Manu-
facturers give full directions in ingtallation and carc of batierics, but a
few of the more important general directions are listed as follows:
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Tnstall batberies in a clearn, Ary place and in a well lichled room,
but do not allow direcl sunlisht to fall oo Lhow ner allow open flames near
them. lave the room well inmilabed ajaingl sovera bewperabuee rangen,
Temperatures higher than 95 dervees F.o are daraging, alllough low Louperalures

do little dumage if the Hstrry is kepl well chargod.  The [loor should bo of
concrete and designed so that it can Le kent clean caslily.

The charge on ihe batteries must be watched ¢loscly and not allowed
to get oo low. Operation at low charge will nu;uklv damasge battcrxgo, and
is one of the primary causes of battery failurc. It is well to rive the
battery an overcharge about once every two weelrs to complelely cxidize the

sulphate., At other times judicious use of energy will allow Lhc battery to
dis charge aboul as muvh as it eharges. For example, i1 it discharguec 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 il charges at about 5 ADEroes

(or a little over to mate up for loszes in the battery). A charge of 2k
amperes for 6 hours will also replace this cnergr. 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 multlplled 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 oy more Limes normal,

Lead storagze batteries can eanily be btented for charge by means of
a hydrometer, following manufacturers! directions. A voltmoler should not be
used alone as it gives but little indication of the charge; and an ammeter,
if placed across the batiery bterminals, will quiclldy burn out. Battery
testers of course are satlslactory.

Good omnlity batterics, wien well talien carc of, have been Knovm to
last ten years, or cven lonrer. However, if allowed to dlschargc so that they
"sulvhate", of if otherwise not carefully takon 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 excecssive line losses, and will never be satisfactory.
Wire must be the proper size as indicated in table'), otherwise proper voltage
cannot be delivered. Poles should be good quality, large and straight, and
should be properly treated with creosote or other wood preservative to insuce
long life. The line should be run as straight as possible, with all corners
well guyed or braced to substantial steel anchors or 'dead men". Insulators
should be of porcelain, or nyrex glass (not ordinary slass telephone line
insulators) designed for the line voltage which is used. Vires should be
tied to the insulators as shown in fiesure 13a. Il it is necessary to "dead
end" the line on a pole, two crags—amis should be used with wires fastened as
shown in figure 13c, All line wires cun be bare, but all wires leading from
the pole line to buildings should be weatherproof covnrcd, and should be
connected to the bu11d1ncs by means of pull-knohs or service racks such as
shown in figure 13b and flgure 14. Shord lines may use service racks instead
of cross-arms 1f the voltage does not cxeeed 250 volts, All wires hung on
service racks should be weatherproof covered,
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The sizes of wires wideh sheuld be used in tr asoaission Lines ein
be dclermined from table 4, unocadix LV, whicl pives blie mesiinum dength ia
feet for any ol the comuon wire sizes if an ercessive line loss is Lo be a-
voided, For inst.nce, if a 3 Filowatt nlant is Lo be loc-ted 500 feet fronm
the farm builidings, Ho. 2 wire will have to be uged LT 120 volts are avall-
&ble, 1ut No. 8 will be sotisfuctory if the nlant suwonlies 240 velts. (These
sizes would also be satisfactory for lines over 600 feet lonz.)

T advice or help of an evperienced lineman will be invaluable in
the installaiion of a nermcinenkt, calisdeclory transuission line.,  Such a ner-
son will also know how teo obtain proner nnterisls, ond the added sarvice fron

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

Zntronces Lo duildings:

Viere the wires enter the builaings suitboble "eabronces” jwust e
instrlled, These should be either in conduit cr in service entrance eable,
Suitnble service heads are necessary at tie npoar end of cither the conduit
aor tne cable. Rubber covered wirce at lenst as large as the line wire should
extend {from this herd Tfer enouh that o drin loop ¢oiy bo mede and the wire
fastened bto thie incondn: line wiros 2s siotm in fisure 4. Thic conduit or
entrance erble leads directly Lo the enirines swtiteh ond fuce bloe!s inside
the building, Ooe of Lihwse switches should be rmlaced in czen wired building,
and located so that it enn be opened cazily in ccac of fire,

Interior wiriny is soecialized wor's and should he done Dy a compe-
tent clectrician. ILapronerly instelled wiring offers nany hazards from fire
and clccbric shock whieh can bo entirely clininated by srorcr installation,
All i Plh” should be dOﬂu in ﬂccoru.ncu v;th tnu re ;alaulona of udC fcti onal

novhd Also, it has been found that "Cooc" wlcln- by a bOﬂ)LbOnb elcct"ician
is little, if any, morc cipensive than worl: done Ly unsi:illed Ytor':ers, o~
terials will cost apnrexinztely the sam: in eiiher caso--in facl the cl»ctrlu
cal contractor econ usuilly pass on valuable discounts if he muts in ths work—-
and heecause of his sltill tho wperdenced quom~n con usually wor!: cnov-h fost-
cr than the unshilled woriter that ho nakes up Jor the diffcrence in wage rates.

[ ¥

Three types of wirins are gener-lly used In fwvses and forn build-
ings, These are: (1) "rnob and tubc", using single rubber covercd econductors
mounted on porcelain insulators as shovm in fl“uro 15; (2) armored cnble, us-
ins two rubber coverad conductors 1na|dc of a flcxlolu skecl conduit as shovm
in figure 16; and (3) non-mctollic sheathod Cﬂ}lu. in which thc conductors arc
caclosed in ﬁ Iibrous ouler covering as shown in figurc 17. In addition, it
is possible to usc conduit or "thinpewr 11 tublng" to hold the conductors, al-
though these methods are fworo cipensive and thercfore nob widely usced.

r.l

Tho slse of conductor used is very important; os conductors vrhich
are too suall vill use an wicossive amount of cnergy, nossible heatinn badly
and forning a firc ha zhpﬁ ahd also causin: ecuipacnt to eworante ineffieicntly.
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Fore o ol BN KNGO AND
TUBE WIRING IN A BALLN.

The white wire is the
nentral line. This type of
wirings s protected by run-
nest b elose to bearns and
Juists. Notice the addition-
al protection (Inorm) where
the wire enters the outlet
hox above the light,

Fioure . ATMORED CAlL
WIRING IN A GRANARY.

Cable anust be securelv
clamped to outlet boxes and
should be well supported
between outlets, This iz an
excellent type of wiring for
open, dey locations,

Figure 17, NON<METALLIC
SITEATHED CABLE iIN A
DAIRY BARN.

This Lype of wiring is ex-
cellent for stables  where
fumes might attack metal,
or for conccaled work in
finished  buildings  where
wiring  must be  “fished”
from outlet o outlet, Wir-
ing in damp locations
should Bbe lead covered.




Tabla &, appendiz JV, indicotes Lie acninum sicos of conduebors bo ase vith
difleorent systeoms sovl for varions yarpeses,  Any ceirenils ionsor Lhan 4G or

50 foet should use ot leact one size larger than Lhol fndiescod,

Cutlats and Switehes:

Plenty of convenicnee outlets should be provided, ¥Wiring repgulations
reruire ot least two in the hitchen, dining room, livinz room, or similar room,
znd at lesst one in each Ladlway and bedroom, At firsh ihis acy seom too many,
but, cxpericnce has shovm thnt morce outlets than this are usually ncoeded, wnd
these are much more expensive to install sinely than al the tine the whole
house is being wired, Barnz and ontbuildings shonld also have nlunty of out-
lets for all lutvre needs. These must be of sulficlient capacity bto supply the
amount of current wnich will be dravm frem thei. The numbor of outlets will
denend to ~ great extent upon the power outrut of the plant, 3mall rlants
cannot supply very many diffcerent apohlinnces, so of coursce it is necessary to
install only a fow outlets, lHowever, the above recearcndalions on number of
outlets should be apnlicd whenever more than 1.5 kilewatts are ovailable.

Wall switches are very inportant itons vhich are often overlooled
in plamning wiring installations. If tley ara wnol provided, it is necessary
to turn iishts off by means of a Rey or pull ehain on the socket or light fix-
turc. This jeot's the bulb o little, and anterinlly shortens its life. Wall
switches will pay Jor thomuclves many times over in the lifetine of an instal-
lation, In addition, thoy are so much amore convendcent that no installation
should be made without then. Three-ray ond four—vay swritelics should be in-
stalled at each of the prineipal entraaces Lo impertant rooins sueh as :itchen
~nd living room =so that it i5 not necessary to stunble neross o dar': roon to
find o switch. Switches should be previded on Zitehen outlets, asd on the
washing mechine outlet also, lost suell apnlisnccs do not have switches on
them, and if they ore turned on and off by inscrting and fulliing the nlu~ on
the extension cord, this quiclily damages Lhe receptacle contact and causes the
appliances to operate incfficiently. Switches are for convenience and for
providing zood circuit contacts for o lon: life installation. They should be
used frecly throughout the house and in all the cutbuildines, Switches are
particularly required to prevent damage to contacts and esuipment used on low
voltage D.C, systems (6 te 40 velts)., Because of the heavy currents, these
siiteches should be the heaviest obtainsble and should never be less than 10
ampere capacit;,

Protection of Zlectrical Equipnacnt

Two dengers cxist in an eleclric eireuil. Onc is that too much
current vill flow along o wire, eausing it to heab, or cousing contacts to
hext so much that insulation is damosed ond possibly a fire 15 started. The
other is that toe high a voltage will be iimpressed on the lines as a result
of lightning or some other causc,

Fuses or circuit brealers nroteect wiring from danage by too large
a currcnt. They should thercfore Le of the proper size. Wiring code require-
ments are very specifie upon Loth of thasc noints snd nust be followed il
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danger is to be avoided.

Danger from lishtning is avoided by "prourlin:® one wire. In dircet
current systems this is the nezatlive wire of two-wire systens, or tiwe "central®
wire ol thres-wire systems., In alteraating current tvo-wire systeas it can
be either wire, Grounding should be done at the power plant and azain at the
entrance to each building with a maxinum diaension of 50 fect or more., It is
accomplished by extending a wire No. 6 A.W.G. size or larger (refer to Mational
Flectric Code for more detailed dircctions) from the line wire dovm the side
of the building (it nced not be insulated in any way, but ucrely stanled to
the building). Ab tho lower cnd it is claamed (not soldered) to a henver
crounded rod, This rod should not be s.aalleor than onc-half inch diameter if
of copner, or it may be grlvanized iron nine not less than threce-fourths inch
norinal size, Ib should be driven into the zround a distance of not less than
8 feet, and should not crtend above tlie ground. The clam should be one an-
nroved for this purpese. If it is inmuossible Lo drive a suitable ground rod,

a copper plate four feet square or larger can be imbedded at least fouir fect
below the surface of the sround, or at least 40 foet of bare copwer wire, not
lesgs than No. 4 AM.G, size. could bo laid bac!: and forth alens a trench ten
feot lonz and four foct decp, Such huricd ~rounds should he covered with loam
{not clay) or Tinc awnd to hold wobtar, and cduring diy- sensen should bhe weited
dowm ocgensionally.

ALl wiring must be rcatly installed and well nroto.cted from damarce.
Exposed wiring shonld nol be allowed in living quorters., Concealed wirin: or
wiring run in necat mot:l raceways is not much more aincnsive, looks ruch better
than open wiring, and will be sale for o lonqer time, HNon~metnllic cable must
be proteeted by zuard rails or conduit when within reach or where exposcd to
any hezards.  Open wiring must litewise be protected,

If somc carc is tolen and an effort is wmade to obtain a satisfactory,
safc installation, rather than the choapest one ubich will cause a lawo to
light, the cleetricul installation should ~ive mony yoars of pood service with
little or no carc or attention, Sueh an installntion, wvroviding: rcelicble,
stendy power from a well installed water power nlant, can brins coafort and
satisfaction which can hardly be realinzed in any otiier monner,
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APPEIDIX I. SOIE DIVSITTIONS

To discuss intellipzably the princioles which coweeo o walor wheel
conatruecliian and orerstion, it ig neressary to understand tho czact peaning
of certzin vords which arce comonly, but cften loosely, veed. 3ore of the
nmore impertant of these are discussed hiere bricflry so that thrre mnv Lo no mis-
understanding of their meaning,

"Force" is renerally considered as an action wvhizh tends to cause an
object to move or te change its motior, in other words to snoeod up, slow devn,
change ibs direction, cte. "dork" is done vhonever a force civses an objoctk
to move. The distance whieh the objeet moves, rultinliad by tie ctronsin of
the force, ~ives thie amount of viorls doine. 3inc. distance is nsunlle neasurced
in fzebt, and force in pounds, worli can be iwngsior:d In "Maob-sounls, one {cot-
oound boelngs Lhe anocunt of worl: done s a foree of onz nound movaes an objicet
oriv fuet. dor instanes, a J0-pallon can of water will voih roudhly (Lrelnding
woizht of car) 110 mounds, or in other words, it vill tak: a force of 110
pounds to lift the can. I¥ a wan 1ifts this muwount bhrce foot, he will oo
3 % 110 or 330 {cet-mounds of work.

This can of watcr myr now be huns frem a rens ove & nulley in such
a way that when it diseonds asnin it will I8t iorly s cin walvht the sane
distance, In otner words, the euin of water has become canahlc ot doin worlk
becauwse work was dona on it whin Lhe ron L6015t to a hi, b.r sosition. This
ability to o worl: is callad "enevgy®,

In the oxuanle just deserdbod, Lhe can of visl. v il ancrss becnuse
of its clevated nositions This form is roferred to as "polintial" cnersqy.
Now 1f an objoct ia moving, it will bi:e forec Lo brians il to rest,  Since hoth
the resisting force and thv objeet will be aovin: wille the objuet is being
stonsed, worls will be done, T other werds, the wmoving body Lad cnersy boecause
of its mobion. This fora is ecalled “iinctic" concrzy. An object can alse have
cnergy bocamse of its intornal eondition as in the ease of a cosprassad syring,
or water under nrecssure, or beenuse of its clectrical or chaaicnl condition,
or because of other conditions whieh jive it a enpeoeity to do work, These forms
of encrgy can be changed one into anothuir, bul it must be Mept in mind thot on-
srgy eannob be creatud out of nething, and thet it is iLiposcille to obt~in more
cnergy from aay btrpe of machinery or cquipment than.was originelly avnilabla.
Oftea, hewover, attenpts hive been made o do this very thing vith waber pover

cquipment, and of cours. the results have ~lweys boen disnrpointing,

Work can be thousht of in anolher vay now, for it renrcsents a change
in the form of cnergy. Encrsy and work ean thoreforc be nmersured by mcans of
the same units, that is, in root-pounds. It will Lo noticsd that this neasure-
ment does not take into account the Line requircd Lo aeeswdlish a -iven ~wount
of work., For cxample, ™= mon esn de os much vork os a horse"; but he must
teke 2 loager time to do it.

Somctimes 1t is neensstry bto moasurc Llic spocd or Mpate" at wvhich
work is donv. This rmbto is enlled "povert ~ad should not be confuscd with the
woric itsclf or with c¢norgy. The most commonly used unit of power, called the
"horscpower", represcnts 550 foob-jounds of worl done cach sceond., The Mwath
or "kilowatt" (1000 wabts) arc senerslly usad vhien referring to cleetricnl




WORK = FORCE x DISTANCE

FIGURE 1€, A D&PINITION OF VIORK

VELOCITY

FIGURE 12. THREE FORIS OF ENERGY
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cquipment. Thore are apprexinately 745 uetts in one horsepsier, and Lhere-
fore either of these units ey be converted into the other. One “Wilowabt of
power used for one hour is called a "iilowall-hour". Litewise, a herscpowcr
used for one hour iz a "hersopower-hourt, These are n2in enorgy units sim-
ilar to the foot-pound, hut ol course verr rmen larger.

Water can be put to work in three differunt ways., Flrst, it nay do
worl: while fnlling, as over an overshot water wheeol, thus usinz its nobtentinl
energy; or secoad, it way usc its Mdnstie energy duc te its motion, by wving
through 2n underchot or currunt whiel, or by flowin. Lirou-h a nozzle into an
impulse wheel. A thied way is bo use the pressure which may be found at the
bothon of a standpipe or reserveir. This con b usel ~lon; with voloeity, in
a turbine, If a siven quanlit; of water is b to vork in ooy one of those
bhree ways, and 1 the distance of £all in i first ¢t is Lhe some as bhat
required to give the velocity in the scesnd (wilh o fro- f-11), and if this
in turn is the snac 2s bhe depth required te oroducc Lhe lressure in the thired
c¢rse, it can be shovn that thic work done vwill Lo vhouroLicdiy the samae. This
dopth or height of fall is ealled "h:oed", or sonclinmos "velocity head" cor
"preossure head" to indicnte the form of tho corresponding energy., In any cosc,
the energy available in the webor desonds wnen bhe heod and the ausunt or quan-
tity of water available ond upon theso two fetors alon-, Litowise, the avail-
able power depends uoson the hund and Lho role of Clow vhich enn o obtnined,

A clenr understandinge of thess points is eigentinl,
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APPENDIX IX. DETER THATION CF AVAILATLT POWER

An epnrosimation of Lhe develoned povor °hich cigy b ovoentoed Lponan
water wpover plant lo siven in table |, shiieny Lisba SHhe oo e v b rorrnr sk
it from o flow of one cunic fuoh of waler v seocns ander vorious hends, and
with varlous types of wheels. In order te findg Lio naonnd ~f morop which cai
he exnceted from a givea installotion, slinly . e1lLinty tie flow in secona foeet

by Lhe factor Lfound in the Lai:le ownosite the iven off s¢hive bead tor Lhe
trae of whoel and drive viich is Llannuj.

The NMeifuebiva" hond as used In the beable Is the bend cvellable oY
the wheel, nol 2luing iAnto neooount At lesoes Lo uh flwee.s, menciocha, hwead-
gmLca, ate.  Tn turbine develacments with nzoas o o 10 or 15 fert, it is of-
ten possible to convey the wabter directly to the twrblie Vit a very siort
Tlume or pensitock of the type shovm in firure 3. In this cise prac Lically all
of tie head ig effeetive, In a lernver Mlure, canal, ov nunstoch, from 5 »er
cent to 10 ner cent of the btotal available head will be st in conducting the
water to the olant, This loss should be correctoed for in cstianting the vower
vinieh can be deliversd by Lhe wheel., In addition, meeheniczl, <lectricnl, and
othor losses whieh aro nob talen Inte accennt in the te shicula also roceoive
proper vonsidratien.

I cone ooriven encer oulout ig desived, ond the pecuivesd flov in
acond fect jmst be calenlated, the srooscr focbor ghould he selacted froi
t-ble 1. ard divided dabo Lhe given poser outrut,  Fer exasplo, if o direct
turbine drive is Dlanned, and the availavle Meffeetive” head is fiftesn foot,
how ruch waber i needad Lo Marenish § ilovatl ontrad ~bh Ly cecorstor?  Divide

5 by the fretor 0.90 found in the table opposite 15 ~nd in Ll colurn headsd

PPurbine-dircet drivel, and the angwer ls .58 or about 5.6 sceomd feet of wa-
ter required,

For nurvoses of dircet coleulpbion, tonle 2 sivers cporodinntely the
rance in efficiencias which e n he cxdected rrow vearious ti.os ¢f wnter wheels,
and water power plants,

Table 3 :ives the head in foch whilel Ls oguive 1rnL Loomny Jlven ve-

locity., Theorstie-lly, this hend of woler wild ive o vidaed H i the morount
indieated,  Actually o consid.orabla portion will bo ost In pedidng the change
fro1 wolentind to “tinclle onurgr,
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TABLE 1,—-O¥IR CUTPUT OF DIFFEREUT vWEES OF ATSD WAEELS 77T FLO . OF O
SECOMD-FOOT £ pilPFIust urana

E Power nuLmul on wvhoel ;n,lt | Pow guiriae Lirem ccierctor deiven ng
Erfec~! in horsepower indicnatod ~ in “ilcvntts I
tive f ; Over--  Qver-) i Current Vonden | iletnl : !

head | Current: shobt @ shot . mizel - overshot evershot: Turbine Turbing
at 3 wheel ' wheel,: wheol,: Turbing through_throuih . througn 7 direct: throughy
wheel, | wooden: netal ! | Jnek Jjee't T jaen drive @ enp ox
feet . buc'cls bueets’ | shedb o ooshalt 0 sheft ’ shnftl
- e e | e e ] o
11 0.0%0 | .05
200,060 - . i 0.0200 : .
300,100 0,139 U0,133 0,18 1 0.03% CLO50 L 0.062 0.1 3,105
10133 1OR 10,200 0,29 | 0.061 0,087 T0.095  0.167 0.1%
5, 0.1 10.25  10.29 0,36 10.085 0,118 0,132 .0.21 .0.200
6 | 0.3 10436 0.8 | 054 P72 0226 [0.24
7 i CCAD C0U43 0 10,56 Q. lu, - C.2 €.32  :0.,29
g ! 0N 0.5, 0,65 | .2 T0.26 6.7 10.33
9 D0U57 0067 0076 :O.QO T, 0.43 Q.40
10 L 0.08 0 0.76 0 :e.85 ! 0.3 - 0.37 0,50 045
1L 078 0087 0.9 A3 F0.42 054 0,570
AR PO 008 11,05 | Inrulse GuA3 0 048 0.60  '0.55
13§ Dnpulse’ .98 111 (134 | wheel (0.48  [0.52  C.65 0,60
1, ¢ (Pelton) 1,05 1,20 .1.22 !direct -0.51 0,57 GL7C 0,04
| 15 ¢ wheel 3,14 1,28 11,33 ! _drive 0,96 C0L62 076 070
16 11,18 11,230 fLaAl L4L POBE 0,60 10.68 0.0 f0.75
G113 D3 GLSL 159 tooré 0.68 L 0.78 0.90  :0.83
20 1 1.52 P LL50 0 GLL79 0 L7200 | 0433 0.76 0 lo.es 0.98  "0.90
2 1 1.69 - 1,72 2,00  1.39 1 0.9  0.84 -5.97 1.0 10,99
2Lt 1.92 L.92 2.2 2.0 1.1 G001 .05 1,15 .1.05
25 12,0 2.0 23 2.1 11s 045 1110 120 1,08
3¢ 0 2.4 P23 2.7 2.4 | L.3% 1.15 1.31 1.41 1,27
35 1 2.9 5 - 2.8 | 1.07 _ L.64 1147
A0 1 3,2 : ‘3.2 1 L8e 1.65 | 1.69
45 1 3.8 3.7 a2 2.1 ' .09
| 50 + 4.2 4.0 Rl 2.3 2,
, 75 1 6.4, 2.9 L 3.7 2.4 :3_1
r 100 1 8.5 5.0 ' !
15¢ :12,5 ; T2 \
200 16.7 2.6 ] I i
300 24,4 14.3 i ?
400 132,23 : ; : 15.9 :
500 140.0 ; : : 23,0 ' .

Data for this table were compiled from imter flow tables for nuuerous corsiercinl
wheels, and from design and cinerimental dats on houcmnde wheels. They should
not be expected to it any riven installation eunetly, bub should -ive a good

indication of what inay be exnected from coivsercial wheels or frem well construct -
ed homemadc wieels,

|
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TABLE 2.-~SFFICTENCIAES OF VATZR POTER PLANTS

l........__‘_.. s s e & —— e i . 8 A s has oL Mt oy e w4 fa s —meam - e U

i Type of whcel ' Bfficimey ol viwel . Owr-.ll aihcu ney or wh c-]
) : : vower drive. fnd goner tor
l maa . . — 1 e — ...-E wm n el ok el R e R e—— - ..:l-—q‘...—- e w e —— —— 4 — — l
iHcmumndo curront whocel : 109 to A0 : 7t 303

Hoacuade oversliot whecl é 20% to 703 : 15 Lo 5048
| : :
i Commarcisl eurrent whael ! 207 to 504 : 1070 Lo 357

Corun:reinl overshol wheel § 5045 to 80,4 : 30 te 6Gh

Commeeeind. burbine : 60% Lo £5% E
{ ' :

Dircet drive : ' L55 Lo 705
Gaar or belt drive : E 3%% to 65%
i : ] : .
P Comn sreinl ir i aul e vnu,c,l : me"‘ Le 807 : .’, 5:, 1,0 T ;
TADLZ 3,-=FUTVALAT HUZADS FOR GIVIH VILCCITIRG:

. Volocity C o omivadeat fenldin foot g
| fi./scc, P0.0 0.2 Gk 005 Lo
. : T T B 4.__..-..:..-_.___._...._:‘__....__..*..._, -
: 0 0.0020 : Q.0006 ¢ 0O,0025 : 0.0056 : 0,0009
i 1 f0.0155 ¢ 0.0224 ¢ 00,0305 @ 0.037% 1 0.0503
! 2 P 0.0622 | 0.0752 10,0805 0.1050 | 0.1218
| 3 PO0.LA08 0 0.5 ¢ 001796 1 0.2013 1 0.2243
: 4 0.»-’»56 0,274 ¢ 0,3008 0 3267 v 0,3580
i 5 D085 0.4201 § 0.4€3) 1 0.4672 1 0.5227
i 6 : 0 »% ©0.5973 1 0.6264 & 0.6768 1 0.7185
i 7 b0.7014 1 0.8055 ¢ 0.8508  0.8975  0.9453
i 8 D 0.9945 1 10448 11,0964 | 1.1402 1 1.2033
i o poo.2500 L L3101 ) 1.3729 1 L.A320 ¢ 1.4523
I 12 ¢ 15539 ¢ 16165 ¢ 1.6806 1 L 7459 ¢ 1.8124
i 1L s 1.8802 ¢ 1,9492 ¢ 2.0194 ¢ 2.0909 . 2,1636
; 12 ;2 93?6 228 02,3792 02,4609 P 2.54568

#These volues do not t-=2 iabe ~ceouni Trichion ov ouior losses,
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AFPENDIA IiL. SHERY AWD LU0 LOSUTS

Whenever vnt2re iz put Lo worll, =l the coer sy whileh is mlecsed is
convarked frow one forn into ~uotier; sote of Lioe Lebol vnilaole ~acrrr will
bue lost., Some of Linse losois ove uqivo=d““'c, but. oLl rmst boe Xt as sanll
as passidle, for otheruise they mry dissinaba o wnjor nart of bhe weber crercy
vhich s nveiloble, The weore inporttnt sources of ¢ner;m logs, which will be
Tound in wost vabter power nlanbs, aro:

1. Loos of her:t in deliverin: woter to the uheel,

2. Loss of wnler Lhrouw i Leslinee of ecanls. {lumes, or lelis:o
wilthin the wiiel,

3. Lons of hexd in removing wabor Cron Uh: viciailtr of the wheel,

4o Loss due to impoct with cud fricticn o ponsing throush or
over tneg bucketsz, runnars, or blides,

5. Losa dve te Lurbwlence or eplashiiny enus~d e disburbing the
sbrewi fhew Lo passing throsugh Ui vhicel o0 Lurbipe,

6.

(=
—
T

reninie 1o logsoos due toe fideldon in the bearins, vind re-
istonee, ale,

[ ]

Sone enrefully built water vieels siad turbincs have been shle to keep
the tot-) ol thrge losscs ~o low ~ A0 e ecnl of Lhe mvedilable cnergy.  In
other words, Meflicicnelos" ~3 kigh az QO par cent oo nore have been attrined,

. bub such ¢~ses nre unusunl., Ordln'r'lf Lhe best of Tocloneics obtrintble on

' direct drives from the whesls or turbinss will be bolweon 76 Per cent ond £5
! per cent, while 50 per cent to 40 per ecant will he mors couwoa where honenr.de
cquivnent is used.
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TAELL 5.--L3TL0 Whis SIZES FOR FLICTRIC CILCUITS

. . e A T A St e e | i 1 mm e M bR MR AER T M R 0 g e e gARE A - e - s me—— — PR

“Aporoxdmate | icinimum size of wips to nge Cors

: vollage i*.’ﬁntram:c;*Ent.ra.nce: Branch ,  Small . Lolers . iotors o Dlectyic
: at ' Lo i Lo ooube tcircuits: notors ¢ b ko 3 b, ) rapnge
¥ . ] * ' v oot + " ' . ’.
nrlant : housa E}'uuldln,j;s; o 1 bpe sto 3 hoe Lo 5 hpet elreunit -
f : : 1 or lasg! : : ;
o im e e m ...I..._ S e A — = emmme - — g —_m— e e i
A v. D.C. : / P0 N S 2L R S —
' . M E : T : : ; I
- " M . ) rark . M
-35-36 v, D.C., 4 : ; Y G Lo 6 1 —— : —_—
. j . ! : ' : :
. + | . . M . : !
1120-125 v. 1 e 1 g Copd gy A : .
. [ . [ r . . ———
'D.C. or A.C. | : - . : ; : i
) | . : ' ! : ;
a8 1y { ' s ! N : }
125 and 250 v | e 1, oty s S 48 |
‘D.C. ov AC, + T : ' - Tt S : © . 3= '

i emmELm oAE imrrwm e L e m . mm s kb M aEa R = B A - arem Sy S

FEntbrance shoald in no ¢ase be swaller Lher the Iorv-est elreuit in
Lhie buildinm,

o . .
Uotors Lrvzer than /4 ho, sve nob mrectic l on Lhig vale v,

YA o, - He, 103 1/2 hp, - No, 103 37, in. - Ho. £ 1 hp. - Ko, 6.

-

C . .
Plants of less than 1.5 kv, canczily oo use o, § eibtrence.

d - ' 3 *
Noo 14 is 2llowed for soort broncles Lo 1i, ling londs., oo 12 sherld
be used on all ampliance branch: cirenits,

P

o . e . .
hree No. O conductors. Wiere lanl has aoacity of 5 o, or nore,
three No. 4 or larr-or wire should b2 used,

L

{
These mators oner-ta on 230-240 volba,

ETwo No. 6 and onc No. 8 are sowebimcs used.




