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The Domestic Water Supply'on the Farm·
By

H. E. MURDOCK,
Agricultural Engineer

The best time to put modern conveniences into a home is at
the time of building. When this has not been done they can still
be installed later and give efficient sanitary service. If the dif­
ferent systems are 'not all put in at the same time they should be
installed in the order of their importance in relieving the drudgery
or housekeeping.

The foUl' systems needed for making the house modern, given
in the order of their importance (which should also be the order
of their installation) are: (1) the water supply system, (2) the
heating plant, (3) the sewage disposal system, and (4) the light
and power system. If a complete water supply system is to be
installed, a modern heating plant should be put in at the same
time to afford protection from freezing.

The most needed modern improvement is the water supply
system as it will greatly lighten the housework, reduce disease,
and better the sanitary conditions. A report on conditions in the
farm home, made by the U. 8. Department of Agriculture, says:
"Over and over again it is stated that an adequate water supply
in every farmhouse would be the greatest boon that could be given
the rural population. '1.'he labor involved in carrying for consider­
able distances all the water required by a large household and then
carrying out again all the household's waste is justly described as
one of the greatest, if not the greatest, of the farm woman's
burdens. "

In selecting a site for the farm home, an abundance o£ good
water is of first importance. It is an absolute necessity both for
the home and the live stock and always adds to the value of the
farm. With a supply of water at hand, the next question is getting
it into the house. That. many farmers are already interested in
securing a method better than carrying it in, is indicated by in­
quiries concerning the cheapest and best method o£ installing a
system of running wa,ter in the house. It is partly to answer such
inquiries that this bulletin has been prepared.
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Although much attention has been given to sanitary require­
ments in the water supplies of cities and towns, but little has been
paid to the water supply for the farm home and to the methods of
delivering it. It has been estimated that the average farmer's wife
lifts more than a half a ton of water per day. . This should not be,
Apart altogether from the work added to an already overburdened
member of the farm household, the time spent in unnecessary han.
dling this water, if spent in doing other work, would in less than
five years pay for a water supply system, including interest on the
investment. .

Requirements for a Sanitary Water Supply

The three rundamental requirements ror a sanitary water supply
are pu:rity. abundance, and convenience. A supply must be pure
to promote health and prevent disease. It must be abundant for
personal cleanliness, for washing utensils of the kitchen and dairy,
and for the laundry. It must be convenient to save labor and to
be available at all times.

A large majority of the farm water supplies that have been
investigated were found to be polluted, and the urban as well as
the rural population is suffering from careless or ignorant installa·
tion and management of the farm water systems. II disease exists
on a farm from which the city obtains food. the disease is likely
to be transmitted to the city people. .Food containers washed in
polluted water are dangerous for people using the food conveyed
in them, and the urban as well as the rural population should be
interested in securing pure water supplies for the country homes,

Sources of Domestic Water Supply

The greater portion of the domestic water supply in the country
is obtained from wells, springs, and cisterns. In some cases surrace
streams are utilized, but there is always danger of disease resulting
from the use of water directly from them. Such water should be
filtered and purified unless it is certain that there is no danger
in using it.

Any source or water supply should be located so that the Sill'

face drainage will be away from it, especially the drainage rrom
buildings and yards. The location of a spring is not easily changed,
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but by construction of the right kind a large amount of the pollu­
tion that reaches the water supply by direct drainage can be avoid­
ed. The earth should be banked up around the spring and the sur­
face water should be carried away from it. It would be unwise to so
locate the building's that the drainage water would flow from them
toward a spring' which is to be used as the source of the water
supply. The well should always be placed so as to avoid contami­
nation from surface or underground drainage. Mounding the earth
around the well and building a high curb will help keep out sur­
face water. The same precautions should be taken with cisterns.
The well or spring' should not be near cesspools or outbuildings
from which polluted water can seep through the soil to the water
supply.

Wells

Wells may be classified according to the strata :from which the
water is obtained as shallow wells, deep wells, and artesian wells.
They may also be classified according to the construction, as dug
wells and tubular wells.

Shallow wells obtain the water from the strata of earth near
the surface of the ground and the supply may be largely replenished
by local rains. Deep wells obtain water from strata at considerable
depth, and the source of the supply may be neal' the site of the
well or at a great distance from it. Artesian wells secure the water
from a. water-bearing stratum in which the water is under pressure
that forces it upward in the well when the stratum is. tapped. Arte­
sian water usually bas it source at a great distance from the well.

The purity of well water depends in a large measure on the
type of well supplying it and the strata through which the water
passes.

Dug wells are seldom less than 3 feet in diameter, are gen­
erally shallow, and lined wtih masonry. (See fig. 1.) Tubular
wells are usually drilled with a well-drilling rig and may range
from a rew niches in diameter up to 24 inches or more. Those of
large diameter are used for obtaining large supplies or water and
are made to admit centrifugal or turbine pumps. Some very deep
tubular wells have been drilled, but it is lIDusual for any water
wells to exceed a depth of half a mile and the majority are less
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FIG. 1. A dug well.
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FIG. 2. A tubular well.

7

than Fin feet deep. '1'he d(~ep well is wmully tuuular. (Sec fig. 2.)
A type of shallow tubular well is thc driven well, which cOllsists of
a pipe provided with an iron driving" point and a strainer at the
lower end. This pipe is driven into the ground until the strainer
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penetrates a water-bearing stratum, from which the supply is ob­
tained.

From the standpoint of purity of water and freedom from con­
tamination, deep wclls are generally purer than shallow wells and
tubular wells are generally purer than dug wells. The wells that
need to be watched for the purity of the water are those which may
receive pollution from surface or underground water draining into
them from stables, llal'llyards, cesspools, and other places of con­
tamination, or those found in a limestone formation where the water
runs in underground fissures or caverns and contamination may
enter the same as it may enter a surface stream. Figure 3 indicates
sources of pollution directly from the surface, which is the way the
greatest amount enters wells.

Wells can be protected from contamination by avoiding loca­
tions toward which the surface drainage naturally :flows and by
constructing water-tight platforms and water-tight curbs extending
below the surface strata to cxclude seepag'e through them. Rein­
forced concrete platform and concrete curbs with puddled clay
packed around them form good construction for the protection of
well watcr. Fig'ure 1 shows a dug well and figure 2 a tubular well,
both of which are protected trom surface pollution.

S!,rings

In the formation of springs, the water percolates through the
porous layers of the earth until it strikes an impcrvious layer of
rock or clay. 'l'hen it runs down over the top of this impervious
stratum until it reaches the surface at some lower level,where it
bursts forth, Springs may also be formed by water flowing through
fissures in rock until it rcaches the surface of the ground at some
point lower than its origin.

When the water supply is taken from a spring and the spring
itself is leept in a sanitary condiiton, there is usually not much
danger of disease germs infecting it. Frequently, however, there
are surrounding conditions that render the water dangerous. espe­
cially when the spring is rOlUld in a swale or a valley toward which

. the surface waters drain. Unless well protected, spring'S in such
places are likely to become polluted. 'rhey are also found in places
near which it may be undesirable to build the farmstead. Ho,vever,
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FIG. 3. Well pollution.



if the flow of water is sufficient, It hydraulic ram can be used to
force the water to the house even if it is a considerable distance
away. In mountainous country, springs and other sources of water
supply are sometimes so located that the water may be brought by
gravity to the fa.rm buildings and be under pressure there.

Springs can be protected by conducting the surface drainage
away from them and by building a water-tight cmb with a tight
cover. A tile can be built into the curb to serve as a spout.
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Cisterns

In portions of Montana where no other good water supply is
available, use can be made of cisterns to store the rainfall. When
properly constructed, these furnish a very desirable supply of water
for domestic purposes. It is essential that a cistern be built so as
to be free from surface pollution,· and the same precautions may
be taken as In'e suggested for wells. If the cistei'n walls are made
,vater-proof, the only danger of contamination is from surface
drainage.

Since there are sometimes long periods without any rainfall,
the capacity of the cistern should be sufficient to carry the family
and stock over such periods. The amolmt of Wl1ter available for
storage depends upon the amount of the rainfall and the area from
which the water is to be collected. With this information, the size
of cistern necessary to hold the water can be determined. Knowing
the amount of water necessary for the family and the stock during
the period of no rainfall, it can be detcrmined whether the supply
from the given area is adequate. Twenty-five gallons a day for
each person, 10 gallons for each horse, 12 gallons for each cow, and
1 gallon for each hog or sheep, is a fair average to provide.

The diagrams in figure 4 are plans for a cistern securing its
supply fl'oJD/ a· house 30 feet by 40 feet, where the rainfall is 18
inches a year and comes mostly within a period of four months.
This cistern will hold sufficient water to carry a family of five over
a period of three months and, with care, a longer period. It will
<larry this family, three horses, two cows, some hogs and some
poultry over six weel's. For a larger family and more stock or a
long'er period without rain, more roof area and a larger ~istern will
be required. The cistern shown in the illustration is provided with
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FIG. 4. A cistern with filter partition.

11
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a filter wall through which all water used for the house must pass.
The walls are spaced far enough apart to allow the removal of the
filtering material for cleaning.

FIG. 6. A filter separate from the ciste1'll.

Another type of filter is shown in figure 5. This is separate
from the cisterm and is provided with a removable cover to permit
replacing the filtering material and cleaning out the sediment.

A cistern may be built in one corner of the basement, or just
outside the basement wall, or entirely free from the house. When
placed in the basement or ncar the house, it is easier and cheaper
to get the water into the house, but vvhen so located care should
be taken to avoid dampness in the basement.

On account of the ease with which a rectangular concrete
cistern can be built, it affords rather cheap construction for large
capacities. In dry regions where it is necessary to store a large
amount or water, this type will prove to be cheaper than the round
eistern. The rectangular cistern is usually made 6 to 8 feet wide, 8
to 10 feet deep, and as long as necessary to held the required
amount. A team and scraper may be used to excavate most of the
earth, and the walls may be straightened by hand. Forms for the
interior may be made of straight lumber. which can be used for
other purposes after the concrete has set. Reinforced concrete walls
6 inches thick will be strong enough to resist the earth pressure
when the cistern is empty. If a long cistern is made, cross walls
for bracing should be constructed at intervals of 8· or 10 feet. These
should not extend entirely to the bottom as space must be left for
the water to pass under them.
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Water Supply Systems

1'he purity of the \Va t er depends to it certain extent upon the
source and the strata thrll11gh whi(:h it passes, but mostly upon
the protection afforded by the C(lnSlrllctioll at the source of supply
and the care of the water after it is drawn. '1'he abundance de.
pends upon the source and t he nature of the water-bearing strata
from which the snpply is taken and npon the delivery system. A
few systems will be discnss(~tl in the following pages.

In seeuring water lllllll~r l)l'cssurc there are three types of sys­
tems in use. 'l'hesc arc the (l1eYatcd tank, the pneumatic oi' pressure
tank, and the autopnemlla tie Systl'lll.

'1'he elevated tank llllllly be plaecd in lhe attic or upon a tower.
It will give good satisfaetion if heat if.: proyitled to protect it from
frcczing, or if it is immlated so as to hc free fro!n danger of
freezing. 'fhe attil: tank lIlay he l.wnHtt·l1cled of gnlvanized steel,
or wood lillerL with zinc or leal!, (11' of wrought it'on. It should be
provided with an Ilverflow pille. If the outside is metal, It drip
pun to catch the llwi:-.tul'lJ of cowlewmtion should be placed tmder
the lank lI11cl (~OHllccted with the overflow Ifill!'. A lHll'rel may be
used temporarily for a tank. Therc is daug'cl' of making an attic
tank too large 111lhlSH the flnor is cspeeially clw;igned to take the
load. Although most attic floors may be strong enough to carry
the loat! without excedill/-t II Hafe stress or erueking the plastering,
it is well to nxamillc the l~nllcliti()n of the floor, bcams,. studding,
etc., before suhjectiug- them to the load. Artificial heat may be
provided to keep the tank from fl'ce~iug.

If all deYa\;eel tank is usecl on a tower, the pipes entering the
tank !nust he well insulated, awl the point at which they enter
must be especially well prot<.~ct'('(l since it is at this point that most
trouble f1'om freezing is expericuced. A tower tank may be con­
structed of wood or of galvanized steel. '1'he pipes leading to it
may be protected by building a house around the tower and using
a stove for heat. hut grcat carc mnst he exercised to reduce the
danger from fire. If a windmill is used for pnmping the water, a
tank having any capacity up to 2,000 gallons may be supported on
the windmill tower as hig-It <Hi 40 feet above the ground. A larger­
tank should generally have a separllte tower.
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The pressure or pneumatic tank may be placed in the base.
ment, in the well-house, under the ground, or at some other con­
venient point where it will be safe from frost. The tank for this I
system contains both air and water under pressure. -I

i
For the autopneumatic system an air tank is provided to con- '

tain compressed air, and a specially designed pump is located in
the well. In this system water is delivered directly from the well
to the service pipes without being stored in a tank.

Some systems are better adapted to the use of certain h:inds of
pumps anc1 motive power than others, although most of them are
flexible in this respect. Hand pumps, windmills, small engines, elec­
tric motors, and hydraulic rams furnish a variety of equipment that
may be used with water supply systems.

Vilhere there is much pumping to be done, a hand pump will
prove unsatisfactory because of the large amount of labor required.
Considering the reliability of the gasoline engine and the amount
of other work it can be made to do around the house, such an
engine is recommended for use in connection with a water supply
system.

WIlen it is feasible to bring water from a spring by gravity,
this is one of the best methods of obtaining water under pressure.
In some instances a storage tank ncar the buildings may be neces­
sary to provide a sufficient supply for sudden drafts, as in the
case of fire, and in other places this may not be needed. To get
water ill this way, the spring must be at an elevation sufficient
to give the necessary pressure at the building site. The distance
such a supply can be conveyed economically depends upon the sizc
and length of supply· pipe required and the ditch construction
necessary to bury the pipe line to protect it from frost.

'r'he following s;ystems are discussed and illustrated to indicate
the variety in equipment that may be installed in the farm home.
Approximate bills of material are also given so that an estimate
.of the cost of a system may be made when prices of materials are
known.

System No.1

This system is the simplest, having only a kitchen sink and a
pump with the necessary pipes and connections. (See fig. 6.) If
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FIG. 6. System No.1 with pitcher lJUmp.

the water surface is so low that a pit(~her pump will not draw the
water from the well, a force pump will have to be nsed. 'rhls may
be placed low enough in the hasement 01' it may be necessary to
put it at the well, in which case a storage tank of some sort should
be provided. Figure 7 shows one arrangement where a force pump
is nsed. The pump cylinder will not draw water successfully more
than 15 to 20 feet vertically for Montana altitudes.

'l'he bill of material for this system is as follows:
Thirty feet or 1%-inch galvanized suction pipe (this length de-

pends on local conditions).

Two 1%-i11ch elbows.
One 11,4-inch foot valve (this may be omilted in some cases).
One pitcher pump (or one force pnmp).
One kitehen sink and brackets.
Thirty reet of 1%-inch galvllllir.ed drain pipe.
One 1%-inch trap.
One 11j2-ineh elbow.
A line of 4-inch drain tile or a cesspool.
The materials ror this system will cost between $20 and $35.
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BtI.5ement
Cistern

pr

Well

Fir.5t

FIG. 7. System No.1 with force pump.

Floor
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System No.2
In the RyRtem shown itt fig-lll'e S a fnrl'e pnmp is rcqllirccl. In

Bath Tub

,:
10
'0
'I
1
I

Trap

Floor

FIG. 8. System No.2,

a<lditiun til !'Cluipull'llt. similill' In that liste'l for the first system,
this has <l bathtuh lIud a l'alll!U hoilel'. By the usc of this system
hot or eold ,,"afnr ('illl I,,~ }llllll!HHl illto the kitclwn sink or the bath­
tub, or warm wah~l' t~all lie siphoned from the boiler to the sinle.
'l'h is is made possible hy tllC lISC of a three-way cock, shown in
scntion at the left sillt: Id' fi~uro 8. 'Whell in the 11osition shown
aull with the faucet "A" open, enid wilter if; pumped into the
sink If"A" is closed, nold water is jllHnpccl into the bathtub.
Whell the three-way enck if.; turned ollc-quarter of the way around
to the left and the fauf'ct j!> open, I!Oltl wa tel' is pumped into the
boiler, which forces hot watet' 011 t through the faucet into the
the siuk: if"A" is dosed, the hnt wator is forecd into the hath-
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tub. When the thrcc-'way cock is turned halfway around with the
faucet open, warm water will be siphoned from the boiler into the
sink. With the cock in this position, the boiler full of water, and
the faucet" A" closed, the pipes form a circulating system :for the
hot water which will Ill'cvcnt the freezing of the pipes above the
kitchen floor if the fire is bunked in the stove over night. To pre­
vent freezing in the suction pipe, it should be tapped just below
the three-way cock and an air-cock screwed in. To drain the suc­
tion pipe, the air-cock is opened and the pump handle is raised to
the highest position and held there until all the. water is drained
out. If there. is to be no fire in. the stove for several days in the
winter or in very severe weather when there is danger of the
system's freezing, all the water can be drained out by turning the
three-way cock one-quarter turn to the left from the position shown
in figure 8 and holding the pump handle in the highest position
while the water is siphoned from the boiler. After all the water
possible is siphoned out, the little remaining in the boiler can be
drawn off through the faucet at the bottom. With this arrange­
ment for draining thc system, a foot-valve can not be used on the
suction pipe.

The bill of materials for this system includes all items for sys­
ten No.1, except the 1Vl-inch foot valve. A force pump will be
required. In addition the following materials will be needed:

One range boiler.
One hot-water front.
Twenty-five feet of I-inch pipe.

Eight I-inch elbows.
Four 1 inch T's.

Three 1-inch by %-inch compression bibs or faucets.
Four 1-inch unions.

One I-inch three-way cock.

Twelve feet of 11j2-inch galvanized dra.in pipe.
One 4-inc11 cast-iron drum trap.
One bathtub.

'1'11e cost for the materials in this system will be between $75
and $100.
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System No.3

In the system shown in figure D a pressure tank is indicated in

FIG. 9. System No.3.

the basement. A hand pum!) is !-ihOWll for pumping water into the
tank, but a small engine is reeolllmended for this work. This sys­
tem includes complete equipment for kitchen, bathroom, laundry
and an extra toilet.

Instead of using' I-inch delivery pipe and connections as indi­
cated for system No.2, ry,:l-ineh connections and pipe are used. In
addition to these and the other materials listecl for thnt system.
No.3 will require:

One pneumatic 01' pressure tank.
One pressure gauge.
One lavatory.
Two toilets.
One set of lauudry tubs.
Eight %-ineh elbQws.
Ten %-ineh T's.
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Eight %-inch faucets,
Two lY2-inch traps,
One liS-inch air-cock.
One hundred feet of %,-inch pipe.
Thirty feet of 4-inch soil pipe, traps, and Y's.

Without laundry tubs and extra toilet this system can qe put
in for as low as $185. With more expensive equipment the cost
may run to over $500.

System No, 4

In figure 10 is indicated a system that may appeal to many

~,rY.~:~ r'~IJ'PPttt"

St." 7t1f11r :
Alflc. C',uf'" 'B",.,.,I ; ,,. St6rd AHm

-----1.";"",
I',I
""

j.~
-~
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BATH ROON /ntIi<.ilhv J<ITCH£IV
Pipet mtlf " pkt"tI elllJ,~ 'f)lld, ..~..~,~, .~v q!1l"Jd~ #I wtl!J.J

~c·;,~:)'"T"~
r1:""'-.1 ~~iJfflI'"

II

1'-/
ChUk_W?

! W6fuFrMfi
S.Ih .,.,/>

U

FIG. 10. System No.4.

farmers and will give a great cleal of satisfaction for the expense
involved. For this system a tank or barrel is used for the range
boiler. It is placed in the attic over a partition, which gives added
strength to the floor. vVhen a tank is placed overhead, some such
precauti011 as this should be taken to insure safety. The materials
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required for this system differ very little front those called for in
system No.2. An attic tank or ourrel is used instead of the range
boiler, and a ehcek valve instead of the three-way cock. This
system l'lHluires al)()ut 15 feet more of 1-ineh pipe, an indicating
device, and }lipc for au nil' vent. A lavatory is also shown. 'l'he
cost of tIli~ Rystell1 will not differ from that of system No.2.

FIG. 11. KitdHm cqui!)pcd with barrel elevated tank system.

r"i!,r\ll'H 11 ~lwws a vicw of a ldtehcn equipped with a simple
system for obtaillillg' warm wat<~l' under pressure. 'I'his relieves
the 'YlIInell (If t1H' h(~av.)' work of lifting water, but it does not do
away wil h 11w drndl:wry of currying the water into the house. 'l'his
task should be IJ<'l'formecl by the men of the family, An ohjeetion
that. may Iw Offl~l'(Hl is that the oa1'l'('l ol~etlpies vnlllclhle SpeWC in
tile kil;l~lwll, hut if it if; loeated oycr the fuel box uo floor splwe
will he 1..:-;1. 'l'lw watel' level should always be kept above the
t1}Il'ltH' Iii}!\: leacli1lg' {o the hal'l'cl. 'l'lw pipe Jell/ling to the f:ixtmcs
is not sll(l\\'1I. 'l'hc eost of the materials lor this system will prob­
allly he hntW(~l~1l $10 and $20.

Any cd! the systmu:- shown lllay he modified to snit individual
tastes and to meet the requirements of the honse in which it is



22 MONTANA EXTENSION SERVICE

to be installed. The relative location of kitchen, bathroom, and
laundry may necessitate a different arrangement of the piping. .A..
system less complete than No. 3 but more so than the others may
be desired, while, on the other hand, one still more elaborate than
any shown may be desired. For instance, a farmer may want a
system to extend to the barn and yards, in which case a tank of
larger capacity than any shown and an engine to pump the water
will be necessary. Or if a large amount of stock is kept, an ele­

vated tower tank of large capacity will be desirable, especially if
it is protected from freezing. .

SEWAGE DISPOSAL

When a complete water supply system such as that shown in
No. 3 is installed, some provision must be made for taking car~
of the waste water an(l sewage. Whenever sewage from toilets is
to be disposed of, a simple drain line will not do the work. In
sandy or gravelly soil a cesspool will prove satisfactory for a few
years, unless there is (langeI' ofcontamil1ating the well or spring
from which the water is obtained. The leaching cesspool consists
of a hole in the ground usually walled with brick laid loose. The
sewage runs into the cesspool and the liquids drain into the soil.
In time the pores fill up and the cesspool will cease to work satis­
factorily. The septic cesspool is made tight at the bottom and sides
and the liquids drain out into the soil through a tile near the top.

In order to avoid the danger of contaminating the water,
sewage should be rendered harmless before it is allowed to escape
into the soU. One of the best methods yet devised for the isolated
home is that of the septic tank. In this system the liquid and solid
wastes are run into an air-tight chalDJber where certain bacteria
working in the absence of air liquefy and gasify the solids. When
this is completed, the gases escape into the air and the liquids are
ready to be further Rcted upon by bacteria that work in the pres­
ence of air and purify the liquids to such a degree that they are
no longer dangerous. Many designs of septic tanks have been pro­
posed, but their relative merits have not yet been determined.*

*For fuller information on sewage disposal, send for Bulletin 137,
The Septic Tank: A Method of Sewage Disposal for the Isolated Home, Mon­
tana Experiment Station, Bozeman, Montana.



DOMESTIC WATER SUPPLY ON THE FARM 23

For the first treatment, an air-tight, concrete tank is suitable. This
may have u seeoncl 01' siphon chamber to hold the liquids until a
certain quantity is collected. They can then be discharged auto­
matically into the disposal area to receive a final treatment. 'l'his
may be had in the natural soil if it is of 11 sandy or gravelly char­
acter, or a filter heel may be required.

:2f?;A~~Y;;;'~'};;;i'<i:~i.fj7~~:';~~t/;<':;-f~:S}}:t{l~

~:':'::'- -~ I:'..:~::.
J=.-:-,.lI- .~-_.__._- ·__ ·__ ·-1f-+--t:+

8

FIG. 12. A simple septic tank.
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The tank shown in figure 12 is one of the simplest and cheap­
est now being experimented with at the Montana Experiment Sta­
tion. It has given satisfaction in some of the North Central States
and here. It consist of a single chamber for the preliminary treat­
ment of sewage. A. line af 4-inch drain tile, ranging from 70 to
125 feet in length, is provided for the final treatment. The liquids
soak into the soil from the tile line and are acted upon by the
oxygen-using bacteria. The size of the tank and length of tile de­
pend upon the amount of sewage to be treated, and this in turn
depends upon the kind of water supply system and the size of the
family. The one illustrated is designed for a house with a com­
plete water snpply system and a family of five to eight persons.
This tank requires 17 sacks of cement, 1.6 cubic yards of sand,
3.4 cubic yards of broken stone or pebbles, six 1/2-inch rods 10 feet
long and fifteen liz-inch rods four feet long for reinforcement in
the top slab. In addition to this an IS-inch manhole, two gO-degree
4-inch sewer tile elbows, and an inlet pipe are required. For the
disposal area from 70 to 125 feet of 4-inch drain tile is needed.
The cost for materials for this system will vary between $25
and $45. .

The title line should be laid deep enough to be out of danger
from farm implements and to be free from the danger 0'£ frost.
Under bacterial action heat is evolved which lowers the m'inimum
outside temperature necessary to freeze the liquids. Some pre­
liminary experiments conducted through two winters indicate that
a depth of 14 inches from the ground surface to the top of the tile
is sufficient for conditions at Bozeman. The title should be laid
carefully to grade and given a fall of about one inch in a length
of 100 feet. If more than one line is used~ they shonld be from
8 to 12 feet apart. If the soil is of heavy nature, it may be neces­
sary to place sand, gravel, or cinders a foot or more deep under
the tile. If the ground in the disposal area becomes seeped, a
drain line parallel to the disposal line may be required to carry off
the water, but this will seldom be necessary unless there is a hard­
pan subsoil.
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