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A\VATER SYSTEM that shall provide a whole-
. some supply for family use, prove serviceable
for farm purposes, be as nearly permanent as may
be made, and cost as little as possible is one of the
principal utility problems of the average farmer.
The aim of this bulletin is to give farmers, county
agents, and others information concerning sanitary
and engincering principles underlying safe, service-
able, and lasting water systems for farm homes.
Study of the problems involved should always pre-
cede the spending of noney for labor or cquipment.
The importance of a well-conceived plan can not be
overestimated. Haphazard methods and makeshift
devices result in waste, dissatisfaction, danger, and
abandonment.

This bulletin supersedes Farmers’ Bulletin 911,
Water Systems for Farm Homes.

Washington, 1. C. Insued August, 1925
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INTRODUCTION

FAI{M WOMEN say their greatest need is to have water piped

into the house, especially to the kitchen sink. To draw water
by turning a faucet does wonders to lighten the work and revive the
spirits of the housewife, Farm men find running water no less con-
venient.  No other utility is so often used. If the water is pure,
no other utility does so much to promote the health of both man
and stoek,

The 1920 census reports 1 ont of 10 farms in the United States
as having water piped into the house. Vermont and California
have the highest percentages, 62.9 and 56, respectively. Arkansas
and Mississippi have the lowest percentages, 0.8 and 1.1, respectively.
11linois has a percentage of 11.2. 1n the latter State a recent canvass
of about 1,200 rural and urban houses in 14 counties shows that at
546 homes water is carried to the house and at 206 it 1s carried to

the barn: at 602 homes water is pumped to the house and at 106 it

is pumped to the barn; 845 homes have sinks and 358 have none;
599 homes have a laundry on the first floor; 464 homes have a men’s
wash room outside the kitchen: 428 homes have bathtubs with run-
ning hot and cold water These statistics indicate how vast the
undeveloped field is. Figures 1 and 2 show clearly how much it
means to have running water in and about the farm buildings.

PURITY OF FARM WATERS

Purity of the water supply should be the first consideration of
the farmer, though the fact is seldom realized until sickness or
death visits some loved one. Disease germs can not be seen with
the naked eve and thousands may lurk in a drop of water or in a
particle of waste matter the size of a_pinhead. From specific germs
or parasites that may at any time exist in contaminated water there
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may result typhoid fever, dysentery, diarrhea, or intestinal worins,
of which the hookworm, roundworm, whipworm, eelworm, tape-
worm, and seatworm are the more common. Contmminated water
may contain also the cansative agents of munerous ailments com-
mon to hvestock, such as tuberculosis, hog cholera, anthrax, glan-
ders, and stomach and intestinal worms. Disecase germs are carried
by many agencies and are unsuspectingly received into the body.
A few cases are cited herewith:

In 1911 the water of a nleely located and apparently tightly covered dug
well fn Virginla began to smeli and taste foul and become the cause of intes-
tinal dlsturbance.  Exmmlnatlon disclosed 16 live frogs and ¢ more or less
decomposed.  After the well had been cleaned and pumped out several times,
the water was entlrely satlsfactory.

In 1914 90 caxes of typhold fever and 7 deaths in California were caused by

a water supply contamlnated by a septle-tank dischnrge whleh drained a long
distance nhove ground and then through 141 feet of gravel.
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Fre. 2.---Methods of piplng water to troughis.  Upper left trough supplied from a slmple
anti-freezing field hydrant.  Upper right trough automatically supl)ll(’d by a float
valve.  Below, antl-freezing flont chamber from which water may be automatically
supplled to one or more troughs set to have the same water level: dotted plpes show
how system may be dralned

in 1915 a heavy rain gorged a house sewer in Virginia, whenee some water
escuped to the pit at the top of i drliled well nnd followed down the caslng,
Within 14 days five of the elght chlidren in the famlly were strlcken with
typhoid fever and the eldest died.

Surveys indicate that three out of four farm water supplies
avo snfliciently polluted to be mmsafe.  Streamns. ponds, irrigntion
ditches, and other surface supplies are sure to receive pollition,
either dirvectly or from surface wash. Wells and springs are pol-
hited through the open or loose top and by foul drainage under

gronnd.  Figures 3 and 4 show some of the ways by which farm
water snpplies become polhuted and dangerous.

SAFEGUARDING THE WATER SUPPLY

Tiolt . .
Night well platforms and casings, clean grounds, and wide sepa-
ration of the well from probable channels of impure drainage are
the greatest safeguards. It is not enough that a well or spring
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is situated 50 or 150 feet from a source of filth or that it is on
higher ground. Given porous ground, a seamy ledge, or long-
continued pollution of one plat of land, the zone of pollution is

116, 3.- How springs and wells become pollnted. 4, Open spring: noxlons sithstances
are washed in by raln and earrled by wind; vermin has free access: vegetable growths
develop In the water; B, the favorite well of old 1s a menace; dust and hacterlal life
‘flnd lodgement ; filth from the hands clings to the chaln and bucket: ¢* and 1) show
wells having loose, unsafe platforms: pollutlon by surface wash, filth from shocs,
dropplugs from ponltry, worms, bugs, tonds, mlee, or other anlmal life; £, well between
barn and hog willow’; F, well badly pollnted Ly dralnage from ncar-by privy

likely to extend long distances, particularly in downhill directions.
A well may draw pollution from lower ground, ]l)urtwulnr]y when
drought and heavy pumping depress the water table enough to re-
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verse the direction of drainage movement. Only when the surface
of the water in a well or spring is at a higher level at all times
than any near-by sources of filth is there assurance of safety from
impure scepage. Figures 5, 4, B, and € and Figure 6 show well-
protected water supplies; additional safeguards are shown in Fig-
ures 14 and 15, Figure 7 shows in striking manner what good water
1eans to & conmmunity.

CHARACTERISTICS OF GOOD WATER

Water for domestic use should be clear, colorless, odorless, soft,
neither strongly acid nor alkaline, and its temperature for general
farm purposes shonld be abont 50° F. These characteristics, how-
ever, must never be deemed proof of purity, for a glass of water
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116, 4.—1low foul dralnage reaches wells and streams. Below : Characterlstic openings
in rock formatlons; slnk holee and channcls dissolved in limestone; jolnted or
broken condltion In the upper portlon of granlte and other kinds of bodrock ; the
fnrml wastes sbould never be thrown or discharged In sink holes or other rock
openings _

nny possess them all and yet contain millions of disease-producing
germs.  Any suspicions water should be rejected or disinfected
(sce Disinfection of Drinking Water, page 10) until both the water
and the surroundings where it is obtamed are passed upon by com-
petont sanitation anthority, such as the town, city, connty, or State
board of health.

CONSUMPTION OF WATER

Higher standards of living are evervwlere creating new and in-
creased demands for water. A bath requires 30 gulfons, and each
flush of a toilet takes 4 to 6 gallons, Heavily worked horses and
uules and milk cows may consume 20 to 25 gallons per day in hot
weather, aud witlr all farmn animals conditions of weather, food, and
living may double or halve the ordinary requirements. Table 1
shows fair allowances.
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Fia. 5.—A, Favornble locutlon for well: clean ground ahove or to one side of lmpure
drainage trom. bulldings; I, tight concrete platform with ralsed and sloping top and
pump recurely holted to it ¢/, protection of nn old well, Maryland ; ), gn vnnlzodl steel
cistern objectlonal hecanse the water dlssolves more or less zine, is warm In summer

mad freezed It winter; E, Jooke rubble nmnronry cistern; water llable to pollution
from snrface wash and undergrouml seepage :
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TAeLE 1.—Water requirements of farms and schools
[Gallons per person or animal for 24 hours)

Water use Quantity

Domestic purposes.'} pump st kitehen sink. Gallons

Average daily consumption, modernhome_._____________ " 40
Maximuin daily consumption, modern home_ .

Domestic purposes, 1 faucet at kitchen sink . 7-15
Domestic purposes, running hot and cold wate cl 20-25
Sprinkling and cooflng purposes, outdoor washing, lcakage, etc

1
Schools, 3 to 15 gallons, average.____________ 0(7)
Horse, mule, or cow 12
BROCD OF BOR. oo oo 1

CISTERNS

Rain water is soft and comparatively pure, but when collected in
cisterns often contains polluting matter. The evils of cistern water
relate to the uncertainty of rainfall; to freezing in winter and un-
wholesomeness in summer; to entrance of dust, soot, bird droppings,

s

AL v

Fig. 6.—D'rotection of springs. Curbed and covered to keep out surface wash and to
prevent dipping or bailing; water shonid be drawn only by naturai flow through a
l‘vipe or by pumping; on the left, square concrete box having 4 or 5 inch walls and
3 inch top reinforced with heavy wire netting or stock fenclng; on the right, curb
composed of large-size clay or concrete pipe (I branches)

and vermin from the roof; to objectionable taste fron1 metal and
concrete walls or from growth and decay of certain organisms in
the water; to neglect in cleaning; and to poor construction result-
ing in loss of water or entrance of tree roots, or, what is frequent
and more serions, foul seepage from a nearby source of filth. Fig-
ures 5, /2 and /' show cisterns that should not be used for drinking
water.

The vital features of a cistern for potable wnter are: (1) Abso-
lute water-tightness, top, sides, nnd bottom, and close screening of
inlet and waste pipes: (2) provision for excluding from the cistern
the first portion of each rainfall until the roof or other collecting
area has become rinsed thoroughly: (3) a first-elass filter of clean,
well-selected sand and thoroughly burned charcoal: (4) a waste pipe
which removes surplis inflow from the bottom of the cistern where
impurities tend naturally to settle; (5) periodic and thorough elean-
ing of the cistern and filter; (6) no connection between the waste
pipe and a sewer or a drain which may carry impure drainage.

43022°—25 2 :

1

a
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To determine the quantity of water falling on roofs: Measure
horizontally in feet the ground plan of the roof and eompute the
area of the ground plan in square feet. Multiply this area by the
rainfall in inches (for the wet-weather period * which must supply
the desired storage) and divide the product by 1.6. The result is
the number of gallons of water. 'The householder who would avoid
the inconveniences of a shortage in his cistern supply is fully war-
ranted in planning n large installation. Most localities experience
long droughts or exceptionally dry years when rainfall drops to
one-lnlf or one-third of the normal. Moreover, many small raing
may be impracticable of collection because of the dirty eondition of
the roof.

To find the capacity of square or rectangular cisterns and tanks:
Multiply the inside length by the breadth and the produet by the
height, each dimension being in feet, Mnlti{)]y the result (cubie
feet) by 714 to find the gallons. Gallons divided by 3115 give
barrels. Table 2 shows the capacity of round ecisterns of certain
dimensions.

TaBLE 2. —Capacity of round cisterns and tanks

Dlameter in feet

1
Depth I {
in | s 6 | 7 8 9 | 10 no|oa2
feet _ .
| Capacity In gallons l
B - : N _
| 4| 3m6| 588 846 1,152 1,504 | 1,904 | 2350 | 2,844 | 3,3%4 |
5 470 735 1,058 | 1,439 | 1,880 | 2,350 | 2,938 | 3,555 | 4,230
6 564! 881 ‘ 1,209 | 1,727 | 2,266 | 2,855 [ 3,525 | 4,265 | 5 076
7 658 | 1,028 | 1,481 | 2,015 | 2,632 | 3,331 | 4,113 | 4,976 | 5 622
8 752 | 1,175| 1,602 | 2,303 | 3,008 | 3,K07 | 4,700 | 5.(s7 | 0,768
9 846 | 1,322 | 1004 2,50 | 3,384 | 4253 | 5258 | 6,308 7.614
10 040 | 1,460 | 2,115 | 2,879 | 3,760 | 4,760 | 5,875 7100 | 8 460
11 1,034 | 1.616| 2327 | 3.167 | 4.123| 5235 | 6,463 7.%20 | 9,308
12 1a2% | 1,763 [ 2,537 3,456 | 4512 57110 7,050 K531 | 10,152

Wood cisterns are objectionable because of their short life, proba-
bility of leaking, and tendency to promote bacterial growth: they
cost about as much as steel or mnsonry.  Brick cisterns are generally
circular. with walls about 8 inches thick. The joints should be com-
pletely filled with cement mortar and both the inside and outside
surfaces should be left rough to receive heavy plustering coats of
rich Portlund cement mortar. The inside should be troweled while
green to produce o hard impervious surface. Concrete cisterns may
be square or ronnd, the latter, for a given eapacity, requiring a little
less materinl, but more labor in building the form. Information
on mixing and placing concrete nnd plastering coats to secure water-
tightness is given in other bulletins? of the Department of Agri-
culture.

The amount and the seasonal distribution of ralnfall at the principal cities through-
out the country may be obtalned from the 1. 8. Weather Bureau. Warhiington, D. C.. from
local forecasters in the several States, and from publishied reports of the Wedatlier Liureau
in many Hbrarles,

* Yearbook Separate 824, Sceurlng a Dry Cellar, Farmers' Bulletin 1279, Plain Conerete
for I'arm Use, and Department Bulletin 230, Ojl-Mixed 'ortiand Cemnent Conerete.  The
first two are malled free on request by the U, 8 Department of Agriculture and the last

may be obtnlned for 10 cents from the Superinteudent of Documents, Government Print-
ing Oflice, Washlugton, D. ¢, P
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Before putting a masonry cistern to use the inside walls should
be allowed to air and cure for a month or more and be occasionally
spriukled with water to convert the free lime in the eement to car-
bonate of lime, which is only slightly soluble in pure water. A new
cistern should be pumped out two or three times prior to use of the
water for drinking. With continued use of a eistern dissolved
mineral matter ceases to be of importance.

FILTERS

Filters should operate slowly—like rainfall percolating inte the
ground. The rate of filtration should not exceed 50 gallons in 24
hours for each sqnare foot of effective area in the filter bed ; the rate
is readily controlled by placing a valve in the pipe from the filter
to the cistern, opening or elosing the valve as necessary. The water
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F16. 7.—Typhold-fever death rate and percentage of the population supplled with public
water (good water) in Massachusetts from 1855 to 1923 notice the rise of the dots
and the drop of the vertical hars: in 1923 fully 96 per cent of the ople were sup-
plled with publle water, and the typhoid-fever death rate had declined to 1.8 per
100,000 populntion ; though many agencies contributed to thls notable decllne, unques-
tlonably good water ix a leading one

DEATHS AND PERCENTAGES

level shonld be maintained above the filtering material, thus pro-
tecting the film of silt and mud on the surface of the filter, It is
in this film and a thin layer just below it that most of the filtering
is done.

Sand is one of the best and most available filtering materials, and
well-bitrned wood charcoal, the pieces avera ing the size of wheat
grains, is nseful in removing color, taste, and odor.  Clean pit or beach
sund or crished quartz is much used. Where the water to be filtered
is relatively clear (like rainwater) the sand should be very fine.
For snrface waters carrying sediment, slightly coarser sand, such
as is aised in plastering work, is generally nsed. A depth of 2 feet
of carefiilly selected, uniform size sand, washed to remove all cla 3
silt, loam, and vegetable matter, is preferable to a greater depth of
poor sand.  As the thin surface layer becomes elogged with con-
titnied 1ise it may be seratched or fmirowed or a half inch may be
seraped off with a trowel, until eventually the bed is reduced to 12
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or 15 irches in thickness. The sand removed should be washed and
returned, or be replaced with new sand. )

Figure 8 shows n simple home-made slow sand filter having a
capacity of 25 to 30 gallons per 24 hours. It cnn be made by any
handy person for about $10. Figure 9 shows the important features
of n filter and cistern to care for roof water. Figure 10 shows an
arrangenient to elnrify water from: an irrigation ditch.

The foregoing filters are of the gravity or open type. They
operate by natural flow at slow rates and under low heads. Pres-
sure or closed filters nre on the mnrket. 'They may be placed con-
veniently in the howme nnd be connected with the discharge pipe

fron a pump or other pressure supply.

ﬁv“‘“*""y The filtering material may be a natural

R e ] product such as tripoli stone or sand and

‘ E i ﬁﬂ charcoal. If the water is discolored and

contains matter too fine to settle on stand-

SandL B st ing, the filter may be provided with a de-

: vice which automatically feeds a small

quantity of alunt or other coagulant into
the unfiltered water,

Caution.—A\ filter is a device for re-
moving dirt or sediment from water,
v It promotes purity and safety but never

s a guaranty. It does not excuse the

4

7]

use of water taken from sources known to

ﬂ be contaminated. Filtration alone does

Waste | - not materially affect such dissolved min-
= b erals as'the water may contain.  For in-
stance, if brine be filtered. the resultant

1o ppe] || will still be salt water. A\ filter should

S e, be easily accessible for cleaning. The fre-

G B o s @i dUENCY of clenning depends on the dirti-
fiter ness of the water and the use of the fil-

ter. Dirty sand cun be washed, but divty
charcoal should be replaced with new charcoal.  Charcoal filters,
if neglected, way become n detriment rather thau a benefit. due to
the storage nnd overloading of organic matter within the pores and
upou the surface of the chareoal.

DISINFECTION OF DRINKING WATER

Disinfection (destruction of disease germs) of drinking water by
home metliods should be considered an emergency measure. The
f)m‘it_\' of n cistern, spring, well, ov surface water is often suspected
efove the existence of disease becomes definitely known.  Suspicion
may be ereated by minor intestinnl ailments or by odor or taste of
the water, Pending examination of the water supply by competent
sanitation nuthority, the honseholder should stop using the water
for drinking and cooking or employ some method of disinfection.
Where chemical disinfection is employed, great care should be used
in preparing the chemical, keeping it on hand. and adding it to the
water.  Directions should be followed explicitly.,  Stock solutions
should be kept where children can not get them and bottles should be
plainly labeled *Stock Solution for Disinfeeting Water—Poison ™.
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It is very important to understand that, even though printed
directions are closely followed, disinfection processes are not always
complete. Waters of varying physical and chemical eomposition
react differently with equal quantities of a given chemical, similarly
as two individuals may be differently affected by like doses of
medicine. Clear water is usually more readily disinfeeted than
muddy or cloudy water. Well or spring waters may, however, be
clear and sparkling and yet contain so much ferrous iron. nitrite
nitrogen, or other oxidizable matter as to be little affected by an
ordinary dose of the chemical disinfeetant. The sediment in a
muddy swater or the oxidizable eonstituents, if such be present, in a
clear water uses up the chemical before germicidal action takes plaee.

Chemists and bacteriologists by laboratory experiments determine
the exact amount of

disinfectant for caeh B ., ReinSwiteh
particular water and e S R '5"' ‘\-
1ts action on the germs L Serean jL_
therein. T hese mat- Heavy Stock fancing :, ) f f

ters are guesswork
with the average indi-
vidual. He may guess
wrong. and his efforts
to disinfect drinking
water may lead to a

false sense of safety.

For these reasons abso-

Iute reliance can not be

placed upon home . (of [J] [prorertiow T —+

methods of sterilizing == ] o [ ;‘

water with chemicals. . - |

As a temporary pre- .I’ Ny

caution against disease, L J-

such methods may ot —————f—— 8"0"Sauare ——tp g

serve a very great serv- N L e ’ X

ice. Two methods of Rl i I

disinfeeting  drinking : g

water recommended by g — vy

the Bureau of Chemis-

try nre as follows: = Fig o working OO0 o T ey "l S1eters
(1) Disinfection with to $250

chloride of lime.—Pre-

pare a chloride of lime solution by dissolving 1 teaspoonful of fresh
chloride of lime (bleaching powder) in 1 quart of water. Plaee
this stock solution in a stoppered bottle. Such a solution gradunally
loses its strength, and fresh solutions should be made up occasionally.
For disinfeeting water, mix thoroughly 1 teaspoonful of this solution
with 2 gallons of water.  After 30 minutes the water will usually be
fit to drink,

(2) Disinfection with tincture of iodine.—This drug is an excel-
lent disinfectant for drinking water, can be obtained at any drug
store, and is found in the medicine chests of most households.” Ordi-
nary tincture of iodine coutains approximately 7 per cent of iodine.
Mix 1 drop of this tincture thoroughly with 1 quart of water. The
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water so treated will usually be safe for drinking purposes after 30
minutes have elapsed. Proportional mixtures for other quantities
of water are as follows: 11 drops of tincture in 234 wallons of water
(an ordinary pail full), 1 tablespoonful or 3 teaspoonfuls of tinc-
ture in 52 gallons of water (a large barrel, approximate inside
middle diameter 24 inclies, end diameters 20 inches, depth 303
inches).®
SURFACE-WATER SUPPLIES

Streams, ponds, irrigation ditches, and small open reservoirs are
unsafe sonrces of farm water supply. The temperatnre of such
witer seldom 1s satisfactory, and the fpr(*sena:e of more or less pol-
luting matter is certain.  The only snfe course is to avoid drinking

water from any sur-

i rHesvy Stock fanchg face source unless
= ' [ sucli wuater has been
K disinfected.
GROUND -WATER
SUPPLIES

Good ground water
is the 1deal supply
SECTION for the furm. If un-
/Batfle Board 4 certain of the depth,
AP SO AN N quantity, or quality
. of the water likely
. - P to be enconntered, one
A4 FPe /(f.‘"“‘P'P' S onld describe ;'ul]y
_ Sereen . the location and con-
P 5 ) S S ditions to the United
By mr States Geological Sur-

PLAN vey or to State geo-
Fia. 10.—Working drawing for a ecistern and fliter to ]()i“’.u] :lllt]l.()l'ltl(fs and

S!En’rl{y l\vut(.-r‘frm}}t‘x.u‘l)rlmlt;ix;t:ﬁgm(tllac_f:b: ﬁll’l‘gnl:] ):-lx?l'('l: ask for advice. 1“:111\'

iars i ted cost '$75 1o $1p 108 Pr=" wells have been sun

to great depths in
the belief that a plentiful supply would be reached, only to find
no water, or that it was unfit for use, or that a meve hole had heen
created which served only to drain water from relatively near the
surface.  Information as to the kind, thickness, porosity. and dip of
the strata of the region, the results obtained m neighboring wells,
and examination of the land slopes, vegetation, and evidences of
seeps and springs serve as good guides m locating water supplies.
There is Iittle to recommend certain patented eleetrical water finders
o1 the use of a forked willow, hazel, or peach stick. although so-
ealled forked-stick artists, from their experience and observation of
surface conditions, usually are better able to judge of the probabili-
ties of ground water than is the average person,

lrrigaﬁon Diteh

# Two other methods often used to disinfect drinking water are ns follows:

(1) Bolling water 20 minntes. This {s a very safe method but is inconvenient for
mrrmlx quantlties of water or where the method must be employed for n considerable perlod
of thoe.

(2) DisInfectlon with tablets containing a compound of chlorine. Thix method is

slmple and convenlent, ns sultable tablets with directions for using may be purchased at
many drug stores.
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The most likely appearance of seeps and springs is near the base
or toe of slopes. Shallow wells thus located usually are stronger
than those higher up the slope or farther ont on tlie flats. Wells
upon the crown of a hill or elose to rock outcrops are not likely to
vield plentifully. The stronger artesian flows usually come from the
lower strata,

Sands, gravels, porous sandstone (consolidated sand), and con-
glomerates (consolidated gravel) are the most promising water-bear-
ing materials. Quicksand, clay, marl, and hardpan usnally contain
considerable water, but yield it too slowly to afford satisfactory sup-
plies. Shale and slate (consolidated silt and clay) are not good
water bearers, but water soinetimes is obtained at considerable depths
from the joints and cleavage planes. Granite, gneiss, and schist
(rocks formed or modified by heat) are likely to be hard and imper-
vious, but due to broken or jointed condition (generally within 300
feet of the surface and seldomn below 500 feet) may yield moderate
guantities of very good water. Lava rock often yields abundantl y
but generally the supply is essentially of surface origin, frequently
scepage from irrigation ditches. Limestone usually carries an
abundance of water within the passage-
ways and cavernous channels which char- L 8 g et
acterize this rock, bnt the water usually i ~
is hard and may be contaminated easily
from surface sources. (See Fig. 4.)

SEEPS AND SPRINGS

Seeps and springs are the natural .., ;
emergence of ground water upon the  DranTies
surface.  Anything that reduces resist- Linen Sirip
ance to the flow, such as open-joint pipes
or conduits for the collection of seeps “,‘g;(}‘,;(,e,};",t‘.ﬂ,‘Lﬁn‘,ﬁ'ﬂ,,s,’ng;"'
or excavating and encasing a spring.
tends to increase the yield. TIncrease of resistance throngh choking
the flow or building up the curb to a moderate height above the
natural surface tends to decrease: the yield, and may cause its com-
plete loss by deflecting it to other channels, Figure 11 shows drain
tile laid to collect seeps or small springs. To prevent silt entering the
tile 2 6 to 8 inch wide strip of linen or burlap shonld be fastened
around each joint. If any part of the line is in quicksand, mnd, or
clay. where little or objectionable water would be collected. sewer pipe
shonld be used in that portion and the joints should be tightly made
with jute and cement mortar or bituminous jointing compound to
keoi) out fine material.

Horizontal pipes. cribs, or chambers are sometimes loeated be-
neath irrigation ditches or where water is to be taken from the
margin of a pond or stream. TIn the latter instances it is better
to locate the collector 50 or more feet from the body of water, be-
canse it is better to intercept ground water moving toward a sur-
face supply than to draw water from it direct. Collectors may be
of tile. wood, stone, brick, or concrete, and there should be ample
space, particularly at the bottom, for water to enter. They should
be placed below all low-water levels, lengthening themn as necessary
to increase the yield.

y _~ l-inch Stane
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In many instances nn elevuted spring niay be piped to the byuild-
ings, forming a gravity system, as shown in I rure 12, Where
feasible, such a system is superior to any other kind becaunse the
water 1s generally good, the constrnetion 1s simple, the operation is
certain and the expense and bother of pnmping are saved. Figure
6 shows two simple curbs to inclose and protect springs,

WELLS

Wells ave artificial openings in the gronnd to or below the water
table. They should be sunk snfficiently into the water-bearing mate-
rinl in order that neither dronght nor maxinnna pmmping operations
of the furm slull so lower the gronnd wnter that the pump must be
stopped to avoid taking air. No new well should be regnrded as
complete nntil a pumping test of proper continnous duration has
been made to determine its snflicieney for the purpose of the farm
and to mnke sure that a mere pocket of water has not been tapped.
Unscrupulous contrnetors resort to nmmerous tricks when testing
N
t‘\')_"l-
-

e

Fic. 12.—Water dellvered by gravity (natural flow). Note protectlon of the fpring ;
t shatlow trench on the upner side to divert surface wuter, and the slte inclosed by
w fenee to keep out stock

wells, und these matters shonld have the personnl attention of the
farmer who pays the bill. Tn making the final pumping test the dis-
chnrge shonkd be taken by pipes or tronghs n considerable distance
from the well and to lower ground if possible,

DUG WELLS

Dng wells are open excavations, the dimmeter varying with the
freedown with which water enters, the rates of pnmping, nnd the
requirements for water, Excavntions showing the slightest indica-
tion of caving should be enrefully braced to nard against accident.
The usnal method of digging wells is to huve one or two nien at the
bottom to loosen the material and shovel it into a buckot which is
hoisted to the surface with the aid of a windlass or tackle blocks as
shown in Fignre 13, .1 and B. Sometimes n snall orange-peel
bucket operated by hand with the aid of a tripod derrick is used.
In loose sand yielding un abundance of water the exeavation sone-
times is made entirely by the use of n centrifugal pump. The lining
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F16.13.-—A, Use of a windlass in digging a well, Maryiand : B, ralsing the londed bucket
by horse power, New Hampshire: C, hydrautic ram, Virginia ; D, hydraulie ram in
operation ; the water which does the work s gushing from the excape valve: F, flowing
wells, Utah; #, float-controlled valve for use where the flow of a spring 1s too smali to
operate n ram conthmuousiy ; u 2-inch valve costs about $10

43022°—25——3

|
|
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or curb is started on a wood or steel shoe which gradually sinks as
material is pumped from the bottom and curbing is added at the top.

Quicksand is a frequent source of trouble. If the material is re-
moved by an orun%'e-peel bucket or a centrifugal pump, flow of the
quicksand may be largely prevented by keeping the excavation par-
tially full of water, thus neutralizing the hydraulic pressure in the
quicksand and rendering it comparatively solid. If thie material
must be excavated by hand methods, the lower or cutting edge of the
sheeting or curbing should be constantly kept from 1 to 4 feet
below the bottom of the excavation. Wood may be nsed for shecting
and steel or concrete for permanent curbing; its sides should be
water-tight. Hay, straw, or fine brush is very nseful to give men
footing and to close temporarity small boils in the bottom of the
excavation. After the excavation is completed, entry of quicksand
at the bottom may be prevented by placing a thin layer of clean,
coarse sand and weighting
it with several layers of
sand or gravel of inecreas-
ing coarseness. There is
thus ereated a graded sand
filter, cach layer of which
is held in position by the
slightly ~ coarser material
above 1t.

Curbs may be of stone,
brick, concrete block, or
of concrete, vitrified, corrn-

ated, or cast-iron pipe.
Vood soon decays and
should not be nsed. At

Fic. 14.—Dug well, curbed with 4-inch course of ]G“St the upper 10 feet’ of

brick iafd dry. One like this in Maryiand, 4 feet masonry cuyrb s should be
In diameter and 23 feet decp in clay soll cost 1 . ot .
$53.18 in 1015; manhole and cover shaped by aid In cement mor tar to

i, Jares b pon, " ool nciues | Lo® ke it water-tight.  Fig-
gxeavatlug. the plicher pump whleh ln mounted 11re 14 shows a brick curb
Thchew hign e haxe 9 { < with the top properly pro-

tected. Considering clean-
liness, tightness, durability, and cost, perhaps no curbing is better
than vitrified sewer pipe or hard-burned drain tile. Such a curb
with cemented joints and a method of lowering and placing the
pipe is shown in Figure 15, Sometimes the pipes are placed with
the lmbs downward, but such arrangement ma}{es it impracticable
to cement the jouts. Sometines the lower portion of the curb is
enlarged by building up from the bottom with stone or brick laid
without mortar, the masonry being arched inwardly to meet and
support the pipe curbing at or neai the water level. " The space be-
tween the curb and the sides of the excavation should be filled with
clean sand and gravel, the coarser material being placed from the
bottom to the water level.  The upper 10 feet may to advantage be
senled with concrete or clay. The curb should be brought at least

1 foot above the ground and be surmounted by a concrete platform

in which is placed a tight-fitting iron or conerete nianhole cover.
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The platform should slope from tlie center and the earth be graded
to shed pump drippings and surface water quickly.

f a pump is to set upon the platform, a block of wood or a tin
can may be embedded in the concrete to provide an opening for
the pipe and cylinder. A firm, water-tight joint between the pump
base and the concrete is made by using expansion bolts or anchor
bolts and a gasket. Expansion bolts are screwed through the pump
base into holes in the concrete. Anchor bolts to fit the holes in the
base are embedded in the concrete when it is placed. Ordinar
bolts with the thread end up and a large flat washer on the head in
the concrete answer
every purpose.

If properlylocated,
built, and protected,
dug wells are more
likely to be satisfac-
tory than tubular
wells, The advnn-
tages relate to
longer life, softer
water, and Iarger
volume, permitting
more rapid pump-
ing, lower lifts,
easier inspection
and cleaning, and
less trouble from
quicksand and air
leaks.

CLEANING DUG or’tgwggms

WELLS PIPES

Most  dug  wells
require cleaning oc-
casionnlly, due to
t]le entrance of fIUSt Fi16. 15.—Dug well curhed with vitrified or conecrete rockot
or other for e1on Ipe such as is used for sewers. Wells of thls kind 24

5 nches In diameter and 35 feet deep in sand have cost
matter at the top about $200, Masxachusetts,
and to the washing
in of clay and silt with the ground water. The first step should be an
inspection of the curb, which if weak or defective would ninke emntrance
dnngerous.  This examination may be made more thoronghly by
the nid of n beam of sunlight reflected into the well by a mirror.
To determine the presence of harmful gases, n lighted candle or
smull bird should be lowered into the well. Complete or partial
failure of the enndle to burn. or death or exhaustion of the bird, in-
dicates dangerous conditions for man. Thorough ventilution of the
well is the best remedy.

1f it is found safe to enter the well n ladder should be lowered
nnd the curb from the top down sernbbed with wire or other stiflf
brushes and rinsed thoroughly. The well should then be pumped as
low as possible, and any mud, moss, or other debris should be scraped
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into pails and removed. After thorough cleaning the well should
be allowed to {ill and shonld then be pumped out rapidly. This op-
eration may be repeated to advantage two or three times. The disin-
fection of wells with chemicals is not recommended unless the work
is done nunder technical direction. (See Disinfection of Drinking
Water, page 10.) The volnme of water mnst not only be estimated
with reasonable exactness, but the character of the water and the
proper amount of chemical shonld always be determined by an ex.
pert chemist. The effects of disinfection gradnally disappear as
water flows into a well to replace that drawn out.

BORED WELLS

Bored wells are made with earth augers turned and lifted by
hand or horse power. The method is not extensively nsed nnd 1s
confined to relatively small diameters and depths and to clay, sand,
fine gravel. or other comparatively soft materials free from bowlders.

DRIVEN WELLS

Driven wells are iron or steel pipes forced into a water-bearing
bed. They are more likely to _\‘ieldl hard water than are shallower
dung wells, but they are less hkely to receive organic impurities.*
In simplest form, 1 to 3-inch extra strong wrought pipe is cut in con-
venient lengths and provided with a well point driven as shown
in Iigure 16, .1, The pipe joints should be coated with red
lead or graphite and oil and shonld be tightly screwed with pipe
wrenches or tongs,  Otherwise, if nsed as suetion pipe, it will scak
air, or when the pipe is being driven the threads may be stripped
or the conplings split.  The top mnst have a heavy cap or steel drive-
Lead to prevent Dattering the pipe. A 1l%-inch \\‘e]ll need not cost
over 50 cents per foot. including extra strong pipe. The method
is very useful i prospecting for water within 20 or 30 feet of the
surface and for temporary supplies. Where there is no rock it is
the quickest and cheapest method of obtaining ground water. The
prineipal fault of sncL wells lies in the strainer becoming corroded
and choked. Often a well mnst be abandoned in a few vears or
the pipe pulled and redriven.

Open-end, driven wells are less easily choked. and if properly
cleared of elay and silt, are frequently nsed in very fine sands.  The
material which enters the drive fPipo is removed with a sand pump
or is washed np with the aid of a forece pump and a smaller pipe
known as the drill or wash pipe inside the drive pipe. A steel jetting
drill is serewed into the end of the wash pipe and is very nseful to
loosen the earth and split small stones at the bottom of the drive
pipe, which should be protected by a steel coupling or shoe. Use of &
saw-tooth shoe and turning the entire string of pipe at each blow
increases the progress. To facilitate water entering the well the first
picce of pipe usnally has nnmerons one-fourth-inch holes drilled
through the shell. Figures 16, B, €, and /). show hand ontfits and

+0ut of 1,943 wells less than 25 feet deep in Tlllnols, 74 per cent were condemned :
out of 2,707 wells 20 te 50 feet deep, 83 per cent were condemned : out of 1,333 wells
0O to 100 feet deep, 32 per cent were condemned @ ont of 3,228 wells more than 100 feet
deep, only 13 per cent were coudemned,  See Water Survey Serles, No. 13, 1dward
Bartow, director, State Water Survey, 1'rbana, 1., p. 156,

A A AL W
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methods for driving open-end wells. Figure 16, D shows the jetting

rocess; the method is equally useful with the driving outfits shown
in Figure 16, Z and €. Wells always should be tested for yield when
the wash water fails to rise to the surface of the ground. Where the

I16. 16.-—11and methods of driving wells. A, use of a heavy striking haminer, sledge, or
mant; B, drive block with hole through center and ralsed by dlrect lift: laborers
prefer this method, and their welght asslsts the driving; €, drive block ralsed with

the ald of a pulley, and its fali guided by a spindle which goes Inside the plpe;
D, fetting procvss

material is coarse enongh to “lose ” the wash water, it is of suitable
character to vield freely.

Driving and jetting outfits can often be made from odds and ends
abont the farm. They are readily operated by three or four men
to depths of 100 or more fect in clays, sands, and gravels. Fre-
quently an outfit with one experienced well-driver may be hired for
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$8 or $10 a day, and with the aid of farm hands, after everything
is assenbled, a well may be sunk 50 feet in a day. Fair prices for
2 and 2%-inch wells are $1 to $2 per foot, including extra strong

ipe. Whevre the water is very deep, driven wells are usually 4 to 8§
inches in diameter and nre sunk by parties experienced in the work.

CLEARING DRIVEN WELLS

A success or failnre with driven wells often is n matter of freeing
them of fine wnaterial.  Water way be within 20 or 30 feet of the
surface, but the pump handle yanks buck quickly, indienting that the
material is too tight to yield freely. Such wells must be coaxed. The
pumnp _should be worked slowly and patiently to draw out the fine
material and crente percolation into the well. Should the well choke
from inflow of fine material the pump should be detached and the
material should be bailed or washed out. As more cluy, silt, and
fine sand are brought out of the well the pumping may become more
rapid. The result often is the creation of a pocket of coarse materinl
about the bottom of the pipe, giving a free-yielding well.

There are several methods of coping \\‘it?l guicksand in tubular
wells. If there is probability of course material benenth the quick
sand the latter mmy be kept out by driving the casing through it.
Sometimes gunicksund is restrained by forcing to the bottom a large
sponge or several small spouges wired together and weighted with
small stones. Sometimes a brnss strainer, closed at the bottom and
about one-fourth of an inch less in dimmeter than the bore of the
well and of a length to extend through the fine sund, is lowered to
the bottont of the well. The casing is pulled up till its bottomn is
nearly flush with the top of the strainer. A tapered brass tube to
the top of which is attached a lead packer is inserted at the joint.
A swedge block or expander is lowered till it rests on the lead
packer. A few Dblows suflice to expand the lead outward against
the casing making a sand-proof joint between the strainer and
casing,

Sometimes a strniner 4 to 6 inches smuller than the cusing is em-
ployed. It is lowered from the surface by means of ordinary screw
pipe cut in lengths convenient for handling. The strainer is pro-
vided with guides to center it in the hottom of the well, and coarse
sand or fine gravel a little larger than the strainer openings is poured
in at the top to fill the nnuular space between the strainer and casing.
The sand ﬁ‘ling may be brought to the surface of the ground and the
whole outer cusing drawn. leaving the pipe with which the strainer
was lowered as the permanent casing. 1f it is desired to retnin the
original casing, the sand filling may end above the quicksand. The
cusing is drawn up until its bottom is above the quicksand. The
pipe used to lower the strainer is unscrewed from the strainer and
1s removed from the well. Such portion of the casing as is above
ground is cut off,

DRILLED WELLS

A drilling outfit is necessary where there is rock. A gasoline or
steam drilling wiachine is generally used, and wells are put down by
contract with persons equipped for the business. Recent contract
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prices for G to 8 inch cased wells vary from $3 to $5 per foot. The
yield of drilled wells is sometimes increased by shattering the rock
with dynamite. This is called * shooting ” or * torpedoing ” a well
and may create openings to adjacent assageways carrying water.
The 1wethod is less used than former /, and in all instances, be-
cause of uncertain results and liability of damage to the well or loss
of the existing supply, it should be employed only as a last resort.

FLOWING WELLS

Figure 13, £ shows three flowing wells side by side on a Utah
farm. Shallow flowing wells are usually short-lived. Artesian
flows derived from strata outcropping in (iistant elevated localities
frequently remain strong for many years. In general, however, there
is a marked tendency toward exhaustion because of reduced pressure
and the sinking of other wells tapping the same stratum. By using
sound, heavy casing and valves to regulate the flow as needed, and
b" Cﬂpl)lng or plugglng Storage Tank
abandoned wells, farmers =
can aid greatly in conserv-
ing artesian supplies.

HYDRAULIC RAMS

Hydraulic rams are not 3 ! v
mechanical toys. They : 7
are the most economical % LA
pumps known and have

been .U:?‘.(‘d to raise hlrge F16, 17.—Generaf layout of a hydrauiic ram fn-
quantities of water. Two stallation. ). Drive or supply pipe; F, escape
farm rams are shown in patt R e Rt SR Ty i S, | Jele
Figures 13, (" and /.
Hydraulic rams utilize the principle of water hammer. Their op-
eration will be understood from Figure 17 and the following de-
seription: Water flows from the source of supply through a straight
iron pipe D, wasting through escape valve £ until the velocity is
suflicient to force the valve outward to its seat. This creates a “kick ”?
or water hamnmer in pipe 2 and opens check valve C, through which
some of the flow is grced mnto air chamber 4 and delivery pipe B.
The greater pressure in pipe B quickly overcomes the movement
and causes a reaction or backward pulsation closing valve (' and
unseating valve /', whereupon the water in pipe D flows again and
the whole operation is repeated. On the recoil. a little air is sucked
through the sniff valve .§ to maintain the supply in chamber A.
The approximate quantity of water raised by a good ram, properly
installe(f, may be estinated from Table 8.

TABLE 3.—Quantity of water raised by a hydraulic ram

! {
Lift (feet) divided by fall (feet) ] 2 3 4 ' & l 6 7 80 9110)11]12}13 | 14 | 15 ' 18 20
Oallons raised in 24 hours for | ‘ ]
each gailon per minute to the | S I I I |
ram._.__ ... emeee.--1005 (370 IZOO 185 {150 1120 100 85 | 70 | 60 | 50 | 45 | 40 | 35 | 22 16
i 1 1 1 t

[ |

Example: What quantity of water will be raised in 24 hours to a
height of 48 feet above a ram receiving 3 gallons per minute from a
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spring 12 feet above the rum? Solution: Lift (48) divided by fall
(12) equals 4; under 4 in Table 3, 1 gallon per minnte to the ram
raises 260 gallons in 24 hours; therefore 260 nultiplied by 3 equals
780 gallons, the qunntity of water that will be raised by the ram,
If the delivery pipe is very long, the friction loss therein should be
determined from Table 4 on page 23 and should be added to the 1ift
(48 feet m the above example) to find the true pumping head.

Munufacturers of rams require the following information to deter-
mine the size needed for a particular installation: (1) Quantity of
water in gallons per niinute available nt rum; (2) quantity of water
m gallons per day desired at buldings: §3? availuble fall in feet;

4) horizontal distance in feet in which fall occurs; (5) length of

elivery pipe in feet; (6) lift in feet. Mannfacturer’s mstructions
for installing should be closely followed, thereby fixing responsi-
bility for results. .

The minimunr or the average flow should govern the size of the
ram, as otherwise the one selected may be too large to be actuated by
the dry-weather flow. Sometinies the flow of a spring is too small
to operate a ram continnously. 1In sucl eases a float-controlled regu-
lating valve shown in Fignre 13, /" may be used to stop and start the
ram automatically. The valve is serewed on the upper end of the
drivepipe, and opens quickly when the supply tank fills and closes
quickﬂy when the water falls to a permissible level. Sometimes a small
spring is suflicient for actual home needs. but the power head nmst be
obtained from a near-by brook. In sucli instanees a double-neting
ram is employed, utiliziug the recoil to admnit the spring water which
1s puinped by the brook water. Where the power su])‘)l_v is far from
the rani, it 1s nsual to pipe the flow to an open tank or standpipe
located so as to secure the (Hesire(l length and fall of drivepipe.

A hydraulie ram should be fastened to a snitable foundation and
honsed properly. The waste pipe from the ram pit should be of good
size nnA not snbject to backwater or other obstruction. IFour-inch
drain tile is often used. 'The drivepipe must be air-tight. Bends
are a detriment, but if unavoidable should be of gentle curvatnre,
leaving the bore unrestricted.  For small installations, lead pipe is
much better than iron. Full-way gate valves shionld be used to lessen
friction. "The upper end of the drivepipe, which may be made bell-
shaped to facilitate entry of water, should be submerged at least a
foot to prevent sncking air, and should have a strainer with openings
totaling three to five times the cross-sectional area of the pipe. Rub-
ber valves are less noisy than metal, but where the rounding is ob-
f'vcti()nublv. as it may be ina dwelling, a piece of lvn(} pipe or rubber
10se inserted in the delivery pipe lessens or ends thie tronble.

livery newly instalied ram requires udjustment. Action may be
induneed by intermittently pressing down on the waste valve and
allowing it to rise with the escape of water. The travel of the escape
valve and the rapidity of its strokes should be regulated by experi-
ment (by sight, sound, and inference). To illustrate: A ram run-
ning 37 strokes a minute used 13.1 gallons, of v:hich 10.1 gallons were
wasted and 3 gallons were pumped. When speeded to 72 strokes a
minute the ram used only 4 gallons, of which 2.9 gallons were wasted
and L1 gallons were pumped. 1 the escape valve remains up. exces-
sive pressure or leakage in the ram is indieated. If the escape valve
remains down. lack of fall or water is indicated. This difliculty can
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often be overcome partially by plugging two (one on each side) or
more of the small holes in the plunger. Should the ram operate and
discharge no water, lack of air in the air chamber or a leak in the
delivery pipe is probable.

FRICTION LOSS AND PUMPING HEAD

Movement of water in a pipe produces friction, a forin of resis-
tnuce thut increases with the length and roughuess of the pipe and
the rapidity with which the water moves. Wherever much water
is to be dehivered throtigh a long pipe, the power or head necessary
to overcome friction shonld be determined. This is called friction
loss or friction head. Its effect is to increase the vertical lieight
agninst which a pumnp operntes. Bends, especially shap turns, in
n pipe line also increase the friction, but ordinariiy the farmer may
neglect this loss in discharge pipes. Excessive loss due to frictioin
may be avoided by increasing the size of the pipe. Table 4° shows
the friction head (number of feet to be added to the vertical height)
for ench 100 feet of iron pipe (not new) to overcome friction when
discharging given quantities of water. The comparative discharging
power of pipes of t{m several sizes also 1s shown.

TasLe 4.—I'riction head or loss and comparative discharging power of pipes

Diameter of plpe iu Inches

Discharge in gallons | 34 LI ‘ b 1 14 | 14 {2 2441 3 4 5 6
Der minute | | L - | S ! !
Friction loss in feet for each 100 feet length of plpe
1
1.
41| L2 .. ...|._....
7 . 26
10. . 40
14, LB0) .20 Ll
25. L0850 .33] oMo .l o f ...
38. 1430 .50 .17 .. .. ... _.i.
______ 2.01 g |
______ 2.68) .
..... 3. 41 .20
_____ 4. 24 . 49 caaed
...... 5.2 82
...... 7.8 . 73
...... 11.0 , 84 .
...... 14.7 . 1 . <SEER
18.8 . 6 O TR
..... 23.2| 82 115 . .
.9 1.38° .34 o -
.9 1.92 .47 . IGJ _____
. 4 257 .63 .21 ...
4 3.28 .8l .27,
4.08 1,000 34/ _.._.
4.90 1 A1
720 171 581024
9.2 228 .70 .32
J1L8 ! 2.9 LOR 40
4.8 3.61f 1.220 .50
17.8 | 4.4 1. “i .61
: 2510 8.2 208 .86
Comparative  dis-
charging power o | | I | { | |
pipes! ... . .03 .08 L1600 .47 1.0 LS 2.9 6.2l11.1'18.0‘38.3'08.9j111.3

' Based on dlameters raised to the 2,63 rown » Discharge depends not only upou size of
pipe but upon velocity of flow, a factor that changes with the refation of head of water
to length of pipe.  Inspection shows that doubling the diameter of a plpe lucreases the
discharging power about 6 times, assumning like heads of water and llke lengths of pipe.
Assumlng tike velocities, doubling the dinmeter Increases the capacity 4 times., because
the areas of circies are proportlonal to the squares of their diameters.” This table shouid
not be used for pipes shorter than 500 times the interior diameter.

51lydraulic Tables, Wlillams ana Hazen, N, Y. 1909. Coefliclent here used 1s 100, a
fair value where the Interlor of lron plpe Is roughened by 10 to 15 years’ rust formatlon,
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A column of water 1 foot high and having u base equal in area to
1 squure inch weighs 0.43 ponnd. The pressure on the base is equal
to dle weight of the cohimn. Double the height, and the weight and
the pressure nre donbled. Hence it may be taken for granted that
the pressure of water at rest (static pressure or head) is in direct
proportion to the verticnl height or depth of the water. Fromn the
nbove Table 5 is computed.

TasLe 5.—Vertical height in feet and equivalent pressure in pounds per square

inch .
! Il ] 1
1lelght | Yressure | Helght | Pressure || lleight | Pressure
— — - - — I__ —
Feet | Pounds Feet | Pounds Feet | Pounds
1 0.43 20 8. 67 75 32,51
2 .87 25 10,84 80 | 34.68
3 1. 30 30 13. 00 85 36. 85
4 173 35 1817 90 39.01
5 2.17 40 | 17.34 98 41. 18
6 2.60 45 18. 51 { 100 43.35
7 3.03 50 | 2167 1o ! 4768
8 3. 47 55 23. 84 120 52.02
9 | 3. 90 60 26. 01 130 56. 36
[ 10 1.3 65 | 2818 190 | 00.69 |
15 6. 50 70 30.35 150 65. 03

P

Two examples are given to show the use of Tables 4 and 5. Ex-
ample 1: How much water will be delivered by 500 feet of 114-inch
pipe from n spring 26 feet ubove the ontlet? Solution: Multiply the
head (26) by 100 and divide the prodnct (2,600) by the length
(500), giving 5.2, In Table 4 under 11%-inch pipe find 5.2 and
follow to the extreme left to find the answer—20 gnllons per minute,
1t is nssumed that all the hend is used to overcome friction and that
the water emerges full bore of the pipe. ISxample 2: What is the
pumping hend where a pump is delivering 3 gallons n minute
through 1,000 feet of 1-inch pipe to n hydropneunmtic tank carrying
39 pounds per square inch situated 20 feet higher than the pump!?
Solution: To the vertical height water is raised (20 feet) must Hm
udded friction loss which is 1.26 feet for ench 100 feet of length,
or 12.6 feet; there must be added the equivalent height of the 39-
pound tunk pressnre which from Tuble 5 is seen to be 90 feet; 20
plus 12,6 plus 90 equals 1226 feet. the true pumping head.

PUMPS

If a perfect vacuum could be created in a pump cylinder at sea
level, water would follow the plunger to a vertical height of 33.9
feet.  This is called suction or suction lift.  With elevation above
sea level, air becomes lighter and suetion becomes weaker. 1t will
be lielpful to see how the discharge of a pmnp diminishes as the
suction lift increases. Figure 18 <hows the results of a test close
to sea level with an ordinary 14-inch pitcher pump. The dingram
shows the discharge decreasing from 10.3 gallons per minnte when
the suction 1ift is low. to no discharge at 30 feet 2 inches, the extreme
height to which the pump would druw. It is important to have a
low suction lift but approximately three-fourths as much wuter
was drawn when the lift was 22 feet as when it was 1 foot,  On this
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basis Table 6 gives the limiting suction lift for the satisfactor
operation of pumps at stated elevations up to 8,000 above sea level.

TapLe 8.—Limiting suetion lift of pumps (vertical distance from water level to

top of eylinder)

Atmos-
pherie
pressure
reduced
to equiva-|
lent
head of
water

Limiting
suetion
et

Elevation above sea level

Elevation above aea level

Atmos-
pherie
pressure
reduced
to equiva-
lent
head of
water

Limiting
suetion
1ife

Feet I

3,000 feet. R
4,000 fect____... -... M

(2

-

-
DN O

1 Taken as 65 per cent of the heads shown in the second column.

Snetion pipes may be long provided the
friction loss (see Table 4{ plus the vertical
height from water level to pump valve
does not exceed the limiting suction lifts
shown in Table 6. Lengths of 100 to 1,000
feet are frequent. An ordinary pitcher
pump raised 5 gallons per minute through
320 feet of 1314-inch pipe having two
elbows, a foot valve, and a vertical height
approximating 19 feet. Suction pipes
should be straight, air-tight, slope uni-
formly upward from well to pump, and
never be smaller than the pnmp suction
connection. Long suctions shonld be larger
than such connection and should have a
foot valve and strainer on the end in
the well.

Pumps may be divided into two classes—
suction and force, or a combination of
these types. A suction pump has the
cylinder above the water; it does not
raise water above the pump nor discharge
it against pressure. A force pump can
raise water above itself and against pres-
sure. The general arrangement of valves
in these two types of pump and in a deep-
well é)ump is shown in Figure 19,

Where a pump is more than 22 feet
above the water it is necessary to lower
the cylinder. Where the water is 22 to 30
feet below the surface, a set-length pump
may be used. This pump has the pipe
and rod lengthened to permit placing t{le
cylinder several feet befow the well
drilled in the pipe just above the cy

Fe

a
2
a

2

cooo
Lad
=
o

5

-
w
‘

3

VERTICAL LIFT IN FEET

06—— . L
& b
GALLONS PER MfNUTEw
18

I"16. 1S.—Diagram showiy

how the discharge of a
pump varies with the suc-
tion ift

latform. A drip hole may be
inder, thus allowing the water

above to escape and, provided the platform is tight, preventing freez-
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ing. By lengthening the pipe and rod and by using a small cylinder
lowered into or near the water, this type of pump may be used in

wells 75 or wmore feet in depth.

-
Plunger Stuffing Box,
Valve —
Check Upper
Valve Plunger
SUCTION PUMP
Discharge
Stuffing Check Valve
Box—q
AP
l Pump Rod
Orop Pipe
4 Lowar Plungor
1 Valve
T Foot Valve
[
SUCTION AND DEEP WELL
FORCE PUMP PUMP 1809
PG, 19.— General  arrangement  of valves and
plungers in suction, force, and deep-well
pumps

stroke of the lower plunger

upper plunger,

It is a
wells 75 or more feet
open-type evlinder

parts.

rod. and drop pipe.
der are shown in Figure 20,

from the size, depth,
of the well, the hours within
daily requirements are to be
the available power.
pumping is (ll(mo m
Deep wells and hand  and
fits take the smaller eylinders;

product
obtained.
single-acting cylinder,

is forced to the
discharge pipe by the down stroke of the

great  convenience, especially in

m depth, to use an n
fitted for drop pipe one
size larger, to facilitate pulling up the lower
plunger for renewal of leathers or other
A closed-type cvlinder with swaller
drop pipe requires drawing cylinder. pump
The two types of cyhn-
The size of
the cvhinder should abways be determined
and yielding power
whieh
pumped, and
Ordinarily the day’s
one to three hours,
windmill
the advice
of a reliable dealer or ‘wanufacturer whose
15 to be used should alwavs De
Table 7 shows the capacity of pumps per stroke for one

Where the water is far
below suction 1ift, a deep-
well pump driven by power
is generally used. The
working head is placed
over the well, and pump rod
and drop pipe are lmwt]lwno(]
to permnt setting the lower
eylimder in or close to the
water.  Submergence is best
because it keeps the eylin-
der primed and the pump
leathers  pliable. I)cep-woh
pumps are usually single act-
mg; that is, water is lifted on
the up stroke. This brings
a heavy, variable load on
the working parts, and an
upper or (ﬁﬂerentiul cylin-
der in or just below’ the
working head is employed
to divide the work Dbetween
the up and down strokes.
In this way the water that
is lifted to the surface by
the up

the

out-

F'16, 20.—Closed aund open
cylluders
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TABLE T.—Ceapactty of pumps*

| Length of stroke in inches
q{
Diameter of cylinder .
1n inches 2 3 4 5 6 7 8 10 12
Capaclty per stroke In gallons
| i
|} IR SIS 0.007{ 0.010| 0.014{ 0.017 | 0.020| 0.024 0.027 | 0.034| 0.041
B i eonanaalis X 011 .018 .021 . 027 . 032 . 037 . 042 . 053 . 064
14 > 7 .015 .023 . 031 .038 . 046 » 064 . 001 077 . 092
1 ¥ e . 021 . 031 . 042 . 052 . 062 .073 . 083 . 104 . 125
2 .027 . 041 . 054 . 068 . 082 . 085 . 109 . 136 . 163
% . 034 . 052 . 069 . 086 . 103 . 120 .138 172 . 207
e . . . 042 . 004 . 085 . 106 127 . 149 . 170 .212 . 255
n, soe TR . 051 .077 . 103 128 . 154 . 180 . 206 . 257 . 308
k) . . 061 . 002 .122 . 1563 . 184 . 214 . 245 . 300 .367
3 . 072 . 108 . 144 179 .218 . 251 . 287 . 359 .431
g : . 083 .125 . 167 . 208 . 250 .20 .333 416 . 500
0y [ .09 L1431 191 | 239 . 287 . 335 . 383 . 478 . 574
“ o .109 . 163 .218 . 272 .320 .381 . 435 . 544 | . 653
49 <3 1 . 138 . 206 275 .34 . 413 .482| 551 . 688 . 826
) . 170 . 255 2340 425 .510 L5095 . 680 . 850 1,020
Oly 3 . 206 . 308 .411 514 617 .720 |  .823 [ 1,028 1.234
f e ks . 245 . 367 . 490 .612 . 734 . 857 .979 | 1,224 1. 469
|

! Plunger displncement. No allowance for slip of water past valves. For double-acting cylinders multi-
ply by two. Kor alonger stroke than shown in the table add the capacitles of two shorter strokes to mako
the required length of stroke.

Figure 21 shows pumps of the kinds described. In selecting
a pumf) the following information should be known : (1) The kind
of well, inside diameter, depth to bottom, depth cased, depth to water
level both at rest and when pumping, un(i the sustained yield, as
found by test, in gallons per minute (sec “ Ground Water Supplies,”
page 12, and “Wells,” pange 14) ; (2) the maximum quantity of water
reqiired at buildings, gallons per hour or day; (8) distance from
well to proposed location of pump and the vertical height between
these points: (4) distance from pump to reservoir or tank. and the
vertical height between these points; (5) kind of power.

H electricity is to be used the following information shonld be
obtained from the local Light or power company: The voltage, if
the current is direct, the voltage, cycles, and phase, if the current
15 alternating.  With the above inforiation a reliable mauufacturer
or dealer will be able to select suitable equipment and the farmer
-an check the suitability of the selection.

PUMPING WITH COMPRESSED AIR
AIR LIFTS

Air lifts are useful in raisin large quantities of water from deep
wells.  Compressed air is led through a small pipe deep into a well,
and is there released in an upward direction through numerous
small holes in the side of a nozzle-shuped foot picce to which is
screwed a vertical pipe for the delivery of water to the surface. The
air, as small jets ov bubbles in contact with water, rises and expamls
within the delivery pipe, carrying with it and ejecting some of the
water.  To secure the best results, the submergence nnd the size and
arrangenient of air and water pipes for each installation should be
determined by the manufacturer or others experienced in the work.
Air lifts have no moving parts in the well. "The main advantages
ave simplicity, durability, large capacity, noninterference by cold,
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F16. 21.- P'nmps, A, Prumplug Jack and force punmp with underground and spont dis
chutrge controfled by hmnd wheel; B, after completion of Improvements; €, pumplng
nnit conststing of deep-well pump, underground ({h«'hurm-_ cleetric motor with n worm
genr drlve inclosed in n weatherproof honsing; D, pitcher spout pump: F, house foree
mmp: F,ohand and windmill foree pump with front and ek oitlets; 7, power work
ng head for shallow or deep wells, front and back outlets, belt drive adjustable
stroke
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grit or sand, and adaptability to drawing from a crooked well or
from several widely-separated wells witly one power outfit. Dis-
advuntages are cost, low efliciency nnless correctly designed and in-
stalled, and tendency of the air' to slip over the water where the
horizontal discharge” distance is great.  An air 1ift is often nsed to
raise water to the surface, after which it is pumped by other means.

AIR-DISPLACEMENT PUMPS

An air-displacement pump consists of a subnterged cylinder or
cylinders from which water is automatically displaced by compressed
air, the operation of the pump being wholly controllec by opening
and closing any fancet on the water-delivery pipe. No water is
stored, and the pump is at rest when faucets are ciose(]. The chief
advantage of the system is that water may be taken from one or
several sources with one power outfit and delivered direct from well
to faucet. The system is not cheap and is not as simple as some
other methods of raising water. Pipes and punips must be tight and
remain tight in service and the working parts be maintained in good
order,

Anr lifts and air-displacement pumps reqnire some method of
compressing and storing air. Figure 22, /', shows these parts in a
typical air-displacement pump installation ; they consist of a gasoline
engine, air compressor, air tank, and air pipe to the well in the fore-
ground, and water pipe from the well. The amir-displacement pnnyp
15 submerged in the well; if desired, an air-lift foot nicce could be

employed.
POWER

The theoretical horsepower necessary to rmse water is found b
multiplying the gallons pumped in one minute by the total lift in
feet, meluding friction 1 both suction and discharge pipes, and
dividing the product by 4,000, To overcome losses i the machinery
the theoretical horsepower is generally multiplied by 3 to 4 for elec-
trie-dviven pumps and by 4 to ¢ for pumps driven by gasoline
engine.  Ordinarily half- lorsepower motors and 1-horsepower en-
gines are suflicient for farm pumping, but it is safest to compute
the amount of power needed and to get the advice of a reliable pump
concern.  Table 8 shows the actual horsepower required to pump
water, assnming an overall efliciency of 25 per cent (actual four
times the theoretical).

TAvLE S—Horsepoiurer required to pump acater (based on orerall cfficiency
of 25 per cent)

Lift in feet

Qallons per milnute 50 | 60 70 50 90 100 | 125 150 | 175 200

Horsepower required

2 0.10 - 0.12 014 | 0.16| o015 0.2 o0.25 030 035! 040
3 .18 18 .21 .24 .20 L3 .38 .45 .53 .60
4 20 M N ) .36 40 .50 000 70 .80
b 25 30 .35 .40 .45 50 .63 .75 .88 1.00
6 30 36 421 48 .54 60 .75 .90 1.05 1.20
7 35 42 49 .56 .63 70 .88 1.05 | 1.23 1.40
[ 40 48 56| .04 .72 8 | 1,00 120 1.40| 1.60
9 45 54 63 .72 S 90| 113 U35| Us| 1w
10 50 60 L T0 RO 90 Loo| 125 1.50 L7501 200

|
’ .
|
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Hand power is unsuited to large supplies or high lifts, Wind-
mills are more extensively used for pumping water than any other
source of power, and if well installed and maintained give good low-
cost service. In selecting an outfit, the prevailing wind velocity, the
size of the wheel, the diameter of the cylinder, nnd the lift should be
considered to nvoid overloading. Windmills are generally londed in
the Middle West to operate in 15-mile winds, starting to pump in
n 6 to 8-mile wind, doing excellent work in a 15-m.le wind, and
renching the maximum in a 25 to 30-mile wind., In mountainous
regions windmills are generally loaded for a 10-mile wind, With the
exception of Kansas and a few other states the most desirable wind
velocities for pumping rarely prevail as much as one-third of the
time.® The most common cause of overloading comes from using a
cyhinder excessively large in diameter. The longer periods of opera-
tion by small cylinders us compared to large cylinders, enables the
former, in the ‘course of a senson or Year, to pump more water.,
Cylinders nnd mills which have long, slow strokes nre recommended.
Recommendations and claims as interpolated from the cntalogues of
different manuficturers of back-geared windmills are given in
Table 9.

TaBLE 9. —Approrimate capacity of windmilis (from manufacturers’ ratings)

l Diameter of wheel 1
' Veloc- | [ 1
ity of 6 feet B feet 10 feet 12 feet

Lift | wind | |
per T —

| hour | Diam. | Ca- | Diam-| Ca- Diam-| Ca- | Diam-| Ca- |
t eter | pacity | eter | pacity | eter | pacity | eter | pacity |

of cyl- per | of cyl- per of cyl- |~ per of eyl- per

inder | hour Indcr' hour | inder | hour | inder houri

’ i
Feet | Miles | Inches Gallons| Inchea lGullom Inches  Gallons| Inches | Gallons
I Tas 10 140 315 | 320

214 | 44 1 420 5% (1,000 |
35 1 10 2 [ 12 3 | 270 4 360 5 | 675
50 10 13 1mo | 2% 180 314 305 4 520 |
75 10 . 251 135 3 235 | 3 365
| 100 10 2 105 2% [ 160 257 1 285
125 | 10 1 e | 2 125 213 | 200
25 15 3lg 250 5 560 7 11,19 9 | 2190 |
35 15 3 175 4 | 400 6 880 7 11,505
50 15 21 125 34| 280 5 610 6 1,185
LI Y 2 85 2{ | 190 14| 3 5 | 760 |
100 15 1% 60 214 1 140 3l 305 | 4| 565
125 15 214 115 314 250 335 450

Gasoline and oil engines are well adapted to farm pum ving and
may be equipped to stop at any desired pressure in the tanfc supply.
Hot-nir engines have had considerable use. The use of electricity for
pumping is increasing apidly.  The method is clean, quiet, and
convenient. and stopping and starting a distant pumyp by throwing
a switch may be a reality wherever trunsmission }ines are o 1ear as
to make this power available. Electric motors may be lnd in small
sizes und low powers and may be arranged to start and stop auto-
matically with changes in the tank pressure; two installations are
shown in Figures 21 ¢ and 25 7,

*1nformation on the veloeity and prevalence of wind may be obtalned from the U, S,
Weather Bureau, Washlugton, D, (.
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STORAGE OF WATER

ELEVATED TANKS

Water may be stored in wood, steel, or masonry tanks, and to se-
cure gravity delivery the tank must be elevated above all fancets.
Tanks placed in attics, burn lofts, nnd upon light trestles are un-
satisfuctory. The objections relate to insecurity and leakage, luck
of pressure, and unwholesomeness in summer nnd freezing in win-
ter.  Masonry tunks may be placed on a hill, silo, or masonry tower.
Where possible, un underground concrete tank on n hill is very de-
sirable, avoiding trouble with frost and giving a tem}‘)ered nnd sure
supply. Tanks should hold more than one day’s snpf) y. For wind-

mill supplies the require-
ments of a week or more
may be needed at times,

2 e e Y Tanks should be pro-

YMode 6°0C sach wey) o} :‘ vided with a waste pipe

et {4 and valve to facilitate emp-

Nacreen  — — |r tying and cleaning, and

'}‘4 without fail should be

60" Savere ete covered tightly for protee-

1750 Gals, ) tion against heat, cold,

J dust, vermin, and sun-

e 2y light. Where exposed to

v L; light, ground and filtered

W waters nre liable to de-

Pian of | i velop growths which in-
Piping below |, Howy stock fanerg =Bl part  objectionable odor,
'._é 2 taste, or appeuarance,

b . ; ] Figures Q.g 23, and 24

‘—[.rttﬂ/‘ A SR IR WA 29,
To Pump and . Fuozs show a number of poor
Buildings and good tanks.

Fia, 28.—Working drawing for a square, reinforced
concrete, underground tank.  Very  convenient HYDROPNEUMATIC
when emptylng and cleaning a tank, to have a TANKS
valve on the supply pipe and a valve on n branch
pipe or blow-off ending above ground and graded

to draln the higher situnted lplp(- and tank; clos \\'al(('l' may I)C St()l'(‘d
fug the maln valve and opening the hranch valve [
vmpties the tank and delivered to the

faucet by the use of a
hydropneumatic (water-air) tank. The tank nced not be elevated
and usually is conveniently located in a utility room. basement, or
cellar.  Hydropneumatic tanks must be absolutely air-tight.  Air
being lighter thuan water oceupies the upper portion of the tanl, and
it presses with increasing force against the water as either nore
water or more air is pumped into the tank. When nir and water
are under pressure the latter gradually absorbs the former, and this
absorption is the more rapid the higher the pressure.  From time to
time, therefore, the air supply must be replenished, or the tank be-
comes water-logged.  Maintenance of the air supply is a vital factor.
Inlet and outlet pipes must enter at the botton 0(! the tank.  Hydro-
pneumatic tunks are made of three-sixteenths inch or thicker steel
with riveted and welded or ealked joints, A runge boiler or other
thin-walled tank should not he us(*({ for this purpose. The smaller
tanks generully are galvanized nnd may set vertically or horizon-
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tally; the larger tanks are set horizontally. Figures 25 4 and ¢
show typicnl installations. ) ..

To obtain the best service from a hydropneumatic tank it is neces-
sary to carry an initial or excess nir pressure; that is, enough air to
give pressure when no water is in the tank. Table 10 shows what
percentage or fractional part of any tank, either vertically or hori-
zontally set, contnins water under varying conditions of gage pres-
sure and initinl air pressure.

TanLe 10.—Quantity of water in fractional part of total capacity of any
hydropnewmatic tank (bused on atmospheric pressure of 147 pounds per
squarc inch)

! i ) o R
Gage, Initial air pressure In pouuds Gage 1nitla) air pressure in pounds
pres- | = S I
sure | I '

(bs) o© 0 5 10 15 20 25

51025 0.7510.67 10,59
10 .40 71 .70 .62
151 .51 Wl .72 .65
20| .58 501 .74 .67
25| .63 .82 751 .69
30| .67 831 N
35| .70 .84 .78 .72
40| .73 .85 7 74

| A e _1

Table 10 has many uses. It shows that if water is pumped into a
tank having no pressure nbove that of the ntmosphere ‘until the gage
shows 5 pounds, the tank will be one-fourth (0.25) filled with
water: nt 15 pounds it will be about one-half (0.51) full; at 30
pounds it will be two-thirds (0.67) full; at 45 pounds it will be
three-fourths (0.75) full: at 60 pounds it will be four-fifths (0.80)
full.  An example will be helpful: Suppose a 220-gnllon tank is
half full of water under a gigre pressure of 45 pounds nnd it is
desired to knew whut quantity can be drawn before the pressure
reaches 25 pounds. Inspection of T'nble 10 shows that if half (0.50)
full ut 45 ponnds the initial air pressure muast be 15 pounds, and
nnder that excess a tank is one-fourth (0.25) full at 25 pounds gage
pressnre.  Therefore, 0.50 minus 0.5 equals 0.25, which, multiplied
by 220, equals 55 gallons, the avnilnble quantity. In general, the
working capacity of a tunk is from one- ourth to one-third of its
totnl capacity,

PLANNING A SYSTEM

Saflicient information has been given to enable the farmer to out-
line his plans. An exnmple will be helpful. Suppose a plant is
desired to meet the needs of 5 persons, 25 cattle (incln(ling horses
or mules), 50 sheep, and 50 hogs.  The average daily requirements
(see Table 1) would be as follows :

Gallons
5 persous at 40 gallons ench

S —— — —_ . 200
25 cattle at 12 gallons cach. S I 300
60 sheep at 1 gallon eaeh. _ P _ - s o0

50 hogs at 1 gallon each_

_____ e 50

Total ______________ —eeeem 000
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A suction pump would be used witl a shallow sugply (see Table
6); a deep-well punp or set-length pump would be used with a
decp supply. A suction pump probably would be located in n dry,
frost-proof basement, pump louse, pit, or underground concrete
chamber opening into the house cellnr. A deep-well pump probably
would be outside of main buildings: if in a pit or chamber, thera

should be a manhole over

125 5" o' a2y the center of the well to
7 i 1 permit  pulling up the
" -
e e et ' pump rod and drop pipe.
M To do the day’s punp-
< : ——— mg in two hours would
6 spart < 4 c—— B e
1 require a pump having
;g b o a ca})amty of 300 gallons
A { s - -5 )
27 .pm}t s A0 e ' per hour or 5 gallous per
I 6 apart }.-- ) minute, The more con-
- 1S 9 st » wer
8 apart LB 1 et mode tant the power, the more

Yapart. reliable the equipment,
and the mo re accessible
the repair parts the less
is the need of large water
storage, An automatie
electric-driven pump
(see fig. 25 ) may
have a pressure tank
‘arying in capacity from
10 gallons upward. Tt
would be arranged to
start. pumping when the
pressure fulls to 25 or 30
pounds per square incl
'\,m,__y\._,,, and to stop when the
=(IL1 pressure reaches 45 or 50
W L] pounds,  With very small

d 2 & tanks any considerable

use of water starts the
pump and delivers water
by direct pump pressure.
R0 e e yl0" e ale-20"s] The smaller pumYs nnd

Fira, 24.—Working drawlng for n combined coollng tanks 31‘1'(3 (‘Sl)e('lﬂ] Vv use-
room and round reinforced concrete tank. Sug- ful for cistern and other
gested  milxtures for concrete: Tank wnlls and

rlq,\ur:‘ﬁ l')l“‘\!ol'lllllll]“:( _’q Z:"(_l l\‘(:}lgl;l:- (;:n{l;lnti] '.:v\'(i)l]]l(l:lllll‘c?-( household S”l)l_)]i‘-"se__ but
coul(l'n;: 1'30m L;\‘l.ll](:s 1 1’0; 4 lf:‘ﬁmdutlon '1‘: 214 .5 the pump Czll):](‘ll‘\' (“‘1:“]'
lons per minute) figured
in the example, would give fair discharge from one garden hose
nozzle or two ordinary spray nozzles or two house faucets, Faster
use of water would require a larger tank; a tank 30 juches in dinm-
eter by 6 feet long, 220 gallous enpacity (water and air) should be
sullicient for short heavy drafts, having a working capacity of ap-
proximately 50 gallons (oil harvel capacity) between the usual stop-
ping and starting pressures noted above, 11 electric current cost 15
cents per kilowatt-hour the cost of pumping 600 gallons would np-
proximate 14 cents per day.
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F16. 25, — 4, Hiydropneumatic tank in basement ;. B, water softener—zeofites in a steel

tank; C, automatic hydro‘mc-umatic tank system; D, bore of small, cast-iron water
pipe after 35 vears’ use; E, a coid water valve for use on automatic systems; #, one-
Inch black wrought pipe lined with cement to a %-inch bore; bore ciear after 40 years
in the ground: elbow ; reducer ; G, slde view of short pieces of 1i4.inch, hub and
splgot, cast-iron pipe with foundry prepared iead joint ready for calking: H, end
vlew of pipes shown in G; 1, ciose nippie ; plug; face bushing; J, tee; union
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A larger tank wonld be used if the pump were not antomatic or
were engine-driven. Under those circumstances a hydropnenmatic
tank 42 mches in dinmeter and 14 feet long, 1,000 gallons total capac-
ity would be snitable.  With 20 pounds initial an pressure, it would
deliver 290 gallons between pressnres 45 and 25 pounds.  (See Table
10: 0.42 minus 0.13 equals 0.29, whieh, multiplied by 1,000, equals
290 gallons.) Hence it would be necessary to operate the pump
twice a day. If an elevated tank were to be employed its capacity
should be larger, the equivalent of the tank showu in Figure 23 being
suitable.

FIRE PREVENTION

Carelessness is the great fire hazard, and the watchword upon
every farm should be prevention first and protection second. To
fight a well-ignited fire successfully requives more water and higher
pressure than ordinarily obtained with farin water systems.  With
57 pounds pressure at the silleock. 50 feet of three-fourths-inch rub-
ber hose and an ordinary three-sixteenths-inel 75-cent nozzle, the
discharge is 715 gallons per minute—less than three pailfuls.  Such
a stream directed at a large fire avails little, on account of its dis-
persion by heat, and it may happen easily that no water reaches the
desired point.  Other practical difficulties relate to frozen pipe
lines, shortage or defects in the hose, misplaced nozzles, and lack of
experience in the skillful nse of the eqnipment when the time comes
to fight fire.  Althongh farm water systems are not generally given
credit in insurance ratings, they may be of great value if a fire be
discovered in its incipieut stnge, and it undoubtedly is wise, where
a pressiure systenn is installed. to provide a few well-placed hose
connections. An antomatie sprinkler system is very eflective in pre-
venting serions fire.  Such an installation in costly farm buildings
is a wise step. adding greatly to the value of the plant considered
as a going business.

WATER SOFTENING AND IRON REMOVAL

An excess of certain mineral salts dissolved in water makes it
hard. and there fore undesirable for drinking and cooking, ineifective
and costly for eleaning and laundry purposes, and canses it to form
scale in kettles. pipes, and boilers. Water may be softened for
laundry and cleaning purposes by dosing it withh ammonia, horax.
ot washing soda, all of which can be obtained at most grocery stores.
Similar treatment is unsuitable for softening drinking water or large
quantitics of water for boiler and general farm purposes.

Water softening is the process of preecipitating or changing the
form of the dissolved minerals which produce hardness. The process
further sceks to nentralize the free acids which eause corrosion. It
is a chenneal process and therefore is distinet from the renioval of
floating or settled solids suel as mud or silt.  Filtration alone does
not soften water.

The principal hardening constituents are the carbonates, sul-
phates, and chlorides of lime and magnesin.  The principal secale
forming constituents are the carbonates and sulphates of lime and
magnesia, and usually more or less solid matter such as mud or silt.
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Hardness caused by lime and magnesia carbonates held in solution
by carbonic acid may be partly removed by boiling the water which
drives off the acid or by adding lime water or caustic lime which
neutralizes the acid. Hardness caused by the sulphates of lime and
magnesia is not removed by boiling but may be partly removed by
adding soda-ash. Such water may be treated chemically to forn: a
more or less insoluble precipitate which may be removed by sedi-
mentation followed by filtration.

A group of impurities found in alkaline waters are sodium chlo-
ride (common salt), sodium sulphate (Glauber’s salt), and sodium
carbonate (soda ash). The first two constitute what is known as
white alkali, and the third constitutes black alkali. These com-
pounds are nonscale forming, but their presence in more than nor-
mal amounts makes water unfit for domestic consumnption. The
sodium salts are very soluble in water. They are not precipitated
by heat or chemicals nor are they removed by filtration, but they
may be removed by distillation. _

Household water softeners are on the market. In every instance
the water should be analyzed by a trained chemist to determine tlio
proper treatment. The Unitm{ States Department of Agriculture
1s unable to undertake the analysis or other examination of samples
of water submitted by individuals, since its authority for work of
this kind is restricted to official samples collected by the department.
No doubt many of the states are similarly restricted with respect to
analyses for individuals. However, those knowing of no private
chemist who makes water analyses and who desire to em loy one
can usually obtain information regarding competent chemists who
would be in a position to make these analyses by addressing the
State health officer, the State chemist, the director of the agricul-
tural experiment station, or the professor of chemistry in the State
or other university. Many manufacturers of water softeners hava
laboratory facilities and "do analytical work without charge to
prospective customers. Not less than one-half gallon of water is
required for an analysis. The water should be carefully collected
in a clean bottle.  The sample should be representative of the whole
supply and should be packed with sawdust or similar material in
a box or carton to prevent breakage or freezing.

Figure 25 22 shows a water softener of the zeolite type suitable
for honie use and costing from $175 upward, according to the size
and make.  The names and addresses of manufacturers can be ob-
tained from trade and equipment directories, which can often be
consulted in public libraries or cominercial houses. Operation of
this softener 1s not diflicult or costly, common salt being the only
chemical the householder uses to maintain it.  Zeolites are hydrous
aluminum sodium silicates, a hard granular mineral product msolu-
ble in water and having the power to exchange its sodiumn for an
equivalent amount of the calcium and magnesium in the hard water
passing through it. The quantity of dissolved mineral matter in the
water is not reduced. but its formn is changed. The life of the zco-
lite material is maintained by adding at the top from time to time
a 10 per cent solution of common table salt. The amount of salt
and t\le frequency of applying it vary with the hardness of the
water and the quantity of water used in the home. A report on one
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installation states that 300 gallons of water are softencd by one
charging of 8 pounds of salt; another states that 600 pounds of
salt a year softens 37,500 gallons of water.

Many waters, clear when drawn, coutain dissolved iron which
upon release of pressure and exposure to air settles ont as a rusty-
looking sediment.  Sinch water is likely to cause rust spots on laundry
work and is undesirable for other household purposes. Water of
this kind can usually be improved by thorongh aeration. followed by
a period of rest to settle the precipitate, and filtering the uppermost
water through muslin, linen, cotton dnek, or sand. The precipita-
tion of the iron is hastened by adding a little (determine the quantity
by trial) limewnter, a simple and safe solution obtainable at drug
stores or easily and cheaply made at home. Limewater is prepared
as follows: Put a small lump of fresh quicklime (caustie lime) in
a wood pail and slake the lime by gradually adding abont 30 times
its weight of water. Stir or shake frequently during one-hulf hour,
allow time to settle, and reject the liquid. Add to the lime residue
abont 300 ties its weight of water, stir frequently during the next
24 honrs, and allow the lime to settle. The clear water above the
undissolved line is limewater, and should be kept for use in large
well-corked bottles or carboys. There is some saving if the undis-
solved lime is bottled with the limewater, every time some of the
Hmewater is used adding a like quantity of fresh water.

Water containing iron can frequently be improved for laundry
purposes by adding a little limewater or washing soda to the water
m a tank or vat, stirring thoroughly, allowing the iron to settle
to the hottom, and drawing off the 11})])ermost (clearest) water for
use.  The water drawn off <hiould be filtered through cloth or other
muterial, but this is not n]wu}vs done beeanse of the inconvenience.
Long boiling of water is an aid to the precipitation of iron. but the
method is generally impractical.  Apparatus for the removal of
iron is npon the market, and the nmnes and addresses of nunnfae-
turers can be obtained from trude directories on file in many public
libraries.

Iron removal and water softening are subjects not casily under-
stood by the ordinary individual. Examination of the water is
always necessary to deterniine the proper treatment. (See page 37.)
The apparutus and piping should be adapted to the work to be done,
and should be suitably housed to protect from frost. The apparatus
is costly, and its operation can not be neglected. Individuals who
can afford sueh plants ov groups of farmers combining to install
thewr can obtain very good results., provided proper attention is
given to the operation of the plant.

PIPES AND FITTINGS

Galvanized wrought-iron or steel pipe screwed into galvanized,
beaded, malleable-iron fittings is genera Iy used for furm water pip-
ing, At greater cost, more lasting, cleaner-bore pipe, snch as ecast
iron, brass, tin-lined lead. or cement-lined wrought, is available.
Some of these pipes and the more connon screw fittings are shown
in Figures 25, £, 7, /I, I, and J. Further information on pipe
materiuls and sizes and methods of jointing, laying, and protecting
pipes is given in Farmers’ Bulletin 1426, “Farm Plumbing.”
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