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I. Necessity for Public Water-Supply Systems.-Except
in the case of a very small community, a public water-supply
system is practically a necessity. Individually-owned wells
or springs are satisfactory sources of water supply for isolated
houses or industries. However, in a community of appreciable
size in which buildings are close together, such sources cannot
provide enough water for fighting fires and for commercial and
industrial purposes, in addition to the water that is required
for drinking and household use. In a public system, water is
conveyed from a source of supply to the residences, business
buildings, and other outlets through a network of pipes, which
are laid under the streets. The water is brought into the
buildings from the main pipes, or wains, in the streets through
small pipes, called se1vice pipes. It is then delivered to various
points in the building by the plumbing system within the building. In order that the system may function properly, it is
necessary to provide accessories, such as reservoirs, fire hydrants,
valves, meters, and, in most cases, pumps.

2. Surface Water and Ground Water.-The origin of all
sources of water supply is precipitation in the form of both
rain and snow. Part of the rainfall or melting snow is evaporated into the atmosphere. This process is continuous, the
rate of evaporation depending on the area of the exposed surCOPYRICHT"EO 8Y INTE'tNATIONAL TEXT80::t-K CONr'ANY.
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The water that flows over the surface of the ground is known
as surface water. It tends to flow into rivers, lakes, brooks,
or creeks. The water that seeps into the ground is known as
growrd water. It continues to sink until it reaches an impervious
layer of rock or other material and it then tends to flow along
the upper surface of that layer. In any locality, the upper
surface of the ground water is known as the water table.
Both surface water and ground water can be used as sources
of water supply for communities. The best source in a particular case depends on local conditions. The primary requirement is that the yield of the source, or the amount of water
that can be obtained from the source, should be adequate.
In making a selection between two sources with ample yields,
the deciding factor generally is the total cost of developing
the supply, constructing the distribution system, and treating
the water to remove impurities or to kill disease-causing bacteria.
Surface water may be stored by building dams across streams
and thus creating reservoirs. In this way flood-waters may be
retained for use during dry periods. Ground water cannot l,>e
confined at a selected site; in certain places it flows from springs,
but usually it is reached by means of wells.
3. Comparison of Surface Water and Ground Water.
Water that flows over the surface of the ground is almost always
contaminated by materials on or in the ground. Such surface
water generally picks up a considerable amount of soil and,
therefore, may appear muddy, especially immediately after a
storm. Also, streams that receive the discharge from sewers
or manufacturing plants or the wash from barnyards may be
dangerously or unpleasantly polluted. If the water is allowed
to stand in a pond or lake, much of the solid matter that is
picked up from the surface of the ground will settle to the bottom
of the pond or lake. Sunlight on the surface of the water has
a purifying effect. In any case, however, polluted water can

be made fit for use by proper treatment, the cost of which is
relatively small. The elevation of a surface supply is often such
that the water may be delivered to the consumer without the
necessity of pumping.
As water seeps through the ground, much of the solid matter
that has been picked up on the ground surface is removed by
the straining action of the soil particles. Heuct:, ground water
ordinarily is clear in appearance, but it usually contains minerals
in solution and may be dangerously contaminated. Where
ground water is used for public supply, it must, in almost every
case, be pumped to the consumer.

4. Yield of Source.-The yield of a source of water supply
depends mainly on the following three factors : the area_ of the
watershed, or the portion of the earth's surface from wh1ch the
source receives its water; the amount of rainfall per unit of area;
and the character of the soil on which the rain falls. The limits
of the watershed for a given source of surface water can be
determined by means of a map of the type shown in Fig. 1,
which represents a watershed area surrounding the headwaters
of a comparatively small river. Such a map indicates both the
relative positions and the relative heights of the various points
on the ground. The relative heights are shown by the irregular
lines that either form closed circuits or end at the boundaries
of the map. These irregular lines are known as contours. All
points on a particular contour are at the same height above a
certain horizontal reference plane, which is usually the average
level of the sea. The heights of some of the contours are shown
by numbers, and the heights of the other contow-s can also be
determined from these numbers. In the illustration, numbers
are placed on the contours whose heights are multiples of 100
feet, and these contours are also made somewhat heavier than
the others. The numbers that are not multiples of 100 feet
indicate the heights of the various summits. The full lines on
the map that cross the contours represent watercourses. A
number of lakes and ponds are also shown.
If a dam is to be located at the point a, the extent of the watershed area above that point is indicated by the dotted line, which
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joins various summits, as b, c, d, and e. All of the rainfall that
remains on this watershed as surface water will eventually
arrive at the point a.
A careful geological survey is usually required in order to
ascertain the probable surface area that feeds an underground
supply.

FIG.

I

5. T he amount of rain that falls on a unit area in a certain
period of time, as a year or a month, varies considerably , not
only in different localities but also from month to month and
from year to year in the same locality. However, r ainfall
records have been kept for many years in most parts of the
United States and, from these records, it is usually possible to
predict with a fair degree of accuracy the total rainfall on a
particular watershed over a period of several years and the
minimum ra infall over a period of several months. In the
eastern part of the United States, along the Atlantic Coast, the
average rainfall is 40 to SO inches per year, 1 inch of rainfall
being the amount that would cover t he area on which it fell to
a depth of 1 inch if all the water remained where it fell. Along
the Gulf Coast, the annual rainfall is 50 to 60 inches; in the
Mississippi River Basin, it varies from 25 inches west of t he
river to 40 inches east of the river; in the Rocky Mountain
region, it varies from 10 inches in the south to 20 inches in the
north ~ and, along the Pacific Coast, it varies from 20 inches in
the south to 60 or 80 inches in the north. Also, the rainfall on
any given area in a year of minimum rainfall is generally about
60 per cent of the average amount.
F or a given watershed, the per cent of the rainfall that will
be available as surface water and the per cent that will sink into
the ground depend on the cha.J:acter of the soil. If the soil is
sandy, less water will be retained on the surface and more will
become ground water. A rocky watershed will produce a
larger amount of surface water and less ground water.
Since the area of a watershed is constant and t he per cent of
rainfall t hat becomes available as surface water is approximately
constant for a given watershed, the yield of a source of surface
water can usually be estimated in advance with sufficient
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accuracy for practical purposes. The estimated yield of a
source of ground water is generally based on the results of tests
on wells in the vicinity.
6. Wells, Springs, and Infiltration Galleries.-Most underground water is obtained by means of wells. In Fig. 2 is shown
a sectional view of the ground in a particular area. Some of the
rain that falls on the area seeps through the surface soil a into
the layer b of sand and gravel. Because of the impervious
layer c of hardpan and rock, the water cannot sink further;
and the water table rises until its highest level is along the
line de, which separates the porous layer b from the relatively
impervious surface layer a. If a well is dug at f or g, water
will be obtained from the porous layer b at a comparatively
small distance below the ground surface, and the well is called a
shallow well. Between the impervious layer c and solid rock,
there is a layer h of porous sandstone, which is exposed at the
ground surface at some distance from the area that is here shown
in section. The rain that falls on the exposed portions of the
layer h collects at the lowest points of that layer. At i is shown
a well that obtains its water from the layer h at a relatively
great depth, and this well is called a deep well. If the water is
under pressure and tends to rise in the well above the level at
which the water is first reached, the well is called an artesiat~
well. In some cases, the mouth of a well, or its outlet at the
ground surface, is so situated that water will flow from the
well without pumping. Such a well, which is known as a
flowing well, is indicated at j. Every flowing well is also an
artesian well, but all artesian wells are not necessarily flowing
wells.
At k is shown a spring. This is really a natural flowing well,
since a break in the layer a of surface soil permits the water to
flow to the top of that layer without pumping.
In some places, water is collected by means of perforated
pipes that are laid underneath the sandy or gravelly bed of
a stream or in the sand or gravel along the bank of the stream
below the water level. Such a collecting system is known as
an infiltration gallery. Thus, the pipes l are laid along the
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bank of the stream below the water level and collect the water
from the porous layer of sand and gravel. This water is carried
through the pipes to a pumping station.
CONSUMPTION OF WATER

7. Uses and Waste of Water.-The various uses to which
water is put may be divided into the following three classes:
(1) do~estic, (2) commercial and industrial, and (3) public.
D omestic consumption includes only water that is used in
residences for household purposes and for sprinkling lawns.
Commercial and industrial consumption includes water used in
offices and manufacturing plants. The most important public
u ses of water are for fighting fire, sprinkling streets, flushing
sewers, and operating fountains. Leakage and waste may occur
in connection with all three classes of water usage.
8. Variations in Consumption.- The rate at which water
is consumed varies greatly in different communities and also
fluctuates considerably in the same community from hour to
hour, day to day, month to month, and year to year. For
example, in the smaller cities in the southern part of the United
States, the consumption may be only 40 to 60 gallons per capita,
or per person, per day; while, in the western part of the country,
~here there is little rainfall and much water is used for irrigatmg lawns and gardens, the daily consumption may be 250 or
more gallons per capita. Besides the climate and the habits of
the people, other important factors that affect the amount of
water consumed are the number and types of industrial plants,
the extent to which meters are used, and the amount of leakage
from the pipes. An industry that uses large quantities of water
will increase the consumption considerably. The consumption
is generally less in cities in which all senrices are metered, so
that each conswner pays for the e.xact amount of water he uses
than in cities in which there are no meters. The amount of
water lost because of leakage depends on the condition and
length of the pipes that carry the water and on the pressure in
the pipes. As an average, the consumption of water in the
United States may be taken as 100 gallons per capita per day.
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9. Hourly variations in the consumption of water in a
community are due to variations in the activities of the people
at different times of the day. The rate of consumption increases
after 7 A.M. and decreases after 7 or 8 P.M. Daily variations
are caused by inactivity on Sunday, washing of clothes on
Monday, and other special operations or shutdowns on other
days. Monthly variations depend mainly on weather conditions. Obviously, less water is used during cold weather t han
during hot, dry weather. The most important causes of yearly
variations are changes in the population and increase or decrease
in industrial consumption. Variations in the consumption of
water must be taken into account in the design and operation
of the parts of a water-supply system. The maximum hourly
rate may be as much as 3 times the average rate.
RESERVOIRS AND WELLS

10. Storage Reservoirs and Distributing R eservoirs.
Where the total yearly flow in a stream is more than adequate
for the demands of a water-supply system, but the minimum
flow during dry weather is insufficient, a storage reservoir is
necessary to collect and hold the flood-flows. The required
size of a storage reservoir will depend on the relation between
the dry-weather flow and the maximum demand of the community that is to be served. A storage reservoir is usually
formed by constructing a dam across the stream at a favorable
location. The dam should preferably be at a point where the
stream is narrow and where the valley above the dam is wide
and relatively flat. The water from the storage reservoir is
carried to the community in one or more pipes.
In most water-supply systems, the water from the supply
line flows or is pwnped into a distributing reservoir. Such
a resenroir may be a small lake, a specially-<X>nstructed concrete tank set into the ground, or a standpipe or elevated tank
of steel or concrete. In any case it is desirable to have the
distributing reservoir so located that the water will flow from
the reservoir to the consumer by gravity. If possible, the distributing reservoir should be large enough to hold several days'
supply of water. Where a distributing reservoir is used, the
609-2
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following advantages are obtained: The supply pipe from the
storage reservoir to the dist~buting r~rv?ir ~n be made
smaller than in a system wtthout a distnbutmg reservoir,
because this pipe only has to carry a flow equal to the average
demand. Also, if pumps are used for delivering the water to
the distributing reservoir, they may be operated at a uniform
rate, as any peak or maximum demand can be supplied directly
from the distributing reservoir. Furthermore, the supply
line can be shut off for repairs without discontinuing the service
to the consumers.
11. Construction of Shallow Wells.-8hallow wells for
municipal water supplies are usually large circular wells, sometimes called opm wells. Ordinarily, the diameter is not less
than 10 or 12 feet on the inside, and the walls are of masonry or
of sheet piling. The bottom of the well is left unpaved to permit
the inflow of water, but the top should be covered to prevent
surface pollution and the growth of algre and other objectionable
plant life.
In some localities a shallow well, called a tubular well, is constructed by forcing into the ground a pipe that is usually not
more than 4 inches in diameter. The lower end is pointed to
facilitate driving and a perforated section is placed above the
point in order to admit water. Sometimes larger tubes with
open bottoms are forced into the ground by means of a water
jet and the earthy material is excavated from within the tube.
When the tube is in its final position, a screen or strainer is
placed at the bottom to prevent the entrance of sand or mud.
12. Protection of Shallow Wells.-The water in a shallow
well may become contaminated from the ground surface through
leaks in the cover or walls, or the ground water may be contaminated from a near-by source of pollution. Therefore, shallow
wells must be so located that the opportunity for dangerous
contamination of the water from subsurface sources will be
reduced to a minimum. Also, the cover of the well and the
part of the lining within 8 feet of the ground surface should be
water-tight.

I
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13. Obtaining Water From Shallow Wells.-The yields of
large circular wells usually range between 100,000 and 1,000,000
gallons per day. Since they draw water from strata that are
near the ground surface, the water may be pumped by almost
any type of pump. In some cases the pump is placed in a
sump beside the well. A series of tubular wells may be connected by a series of branch lines and a main, so that only one
pump will be needed for a number of wells.

14. Typical Construction of Deep Wells.- The diameter of a
deep weU has little effect on the delivery of the well, the yield
in any particular case depending rather on the depth of the well
below the top of the water-bearing stratum. In general, the
diameters of deep wells range from 8 to 16 inches but may be
as small as 4 inches.
At the bottom of the casing, provision must be made for
allowing water to enter and for keeping out sand and mud. A
special strainer is attached to the lower end of the well casing
or is inserted between lengths of well casing when water is to be
drawn from two different levels.
A good type of construction for a deep well is shown in
F ig. 3, which is adapted from the J ournal of the American
Water Works Association. A layer, or wall, a of gravel is
deposited around the casing bottom or strainer b. This is
accomplished by sinking a double casing during the construction of the well and depositing the gravel in the annular space c
between the inner casing d and the outer casing e. Meanwhjle,
the earth is removed from within the inner casing. When the
well is finished, the outer casing is raised to the position shown
and the gravel remains around the screen of the inner casing.
This gravel lowers the velocity of the incoming water so that it
cannot carry sand into the inner casing.
Leakage between the top of the casing e and the bottom of
the upper casing f is prevented by the concrete seal g. The
water from the well is drawn into the pump h through the
strainer i and the suction pipe j. From the pump, the water
passes through the pumping column, or riser pipe, k to the
discharge pipe, which is not shown in the illustration.

~B
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15. Protection of Deep Wells.-There are three potential
sources of contamination of water from a deep well : namely,
surface drainage through the top of the well; leakage through
the casing; and contamination through underground sources.
One method of preventing surface seepage is to have the well
casing extend from 7 to 24 inches above the ground and to have
the discharge pipe also above the ground surface.
Since it is possible to bore a relatively smooth hole in most
solid rocks, the use of a casing may be avoided in such strata.
However, where a casing from a porous stratum above or below
joins the rock stratum, there is generally a tendency for leakage
to occur. Such leakage is usually prevented by filling the space
between the casing and the rock with grout, which is a mixture
of cement and water. After continued service in the ground,
the casing may corrode to such an extent that holes will be
formed in it. Contaminated water from a stratum near the
ground surface may then seep into the well.
Except in limestone districts, the leakage of contaminated
water through underground channels and into the strata supplying the ·well is not frequent. Nevertheless, such underground
flow may sometimes occur in any district. Once the well is
constructed, no measures can be employed to prevent contaminated water from entering the regular supply, but it is
always possible to apply a purification treatment to a contaminated supply.

fine materials that were carried in suspension in the water, but
more often is formed by materials that were carried in solution
in the water and were deposited because of the lowered pressure
created by pumping the water. The deposits of soluble materials generally contain lime, which tends to cement the other
materials together, and a hard solid lump may t hus be formed
around the screen intake.

12

16. Maintenance of Yield in Deep Wells.-When a deep
well has been put into service, it is desirable to maintain a yield
that is as nearly constant as possible. Often, however, the
yield of a well decreases materially as time elapses. In some
cases, the decrease in yield is due either to a decrease in the
supply of ground water by a prolonged period of drought or to
a lowering of the water table by excessive drafts from other
wells in. t he vicinity. Under such circumstances, there is no
satisfactory method for increasing the yield of the well.
In many cases, the decrease in yield is due to clogging of
materials around the screen or in the openings of the screen.
This clogging is known as i11Cmstati01~. It may be caused by

13

17. The incrustation that is formed by the deposit of fine
suspended materials around the openings of the screen may be
dislodged by pumping water back through the well or by forcing
a jet of steam or compressed air through the openings of the
screen. When the incrustation is formed by deposits of soluble
materials, as is usually the case, the remedy is either to remove
the screen and clean it or replace it, or to treat the incrustation
with acid that is poured into the well. Generally, muriatic acid
is used, but occasionally this acid must be followed by sulfuric
acid to dissolve the incrustation. After sufficient acid has been
poured into the bottom of the well to fill completely the volume
enclosed by the screen, the well is capped for from 8 to 12
hours. Then the water is caused to surge gently by one of the
following methods: moving a plunger up and down; raising the
head by pouring water into the well; adding compressed carbon
dioxide; or capping the well and forcing in compressed air under
a moderate pressure. The compressed carbon dioxide, which is
known commercially as dry ice, undergoes sudden expansion as
it returns to a gaseous state, and thus creates a great pressure
that provides an artificial head in the water. For wells from
6 to 10 inches in diameter, about 10 to 15 pounds of dry ice
are sufficient for the surging action. The dry ice should be in
small pieces.
After the gentle surging, the well is again capped for from
2 to 4 hours. The water is then caused to surge more violently
by means of a plunger, dry ice, or compressed air. If dry ice
is used for this second surging, about 25 to 50 pounds are
required for wells from 6 to 10 inches in diameter. Generall~,
the dry-ice method is more practical than is the compressed-aumethod.
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The yield of a deep well can sometimes be increased by the
use of high explosives in the form of torpedoes, which are
lowered to the bottom of the well and are then detonated. As
a result of the explosion, fissures are opened in the underground
stratum and the water has a freer passage to the well This
operation, which requires considerable skill and should be
attempted only under the direction of an expert, is of little
value in sand formations.

Fig. 4. One end of each length of pipe is narrow and is called
the spigot end; the other end is enlarged so as to r~semble a bell
and is called the bell end. The spigot end a of one length fi~
l~osely in~ the bell end b o_£ the next length. In the type of
ptpe here dlustrated, the sptgot end is set in the ring c at the

14
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DISTRIBUTION SYSTEM
PIPE LINES AND ACCESSORIES

Supply Conduits and Street Mains.-Water is generally
conveyed from the source of supply to the distribution system
in a closed pipe that is usually constructed of cast iron or steel
but is occasionally of concrete or wood. Transportation of
water for public consumption in an open ditch or canal is
objectionable because the water is likely to become contaminated in transit. The pipes of the distribution system, or
the street mains, are almost always of cast iron. However,
such pipes are sometimes made of steel, reinforced concrete, or
transite, which is a mixture of asbestos fiber and portland
cement.
The street mains must be large enough to supply water at
the maximum required rate. They are usually between 6 and
48 inches in diameter. Also, the wat er in the mains should
be under sufficient pressure to flow to all outlets in buildings
?f m~erate height. A pressure of SO to 60 pounds per square
mch ts usually most satisfactory. An excessive pressure causes
leaks in the mains and plumbing. Very high buildings have
their own pumps for raising the water to a distributing tank on
the roof. The high pressure needed for fighting fires in a
community is usually developed by fire engines.
18.

Joints in Pipe.-Pipes of various materials are manufactured in pieces, called lengths, which are joined together in
place in the field. The kind of cast-iron pipe that is most
common!~ ~sed in a water-supply line is bell-and-spigot pipe,
and the JOtnts are usually made in the manner indicated in
19.

Ftc. 4

base of the bell. The space between the spigot and the bell is
filled to prevent leakage of the water. Various materials are
used for t he filling. With cast-iron pipe it is customary to
use oakum, which is a special kind of hemp, for the inner part d
of the filling, and to use either lead or a compound of lead and

other substances for the remaining parte of the filling. Various
types of bolted joints are also used with bell-and-spigot castiron pipe.
Where it is necessary to disjoint a pipe line occasionally,
flanged cast-iron pipe is convenient. A length of such pipe

is shown in Fig. 5. At each end of the length, there is a flange
with bolt holes. The joint between two lengths is made by
placing a gasket, or packing piece, of rubber, canvas, lead, or
copper between t he adjacent flanges and bolting the flanges
together.
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Lengths of steel pipe are connected by rivets or by mechanical
joints. One type of mechanical joint for connecting two lengths
with plain ends is shown in Fig. 6. In this joint, which is
known as a Dresser coupling, an iron ring a and a gasket b are
slipped OYer the end of each length of pipe before the lengt hs
are brought together, and an iron sleeve c is inserted between
the gaskets in the manner indicated. The rings a are connected
by bolts d.
Lengths of reinforced-concrete pipe are usually connected
by joints that are somewhat similar to the joint shown in
Fig. 4 for bell-and-spigot cast-iron pipe, but the spaces between
the lengths are filled with a mortar of cement, sand, and water.
Both ends of each length of transite pipe are usually plain, and
two lengths are connected by a slip joint in which a transite
sleeve and two rubber rings are used.

A curve, Fig. 8, is used for changing the direction of a pipe
line at one point. Usually, a curve is specified by the central
angle of its circular part, which may be expressed either in
degrees or as a fraction of a circumferenre, as shown in the
figure. The following curves are on the market: 90° or t, 45°
or l, 22!0 or l 6 , 11t 0 or fi, and Sio or l 4 -

16
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A reducer, Fig. 9, is a connection for making a gradual
change in the diameter of a pipe. Both ends of the reducer
may be spigots or either end may be a bell.
A tee, Fig. 10, which is also known as a three-way branch,
is used to join a main line and a branch that leaves the main
at right angles. The spigot of the branch enters the bell a of the
tee. Both ends of the main-line portion of the tee may be
belled.

flo. 7
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20. Specials for Cast-Iron Pipe.-For changing direction or
making bends in a line of cast-iron pipe, for connecting two
pipes of different sizes to each other, and for other similar
purposes, special castings, called specials, are used. The most
important specials are sleeves, cunres, reducers, tees, wyes, and
crosses. They are carried in stock by the manufacturers of
cast-iron pipe, and their dimensions are given in the manufacturers' catalogs.
A sleeve, Fig. 7, is simply a piece of pipe with two bells, and
is used to join two spigot ends or to make a connection where a
pipe has to be cut.

Ftc. II

A wye, Fig. 11, is similar to a tee, but the angle between the
main and the branch is oblique.
A cross, Fig. 12, which is also called a four-way branch, is a
double tee and is used where two branches leave the main at
the same point.

OPERATION OF
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The specials shown here are for bell-and-spigot pipe; similar
pieces can be obtained for all types of cast-iron pipe.
21. Valves.-8everal types of valves are used in watersupply systems. The most important types may be classified
as gate valves, check-valves, and
cone valves. Gate valves are
inserted at various points in the
distribution system in order that
repairs can be made to a pipe or
appurtenance without taking too
large a part of the system out of
service. One type of gate valve
is shown in perspective in Fig. 13
F•G. 12
(a) and in vertical section in view
(b). The valve is opened or
closed by turning the nut a by means of a wrench. If the nut
is turned to the left, the valve b is raised on the threaded
stem c and the passage through the pipe is opened. To close
the valve, the nut a is turned to the right.

19

Such a valve is essential in a pipe line through which water is
forced by a pump. If a check-valve were not used and the
pump were stopped, the water would run back to the pump.
A check-valve is shown in Fig. 14. As the water under pressure
flows in the direction of the arrow, the valve -v, which swings on
the pivot o, is kept raised by the pressure. When the flow in
that direction ceases, the water tends to back up, but it cannot do so because the valve drops and shuts the passage in the
pipe.

FtG. H

(a)

(b)

FlG. 13

The function of a check-valve is to allow water to flow through
in one direction and to prevent the water from flowing back.

22. A valve of the cone type, or plug type, may be used to
maintain a constant level in a tank or reservoir, to prevent
back flow when pumping is stopped, or to reduce the pressure
in a pipe line. In Fig. 15 is shown a cone valve manufactured
by the Golden-Anderson Valve Specialty Co. The valve
here illustrated is installed in the inflow pipe of a standpipe
or elevated tank. ·when the level of the water in the tank falls
below a predetermined elevation, the reduction in pressure due
to t he decreased head is transmitted to the diaphragm a through
the small pipe b, which is connected to the tank. The change
in pressure on the diaphragm actuates the 4-way pilot c, which
operates valves controlling the direction of flow in the pipes d
and e. For the reduction in pressure due to the decreased head,
water under pressure flows through the piped into the part of
the cylinder 1 below the piston g. At the same time, water is
permitted to escape through the pipe e from the part of the
cylinder I above the piston g, so that the pressure on the upper
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surface of the piston is relieved. Hence, the piston moves
upward to the position shown in the illustration. By means of
an operating lever and a toggle link located inside the casing h,

seats l, or is 1mseated; is turned so that the valve is open, or so
that the cylindrical passage m in the plug is opposite the
flanged opening n in the valve casing; and is finally reseated.
The valve is then in the position shown
in the illustration.
When the valve is in the open position, water can flow through it to the
tank. As soon as the water level rises
to the predetermined mark, the pressure in the tank causes the diaphragm
a to actuate the pilot c so that water
commences to flow through the pipe e
into the part of the cylinder f above
the piston g and water drains through
the piped from the part of the cylinder
below the piston. As a result, the piston moves downward and t~e valve
plug k is again caused to tum through
90 degrees. In this position of the
plwg, the solid part o is opposite the
opening nand the valve is closed. The
cylindrical passage m is then perpendicular to, or 90 degrees from, the position indicated.
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the upward motion of the piston rod i causes the stem j first to
push the valve plug k a small distance to the right, next to tum
it through 90 degrees, and then to move it back to the left.
During these movements, the plug k is moved from the valve
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23. Hydrants.-Fire hydrants are
placed at intervals along the streets
chiefly for the purpose of providing
outlets from the street mains for firehose connections. One type of fire
hydrant is shown in Fig. 16. The
watenvay is opened by turning the nut
a to the left by means of a special
wrench. The screw b is thus forced
Frc. 16
down and the valve cis lowered from
its seat. Each hydrant is connected to the street main by a
short length of 6-inch pipe. The connection pipe should have
a valve by which the water from the main can be shut off.
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24. Service Pipes and Service Meters.-A service pipe to a
building is connected to the street main by drilling a threaded
hole in _the _main by m~s of~ tap~ing machine; screwing a
connection mto the mam; and msertmg between this connection and the ~ice pipe a gooseneck, which is a curved piece of
lead pipe that IS 2 or 3 feet long and permits settlement or movement of the pipe without causing breakage.
In many cities, a meter is placed on each service pipe to
measure the amo~mt of water used by the consumer served by
that pipe. The instaiJation of meters tends to curb waste of
water due to carelessness and improper use. Where meters
are not used, and water charges are made at a flat rate that is
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the top of the meter.
of water.
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A system of dials registers the quantity

25. Venturi Meters.-A type of meter known as a Venturi
meter is commonly used for measuring the amount of water
that enters or leaves a treatment plant. A sectional view of a
Venturi meter is shown in Fig. 18. It consists essentially of
two tapering pieces, C and C', which are joined together at
their smaiJ ends. The small ends of both pieces are of the same
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diameter, and the large ends have the same diameter as the
pipe P through which the flow is to be measured. In order to
determine the flow, small tubes T and t are inserted in the pipe
shell at sections B and b, respectively, and these tubes are
connected to a gage that is graduated so as to indicate the flow
in cubic feet per second, gaJJons per minute, or other similar
units.
LAYING PIPE

Fie. 17

based on the number of outlets or faucets in a building and is
independent of the amount of water consumed there is no
incentive to conserve water or to prevent waste. '
In Fig. 17 is shown a common type of service meter. The
~vater enl~rs at a and, in passing around the disk b, gives
tt a w_obbhng rotary motion. The ann c, which projects from
the d•s~, turns the lever d, and the motion of this lever is
transnutted by the gears e to the clocklike mechanism near

26. Pipe Trenches.-In order to protect water pipe against
injury from traffic and from weather conditions, it is generally
laid in a trench excavated in the ground. The width of t he
trench is usually made 12 to l8 inches greater than the outside
diameter of the pipe. The pipe should be far enough below the
surface to be protected from tht~ action of frost. Otherwise, the
water may freeze and serious CTacks and breaks may result,
particularly in a small pipe with low velocity of flow.
In the northern part of the United States, the usual specifications call for a 6-foot depth of fil1 over the top of the pipe,
whereas in the central part a 5-foot depth is considered sufficient. The texture of the gro1md has much to do with the
amount of cover required. An open, porous soil keeps ou.t the
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frost much better than a stiff clay. In the southern states, at
least 2 feet of cover should be provided in order to protect the
pipe against great variations of temperature as well as against
injury from heavy traffic.

28. Preparation of Foundation.-In order to prevent
unequal settlement of the pipe, it should always be laid on a firm
and even foundation that extends over practically its entire
length. Rock or stone that is encountered near the bottom of
the trench should be cleared away for at least 6 inches beyond
the pipe in all directions, and the space should be filled with sand
or loam. \\'here the trench is in very soft ground, as in a
swamp, the soil at the bottom of the. trench may be too weak to
support the pipe, and piles or a timber grid may be necessary to
prevent the pipe from settling or pulling apart at the joints.
When pipe 16 or more inches in diameter is laid in ordinary
soil, it is often desirable to support the pipe on wooden blocks
that are set in slots in the bottom of the trench so that they
extend about t inch above the bottom of the trench. One block
is placed just behind the bell end and one is placed about 2 feet
from the spigot end. These blocks are usual! y square and either
3 inches or 4 inches on a side, and are about as long as the
diameter of the pipe. They aid in leveling and supporting the
pipe during the placing and help to prevent settlement while the
backfill is undergoing compaction. Sometimes square-ended
wedges of 3-inch or 4-incb material are used on the blocks to
ajd in adjusting the pipe to the exact level. Such blocks and
wedges are usually placed also under large specials and valves.
In some cases, special foundations of concrete are required.
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27. Excavation.- The trench may be excavated by hand
or by machine. Hand work may be necessary in city streets or
in rough or stony ground, while a trenching machine or power
shovel can be used to advantage under other conditions. Sometimes, the material must first be broken up by blasting. When
the soil is free from boulders and the natm-e of the ground surface
permits, it is generally cheaper to do the work with a trenching
machine.
The excavated surface material, whether pavement or unimproved surface, should be thrown out of the trench toward the
side of the street on which the pipe has been unloaded, but
the rest of the excavated material should be piled on the side
away from the pipe in order that the pipe will not have to be
lifted over it.
When bell-and-spigot pipe is used, a hole must be dug in the
bottom of the trench at each joint to receive the bell. Also, the
trench is enlarged somewhat near the bell to give the workman
enough room to make a good joint. The enlarged portion is 6
inches deeper and 6 to 10 inches wider on each side than is the
regular trench, and usually extends about 18 inches back of the
joint and 36 inches ahead of it. When pipe other than bell-andspigot pipe is used, the trench should be widened and deepened
as required by the particular type of joint.
Where the trench is in wet ground or when water is likely
to collect in the trench, it is advisable to e."cavate only a short
distance ahead of the pipe that is already laid. Otherwise the
sides of the trench may cave in and injure workmen and also
make it necessary to rehandle the caved material. To help prevent caving, the workmen should throw or pile the e.-::.cavated
material at a distance from the edge of the trench equal to at
least one-half of the total depth of the trench. In some c~ses,
it is desirable to provide temporary support by means of sheeting and bracing timbers.
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29. Handling Pipe.-The pipe lengths are shipped by railroad as near to the site as possible and are then conveyed to the
proper positions by va rious means. The pipe should be
handled carefully so as not to damage the shell or coating.
Where the pipe is to be laid along only one side of the street,
it should be delivered on the side of the street opposite to the
one along which the excavation is to be made. The lengths
should be placed end to end so that each length will be near
the place where it is to be used and, if bell-and-spigot pipe is
being laid, all the bells should face in the direction in which
work is to proceed, as it is easier to set spigots into bells. Considerable annoyance and expense can be avoided by the observance of these rules. When each pipe has to be rolled by several
609-3
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men diagonally up or down the stree~ an~ the~ mus.t be ~ed
end for end, the importance of the direct10ns JUSt gtven will be
evident.
Small sizes of cast-iron pipe may be unloaded from a car or
truck by inserting a long pole into each length and dragging
the pipe lengthwise until one end, generally the spigot end,
swings downward and touches the ground. The truck is t~en
started and the other end is allowed to fall on a bag of hay to
prevent breaking. Steel pipes and large cast-iron pipes may be
unloaded by the aid of inclined skids, derricks, or other convenient equipment.

Ftc. 19

30. Lowering Pipe.-When the t rench is not very deep,
small sizes of pipe may be lowered by two men in the following
manner: Each man takes about 25 feet of l-inch Manila rope,
and coils all but about 8 or 10 feet of it near the trench. He lays
the remaining 8 or 10 feet at right angles to the trench, the
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end of the rope being farthest from the trench. The pipe is then
rolled onto the two ropes thus placed, until it is close lo the
edge of the trench. Ke.xt, each man places his feet on the pari
of the rope that is in back of the pipe and picks up the coiled
portion of the rope that is in front of the pipe, as shown in
F ig. 19. Then, by paying out the rope, the men slowly lower
the pipe into the trench. Finally, as shown in Fig. 20, two men
at each end of the pipe lift it to position so that another man
in the trench can center the spigot in the bell of the last length
laid and can make the joint. In laying small sizes of pipe, one
man at each end of the pipe can straddle the trench and hold
both ends of the rope.
31. If the pipe is too large for men to handle easily, or the
trench is too deep, use is made of a small derrick that is generally
of the three-legged type, as shown in Fig. 21. This is provided
with a rope running over a pulley in the peak of the tripod. One
end of the rope is wound over a drum and the other end is
attached to the pipe. The.drum is turned by means of a handle
or crank, either directly or through gears, depending on the size
of the pipe. By turning the handle, the pipe is raised and swung
over the trench; it is then lowered into place by allqwing the
drum to reverse slowly. The drum is usually supplied with a
brake. A trenching machine is shown in the background in
Fig. 21. For very large pipe, it may be necessary to use a
derrick operated by power.
Since steel pipe comes in lengths of 30 or 40 feet, and is generally of large diameter, special methods for lowering the
lengths of steel pipe must be used. Wooden skids are placed
across the trench and the pipe is rolled on them to a position
directly over the center of the trench and nearly end to end with
the last length laid. A derrick is then set up near each end of
the pipe, the pipe is lifted slightly by the derricks, the skids are
removed, and the pipe is lowered.
When the banks of the trench are supported by sheeting and
bracing, it is much more difficult to place the pipe. The pipe
must then be lowered into the trench at some nearby unbraced
section and must be moved to its final position by being lifted
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FIG. 21

FIG. 20

and swung longitudinally. This is a hard job with large pipe.
When this method must be used, it is generally preferable
to lay the pipe in lengths of 30 to .W feet rather than in 12-foot

lengths, because the time that is needed for working a short
section into place is practically the same as the time required
for a long section, and a greater number of the shorter sections
have to be used.
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32. Precautions in Placing Pipe.-Pipe is generally laid
from a valve or a special as a starting point. Care should be
taken to prevent injury to the coating origina!Jy applied to pipe.
In laying steel pipe, the riveters are sometimes required to
wear rubbers or to walk only on strips of carpet or canvas
placed by them on the pipe. All joints in all kinds of pipe
should be well made. The riveting should be f.rrst class; the
calking should be thorough; and the rivets and other exposed ·
surfaces should be painted with a protective material. The
pipe should be kept free from dirt while being laid, and at night
the open end of the line should be plugged to prevent the
entrance of animals or dirt.

34. Two indispensable requirements for a good lead joint
are that all the lead needed for the joint be poured at one t ime
and that the pipes be perfectly dry where the lead touches them:
If the pipe is wet, the water is instantly converted into steam
by the hot lead, and the pressure of the steam tears away the
jointer and scatters the lead. The amount of lead required for
a joint varies with the size of t he bell and with the amount of
oakum packed in the joint. It ranges from 10 to 12 pounds for
a 6-inch pipe to about 120 pounds for a 48-inch pipe.
The lead is bought in pigs, weighing about 100 pounds each .
and is melted in an open kettle by means of an oil furnace or a
fire in which the fuel is coke, charcoal, coal, or wood. As soon
as the lead is melted, all the impurity, or dross, that rises to the
surface should be removed with a long-handled ladle. T he
molten liquid should be hot enough to run freely after being
t ransferred from the kettle to the ladle and then to t he joint.
No rule can be given for the proper temperature, but it is
indicated by the iridescent appearance of the lead in the kettle.
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33. Pouring Lead Joint -A lead joint is
usually made as follows: Before the spigot
a, Fig. 4, is placed in the bell b of the preceding length, the spigot is wrapped with a few
strands of oakum, which is a special kind of
hemp that is prepared for the purpose. Then
the spigot is inserted as far as possible 1n the
bell, and more oakum d is forced, or calked,
F1G. 22
into the joint. In this case the spigot end is
forced into the ring c but, in some cast-iron
pipe, the spigot end is forced flush against the base of the
bell. During this process, the spigot is centered in the beil
so that there is equal space on all sides of the .:ircumference.
If necessary, steel wedges are used on the under side to insure
proper centering. The oakum is packed in until a space ranging
from ~ inch to 2! inches is left. T his space is t hen filled with
lead e to seal the joint.
The best way of putting in the lead is with the aid of a jointer,
such as is shown in Fig. 22. The jointer is placed against the
hub, and molten lead is poured from a ladle through the opening in the jointer. As soon as the lead hardens (about 1~ seconds
is sufficient for this process), the jointer is removed and the
surplus lead that may remain at the opening in the jointer is
cut away. Then, with special hand tools or a pneumatic calking machine. tbe lead is forced into all parts of the joint.
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35. Pipe Cutting.-In constructing a line of water pipe
it is always necessary to cut some lengths of p ipe in order t~
make proper connections with hydrants, valves, and specials.
When a cast-iron pipe must be cut by hand in the field , a string
is tied and a chalk mark is made around the circumference where
the pipe is to be cut. rhe pipe is placed on a block of wood
or is supported firmly on hard ground, a shallow cut is made
around the pipe by means of a hammer and chisel, and this
groove is gradually deepened until the pieces fall apart. If t he
casting is defective, the piece may not be cut off square, but
wiJI have a rough uneven edge. Such a piece should not be used
for the purpose intended, but may be chipped off smooth and
used when a shorter length is needed. A comparatively even
surface may be obtained by resting the piece against a sha rp,
hard edge, and chipping off a short piece at a time. Eye-protecting goggles should be worn while the chipping is being
done. Power-driven pipe-cutting machines are available in
sizes that will cut pipes up to 48 inches in diameter without
breaking or opening the joints.
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B ck:filling.-After the laying of the pipe has been
36
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·
d
t es should be .weU rammed under the pipe an .around
from son
.
t the top. Senous damage bas resl;llted from failure to
tt up o
.
.
the sides of ltght steel pipe by properly compacted
support
·
h filling, because the top has been flattened under the prest
car
· not genera11 y a serious
·
om the filling a b ove. Th'1s IS
sure fr
.
.
factor with cast-1ron pipe.

leakage in 1 day for a mile of 8-inch pipe would be 200X8
= 1,600 gallons. With good workmanship, the loss should be
considerably less than this permissible amount. Many engineers
specify that leakage shall not exceed 80 gallons per day per
mile of length and per inch of diameter. In fLxing the amount
of leakage to be allowed, consideration should be given to the
possible loss through service connections. If the tests are to be
made before any services have been connected, the loss should
preferably not exceed the lower figure here specified.
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37. Testing Line.-Tests to determine pipe leakage should
be made on newly constructed pipe lines at intervals of about
l 000 feet. Normally, valves will be placed not more than 1,000
f~t apart and these valves may be used to close the ends of the
part of the line under test, thus separating it from the remainder
of the system. A hole is made in the pipe with a l -inch tap,
a stop cock is inserted in the hole, a feed line containing a small
(about ~-inch) meter is connected to the cock, and all water
entering the main is made to pass first through the meter. In
the case of a small pipe, a pair of reducers with a meter between
them may,be inserted in the pipe line. The leakage loss for a
definite period, such as 24 hours, can be determined from the
meter reading. The pressure, which may be indicated by an
ordinary pressure gage attached to t he line, should preferably
be slightly greater than the pressure which the line is intended
to carry normally, but it is not always possible to provide a
pressure higher than normal in these pre-service tests.
In order to hold the pipe in place during the test and to prevent excessive stresses due to temperature variations, the
sections of pipe between joints should be covered, but all joints
should remain exposed. If the pipe is large enough to permit
a man to enter, the interior of the empty pipe should also be
inspected for leaks and cracks.
38. Permissible Leakage in Pipe Lines .- The amount of
leakage that will be permitted in a new pipe line and also the
method of determining the leakage should be given in the
specifications for the construction. 1n no case should the leakage in a new pipe line exceed 200 gallons per day per mile of
. lcngt hand per inch of diameter. Thus, the maximum allowable
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39. Identification of Pipe Lines, Specials, and Appurtenances.-All pipes and all underground specials and appurtenances that may require attention or maintenance should be
located during construction with reference to permanent objects,
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and a record of such location should be kept in the office.
Otherwise, considerable time may be lost and money spent in
digging at the wrong place for valves or connections. Such
fixtures should preferably be located ft:om two or three permanent objects. A pipe line in a city street is generally located
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by th~ distance from the curb or property line. If the pipe line
is_ along a highway in the country, it may be located ay its
distance from an edge of the paYement, from the center of the
road, or from the center line or end of a culvert or bridge. A
pipe line that is in the country but is not laid along a highway
may be located by reference distances to railroad tracks, houses,
large trees, telephone poles, etc.
In Fig. 23 is sho~n a typical reference for the pipe lines in
two intersecting streets, a cross, and a valve. Each pipe is
located by a distance from a curb; the cross is located by distances from three curb intersections; and the valve is located
by a distance from the cross.

flushed frequently, special blow-off valves being provided at
dead ends and at low points in the lines. In winter, frozen
mains must be thawed out.

CARE OF DISTRIBUTI ON SYSTEM

40. Filling Pipe Lines.-When a new pipe line or one that
has been emptied for any cause is to be filled with water, care
should be ~ercised in the operation. All the hydrants, blowoffs, and atr valves should be wide open, and the water should
be admitted slowly from the reservoir or the pump. This
caution is necessary because the sudden admission of large
volumes of water into empty pipes causes a great agitation of
the air they contain. Hence, violent shocks, which might
damage the pipes, may be produced. Hydrants, air valves, and
blow-offs are closed after the water reaches them and begins to
flow in a full, continuous stream without sputtering. When the
system is entirely filled, the water should be allowed to stand
in the pipes for at least 24 hours before the system is put into
service, in order to give the system a final test for leakage.
41. Maintenance of Reservoirs and Pipes.-In order that a
water-supply system may serve a community properly, the dist ribution system must be kept in good condition. This maintenance requires attention to many details. Reservoirs for
water should be kept clean and free from objectionable materials
that would pollute the water. The distribution pipes in the
streets ~hould ~ checked for leaks from time to time by means
of spcctal_devt~es that measure the flow in pipes. Also, the
parts of hnes m which sediment tends to collect should be
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42. Maintenance of H ydrants.-Fire hydrants should be
inspected at least four times a year. If foreign matter becomes
caught under the main valve, the valve .or valve seat may be
damaged when the valve is closed. Therefore, hydrants should
be flushed out from time to time to remove such material before
it causes trouble. Threads on hydrants should not be greased,
as a rule, but the threads should be cleaned regularly with a
wire brush.
During cold weather, hydrants in districts where serious
fires may occur should be checked weekly and all hydrants
should be inspected carefully after they have been used. Water
standing in a hydrant in cold weather may freeze, and the pressure exerted by the ice may burst the hydrant. In order to
prevent freezing of water in hydrants, drainage of the water
from the barrel must be insured. In the type of hydrant
shown in Fig. 16, the water is allowed to escape from the barrel
through the drip holed, which is opened when the hydrant valve
is closed. A method that is commonly used for determining
whether th~re is water in the barrel is to lower a small weight,
fastened to a string, through one of the bose connections and
to note if it is wet when withdrawn. When the water table is
so high that the hydrant will not drain, an anti-freeze solution
should be poured into the hydrant barrel. A mixture of equal
volumes of saturated brine and wood alcohol bas been used
successfully. Frozen hydrants can be thawed in a number of
ways. Steam and bot water are commonly used for this
purpose.
43. Maintenance of Valves.-All valves should be operated
twice a year to make sure that they are in good working condition. Whenever it is necessary to make any repairs to a valve,
the packing in the valve should be replaced. Tbis costs but
little extra while the valve is exposed, but is a costly job if it
must be done separately.
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Generally, a gate valve of a certain make and size is opened
or closed by turning the stem a definite number of times, and a ·
record of this number for each type of valve should be kept in
the office. The condition of each gate valve should then be
checked at intervals by counting the number of tums that can
be made. If this number is less than the proper number, some
obstruction is probably preventing the valve from opening or
closing completely.

If a leak in bell-and-spigot pipe is due to an imperfect joint,
recalking the joint will usually be sufficient. In case the bell
portion of the pipe is split slightly, it can be repaired without
shutting off the water by placing over the bell a special split
sleeve of the type illustrated in Fig. 24 (a). The sleeve and
the end flanges are each made up of separate halves so that the
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44. R emoving Lead J oints.-It often becomes necessary
for various reasons to take up and replace a few lengths of pipe,
and in some cases many blocks of pipe must be relaid because
the demand has out grown the capacity of the original pipe. It
is almost impossible to pull apart a leaded joint, and to cut out
a joint with a hammer and a chisel is slow and costly. A
common method of opening a lead joint is to expose the joint,
build a fire around it, and burn out the lead. However, if
water is present in the pipe or in the ditch, this method becomes
impossible.
One of the simplest and most economical methods of removing lead joints is by means of a device whereby intense heat.
produced by a gasoline or kerosene flame, is thrown against
the joint. When the heat is concentrated on a portion of the
lead joint, the lead is melted in a few moments and the pipes
can be pulled apart.
One type of machine, which may be fastened to the pipe,
removes the lead from the joint by means of a _rotating cutting
edge.
45. Repairing Leaks.-A leak may be relatively small and
of importance only because of the amount of water that is lost ;
or it may be large enough, especially in high-pressure mains,
to cause washouts, flooded streets, and other very material
damage and inconvenience. In porous soils, such as sand and
gravel, even fairly large amow1ts of water from a leak in the
pipe line may disappear into the soil. When leaks occur under
paved streets, the water may follow under the pavement and
appear at a considerable distance from the break.
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parts may be placed around the pipe and then bolted together.
Except for the divisions into halves, the joint is similar to the
Dresser type of mechanical joint. Where a definite break has
occurred in the bell, a section of pipe must generally be replaced
with new pipe. The broken section may be cut out, and the new
section connected in place by means of mechanical joints.
The practice followed in the case of a crack or break in the
body of a pipe is essentially the same as that described for a
cracked bell. If the crack or break is short, one or more split
sleeves of the type shown in Fig. 24 (b) may be used. Where
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the break extends over a considerable distance, a new length
of pipe must be inserted, and connected by mechanical joints.
It is also possible to dig up several lengths of bell-and-spigot
pipe and to spring in a new length to replace the one removed.
When a break occurs in a steel pipe, either of two general
methods may be used. In one method a new section of pipe is
inserted and is connected to the adjoining old sections by welds.
In the second method, a lead patch is first placed over the hole,
this lead patch is covered with a steel patch that is held in
position by steel bands drawn tightly around the pipe, and the
steel patch is calked.
If use is made of some of the special sleeves for repairing
minor leaks, the water need not be shut off. However, it is
generally better to do so. Of course, it is always necessary to
shut off the water before repairing a large leak.

water. When the water is relatively pure, the iron tends to
combine with the oxygen of the water to form ferrous hydroxide
and free hydrogen. The hydrogen that is so rele'ased forms a
protective film on the iron, and the oxidation soon ceases.
However, the water ordinarily contains dissolved oxygen, and
this oxygen reacts with the film of hydrogen and destroys it so
that the oxidation of the iron continues. The dissolved oxygen
also oxidizes the ferrous hydroxide to form ferric hydroxide,
which is insoluble in water. When this substance is precipitated,
it colors the water red and
causes iron stains on fabrics
with which it comes in contact.
In certain sections of the
United States, difficulty is
encountered with metal pipes
because of tuberculation, by
which is meant the formation
of projections, or tubercles,
on the interior surface of the
pipe, as illustrated in Fig. 25.
FIG. 25
If the water contains an
excessive amount of carbon dioxide, carbonic acid will be
formed. This acid attacks the iron in the pipe to form
ferrous carbonate, which in tum is oxidized into ferric hydroxide
by the dissolved oxygen in the water. The tubercles consist
largely of ferric hydroxide, but may also contain lime, silica,
a nd organic matter that are obtained from the water. During
the oxidation of the ferrous carbonate, carbonic acid is freed
and again reacts with the iron of the pipe. Therefore, once
tubercuJation starts, the action becomes practically continuous.
As a protection against corrosion and tuberculation, it is t he
general practice to coat nearly all metal pipes, in the shop, with
an artificial covering. The material most commonly used is a
bituminous compound, called coal-tar-pitch 'LYimish. Electriclight, telephone, or high-power transmission wires should not
be grounded on, or attached to, metal pipes because of the
possible damage from electrolysis, or corrosion due to the passage
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46. Cleaning Water Mains.-After water mains have been
in use for a number of years, deposits or growths in the mains
may inted cre "ith the flow to such an extent as to reduce
materially the capacity of the. pipes. Flushing of mains may
remove sediment, but usually has little effect on other impediments. Such impediments can be cleaned by means of a
mechanical scraper, or cleaner, that is driven through the mains
by water pressure or is hauled through by a cable. The capacity
of mains 20 years old may be considerably increased by cleaning. However, a greater degree of deterioration takes place
during the first year after cleaning than during the first year
after installing new pipe.
The cost of cleaning pipe that is partially filled with incrustations or plant growths is not large, whereas the reduction in
the cost of pumping may be considerable. Also, the pressures
available for extinguishing fire will be increased by cleaning.
In general, the smaller the pipe, the greater are the benefits
derived from cleaning.
47. Corrosion and Tuberculation of Metal Pipes.- The corrosion of the inside surface of an iron or steel water pipe differs
from the ordinary rusting of those metals. The rapidity and
effects of such corrosion depend largely on the character of the
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of electric currents. Wherever pipe lines are laid near street
railways, power-transmission lines, or power houses, the pipe
should contain insulating joints at frequent intervals. If pipes
of different kinds of metal are used in the same line, the two
metals should be insulated from each other.
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QUALITY OF WATER
CONTENTS OF WATER

OFFICE ADM INISTRATION

ORGANIC AND INORGANIC MATTER

48. In order to manage properly the operation of a watersupply system, it is necessary to maintain a suitable office
organization. It is advisable to keep records showing the location of each pipe, valve, meter, hydrant, and other fixture in
the system; and also to keep records of the cost of each operation in making repairs or extensions to the system. Records
must be kept and calculations must be made for determining
the employes' payroll, and a separate book account must be
maintained for each service pipe. l\1eters must be read at
least quarterly, that is, every 3 months; and the amount of
water that passed through each meter must be determined from
these readings, the ch:uges for the water must be computed, and
the bills must be collected.

49. Classification of Impurities in Water.-Pure water does
not exist in nature, as all water contains impurities in solution
or in suspension. Kot all of these impurities are objectionable.
The amount and character of the impurities in a particular
water depend on the characteristics of the locality.
The impurities in water may cons~st either of organic matter
or of mineral, or i1wrgauic, matter. Organic matter consists of
substances of which living bodies are composed. Mineral
matter is matter that exists outside of living bodies and is not
necessarily a constituent of such bodies.
Many of the impurities carried in water are solids; if the water
is evaporated, the solids will remain as a dry residue. The solid
impurities in water may be classified as suspended solids,
dissolved solids, and colloidal solids. Suspended solids are those
solids that float either on the surface of the water or in suspension in the water. Dissolved solids are those solids that are
dissolved in the water in the same way that salt dissolves.
Colloidal solids are those finely-divided solids that are almost
too small to be seen and also those solids that are apparently
soluble but remain on the surface of a parchment filter when the
liquid and the dissolved solids are passed through the parchment.
50. Organic Matter.-Organic matter in water may be of
either animal or vegetable origin. The organic matter that
is of vegetable origin is not dangerous to health, but the presence
of organic matter in water is of particular significance because
of the possibility that it may have come from human excreta
and therefore may indicate sewage contamination.
There is no test for identifying directly the forms in which the
·organic matter exists in the water. The presence of organic
matter is indicated by the presence of nitrogen in various forms
609-4
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Also, the relative amounts of the various forms of nitrogen
indicate the probable length of time that has elapsed since the
organic matter has begun to decompose. However, these
amounts cannot be used to distinguish definitely between contamination by vegetable matter and contamination by animal
matter.

are removed from the water, the fungi die and are thcrcb
eliminated.
y
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51. Mineral Matter.-Certain mineral substances are
undesirable in a public water supply because water containing
such substances may have an unpleasant taste and odor or
may cause stains. Thus, iron and manganese cause both rust
and the growth of odor-producing organisms, called cretwthrix.
Hardness of water is caused by carbonates, bicarbonates, sulfates, chlorides, and nitrates of calcium and magnesium. If
lead, zinc, copper, or tin is present in excessive amounts, the
water may be poisonous. Some waters contain such high concentration of fluorides that they are injurious to the teeth of
children.
ORGANISMS IN WATER

52. Bacteria in Water.- There are many varieties of bacteria
in water. A few types are harmful, but many types are useful
in helping to purify contaminated water. The various types
commonly found in water are listed in Sanitary Bacteriology.
I n so far as sanitary considerations are concerned, only those
bacteria that cause disease need be considered in the analyses
of public water supplies.
53. Vegetable Growths.-The vegetable growths that may
exist in a water supply are divided into two main classes, namely,
algae and jttllgi. Certain microscopic weeds also appear in
some water supplies. The algae belong to the lowest division
of vegetable life, and appear in many different forms. The
more common types appear as the ordinary green pond-scum
seen so frequently around the shores of pools of still water.
Other types are bluish-green or reddish-brown in color .
The kinds of fungi that are commonly troublesome in water
supplies are tiny plants that are visible to the naked eye only
when present in very large quantities. These fungi depend
entirely on algae for food supply. Therefore, when the algae
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nhalb. Organisms.- There are many
54. ~ical
small amm s t at may 1 a tt water supplies. Some of th
.
b
' h th.
esc
anunals can e seen only wtt
e atd of a microscope. Chief
among these microscopic animals are the protozoa, which are
on~-celled animals. ~other co~mon type is the rotijera,
which appear ~ be rotatmg whe~ vtewed through a microscope.
Somewhat higher types of ammals that may infest water
supplies are the crustacea, which are small animals with shells.
Also, there are many types of small worms that may grow in
water supplies and be a source of nuisance. Chief among these
worms is the blood-worm, or chirom:nmts. This worm grows in
reservoirs and, unless removed from the water, may pass into
t he distribution system.
STANDARDS OF QUALITY

55. Need for Treabnent of Wa ter .-The most important
use of water is for drinking purposes, but it is also essential for
various other household uses and for many commercial and industrial purposes. Other uses of water are for extinguishing
fires, flushing streets, and sprinkling lawns or gardens. To be
satisfactory from the consumers' point of view, water must be
clear and colorless; free from tastes and odors; and reasonably
free from dissolved minerals, bicarbonates, and sulfates. From
the standpoint of health, the water should be entirely free from
disease-causing organisms and reasonably free from all living
organisms.
Unfortunately, water t hat satisfies all these requirements
seldom exists in a natural state in localities where it can be
readily supplied to consumers. Nearly all surface waters and
ground waters have some objectionable quality that must be
either removed or adjusted before the water is satisfactory for
consumption. The judgment of the public as to the desirable
qualities of water is subject to considerable variation, but
experience has indicated the essential qualities that make a
water both safe and generally satisfactory to t he public. In
the following four articles are given certain requirements for
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public water supplies based on standards prepared by the
United States Public Health Service.

The true color of water is caused by the material that is
dissolved in it. The color of a given water is expressed numerically by the number of milligrams of platinum that must be
added to a liter of distilled water to produce a mixture which
has the same color as the given water. According to the requirements of the U. S. Public Health Service, the color of a water
should not exceed 20 and preferably should be less than 10.
Water for a public supply should be free from odors of
hydrogen sulfide and chlorine, and from odors caused by microscopic organisms.

56. Standards for Bacteriological Quality.-Water is considered to be of satisfactory bacteriological quality if it is
reasonably free from bacteria of the coli-aerogeues group, which
inhabit the human intestines. The test for these bacteria is
described in Sanitary Bacteriology, the procedure conforming to
that of the completed test. A standard sample of water for the
test consists of five standard portions, and each portion consists
of 10 cubic centimeters of a different dilution of the given water
to be e."amined. Thus, one portion may contain 1 cubic centimeter of the given water and 9 cubic centimeters of water of
satisfactory purity, and another portion may contain 0.1 cubic
centimeter of the given water and 9.9 cubic centimeters of water
of satisfactory purity. Water of satisfactory quality must
meet both of the following requirements:
1. Not more than 10 per cent of all the standard portions
tested should show the presence of bacteria of the coli-rerogenes
group.
2. The presence of these bacteria in three or more of the
five standard portions comprising a single standard sample
should not occur in more than one standard sample when less
than twenty samples are tested; nor in more than 5 per cent
of the standard samples when twenty or more samples are tested.
57. Standards for Physical Quality.-The physical properties of water that are considered in specifications for quality are
turbidity, color, and odor. Turbidity, or muddiness, is caused
by the presence of suspended solids in the water. The turbidity
of a given water is e-xpressed numerically by the number of
parts per million of fullers' earth, or finely-divided silica,
that must be added to distilled water to produce a mixture
which has the same appearance as the given water. Thus, a
water having a turbidity of 10 would be similar in appearance
to distilled water containing 10 parts per million of fullers'
earth. In order that a water may meet the requirements of
the U. S. Publi<! Health Service, its turbidity should not be
in excess of 10 and preferably not in excess of 5.
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58. Standards for Chemical Impurities.- According to the
standards of the United States Public H ealth Service, the
amounts, in parts per million, of the various chemical substances in an untreated water that is to be used for drinking
should not exceed the following limits: Lead (Pb), 0.1; copper
(Cn), 0.2; zinc (Zn), 5.0; sulfate (504), 250; magnesium (Mg),
100; chlorides (Cl), 250;and iron (Fe), 0.3. The total solids contained in the water should not exceed 1,000 parts per million.
Water that is treated before being distributed to the consumers should not contain any caustic alkalinity, that is,
alkalinity caused by hydroxides of minerals such as calcium,
sodium, or potassium; it should not taste or smell of free
chlorine; and, if it has been treated with sulfate of aluminum
or any other aluminum compound, it should contain residual
alkalinity of at least 10 parts per million. For the purpose of
comparison, alkalinity is expressed in parts per million of calcium carbonate (CaCOa), regardless of the cause of the alkaline
condition. Also, the total amount of carbonates of sodium and
potassium i.n the water, when these carbonates are computed as
calcium carbonate, should not exceed 50 parts per million.
59. Prevention and Removal of Pollution.-Water for a
public supply should preferably be obtained from a source
that is either free from pollution or adequately protected by
1zatural agencies from the effects of pollution. The natural
agencies that afford some measure of protection against pollution in surface waters are: dilution of polluted water in large
quantities of unpolluted water; storage in tanks or reservoirs;
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sedimentation, or settling, of suspended matter in still water;
and the effects of sunlight on bacterial life. Some biological
processes accompany each of these actions and aid in natural
purification. In the case of ground water, the natural agency
that aids in purification is percolation through the soil. The
character and depth of each stratum through which the water
percolates is extremely important in the purification of ground
waters.
"Where the source of supply is not pure, the water must be
adequately protected by artificial treatment. The method of
treatment should be appropriate to the particular source of
supply. Also, the capacity of the treatment plant must be
sufficient to permit proper handling of the required volume of
water, and the plant must be well constructed and carefully
operated under experienced supervision~ Evidence of the
protection afforded by the treatment process must be furnished
by frequent bacteriological examinations and other appropriate
analyses, both physical and chemical. The treated water
should be of reasonably uniform quality at all times, as irregularity in quality is an indication of potential danger to health.
In order that the water reaching the consumer may be
unpolluted, it should be of good quality when it enters the
distribution system and should also be protected from pollution
while it passes through the system. The entire water-supply
system, including the reservoirs, pipe lines, wells, pumping
equipment, purification works, mains, and service pipes must
be free from sanitary defects. A sanitary defect is any faulty
condition in the location, design, or construction of the works,
which may either occasionally or regularly prevent satisfactory
purification of the water or permit the water to become polluted
from outside sources.

the plant, there should be no interconnecting pipes, or crossconnections, between the municipal and auxiliary supplies.
The piping in a factory may be rather complex and the detection
of a cross-connection may therefore be difficult. In general,
the only satisfactory method for introducing a non-potable
water into a system that is ordinarily supplied by potable water
is as follows: Under normal com.liiions, an elevated tank or a
suction tank receives the potable water from a supply line that
enters the tank above the level of the high-water line or overflow
of the tank. If, because of an emergency, it becomes necessary
to use the au.xiliary non-potable supply, there is then no
possibility of the non-potable water entering the municipal
supply line.
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60. Cross-Connections.-Qrdinarily, an industrial plant that
is located in or near a city receives its water from the regular
municipal supply. However, many plants also have access to
auxiliary supplies of water in order to insure continuous service
at all times. Unless the water of the au.xiliary supply is of
potable quality or is treated so as to be potable before it enters
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WATER-BORNE DISEASES

61. Types of Water-Borne Diseases.-Impure water may
be a carrier of disease and, if used for a public supply, may
cause illnesses of epidemic proportions. The diseases that can
be spread through the agency of water are primarily intestinal
disorders, such as typhoid fever, paratyphoid fever, dysentery,
and cholera. These diseases can be spread by milk and other
foods and by various other means, but transmission through the
water supply is most dangerous because of the greater number of
people that use the infected water.
The presence of even relatively small amounts of fluorine in
water is injurious to the teeth of children under 8 years of age.
Also, it has been found that there is a prevalence of goiter
in regions where the water supplies are deficient in iodine
content.
62. M ethods by Which Water Becomes Contaminated
With Disease Organisms.- There are innumerable ways by
which disease germs may reach water supplies. The germs
causing many of the water-borne diseases inhabit the human
intestines. Since these germs are discharged with the feces and
urine of persons who are suffering from the diseases, they enter
the sanitary sewers from the houses of those infected persons.
Disease germs are sometimes discharged by persons, called
carriers, who are not ill with the disease but who are infected
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with the germs causing it. Therefore, when sanitary sewage is
discharged without treatment into a stream that is later used
for water supply, there is danger that disease germs may be
carried by that water supply. Also, swimmers, fishermen,
bunters, hikers, campers, and workmen are potential carriers
of disease, and germs discharged by a carrier may be conveyed
by surlace drainage into a stream or lake that is used as a water
supply. It is because of this possibility that the sources of
many city water supplies are so carefully guarded and protected
against hunters, fishermen, and other trespassers.

of actual or potential sources of contamination. The features
to be shown on such a map are indicated in Fig. 26. Sources of
domestic sewage and industrial waste entering the watershed
within a relatively short distance, say 20 to 40 miles, from the
intake for the water-supply system are t_h e most important
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63. Methods of Spread of Water-Borne Disease.- The ordinary disease-causing organisms that may be carried to a water
supply must enter the human intestines in order to grow and
reproduce. The disease-causing organisms enter the intestinal
tract with food, which includes both solid and liquid substances.
If containers, such as milk bottles or drinking glasses, are
washed in contaminated water, the disease organisms may be
transmitted to the human intestines through milk or other
liquids taken from the contaminated containers. Flies often
carry contamination from infected feces or other sewage solids
to the food supply.
FACTORS IN TREATMENT OF WATER

64. Probable Characteristics of Raw Water.-The requirements of a water-treatment plant depend on the characteristics
of the raw water that is collected at the source and on the desired
qualities of the water that is to be furnished to the consumer.
The principal reason for treating water is to prevent the spread
of disease, and the most important examination that is made for
the purpose of determining the probable characteristics of the
raw water is the sanitary sun,.ey of the watershed. A thorough
sanitary survey would involve following up both banks of the
stream and its tributaries, and noting the positions of all
possible sources of contamination on the watershed and also
the density of population.
It is usually desirable to maintain a map of the watershed
and to use colored pins or other means to indicate the locations

a Farmhouse

W.aterworks Intake

FIG. 26

features. In addition, full data pertaining to the volume and
characteristics of the flow from each source of contamination
should be recorded and filed, and frequent checks should be made
to keep the records up to date. The operator of the watertreatment plant should be familiar with the factors that may
influence the quality of the water coming to the plant. Where
the source of supply is a large river, it is obviously impossible
for him to be thoroughly acquainted with conditions on the
entire watershed, and this is not necessary, but a good general
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knowledge of the conditions is valuable. 'Yhere the water is
drawn from a comparatively small watershed, all possible
sotU·ces of contamination should be well known to the treatmentplant operator. Information concerning these sources is invaluable in interpreting the results of many tests that are made on
the water.

Disi11jection is the addit ion to the water of a substance that
will kill bacteria in the water but will not harm the consumer.
Aeration consists in spraying the water into the air or permit-
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65. Desirable Qualities of Treated Water.-As previously
stated, water that is furnished to consumers must be fit to
drink. In many cases, additional requirements must also be
met. The earnings of a water department depend primarily on
the volume of water that is used by the public. Therefore,
where industries could use large quantities of water, it is desirable to pro,ride water of a quality that is acceptable to as many
industrial users as possible. An examination that is made to
determine t he acceptability of water for industrial use, as in
plants for making bottled beverages or for dyeing materials,
is called an industrial examination.
66. M ethods of Treatment.-8ince waters in their natural
states differ materially in quality and the requirements of the
treated water depend on local conditions, various forms and
degrees of treatment are needed to effect satisfactory purificat ion at different treatment plants. The most common methods
are known as sedimentation, coagulation, filtration, disinfec~ion,
aeration, and softening.
The purification process called sedimeutatiou consists in
allowing the water to pass slowly through, or to stand in, a large
tank or reservoir. A considerable part of the suspended matter
will settle to the bottom during this process and the water will
thus be clarified and partially purified.
Coagulation is a sedimentation process which is aided by adding chemicals, called coagulants, to the water. These chemicals
form a jelly-like precipitate, called floc. As this precipitate
settles to the bottom, it carries with it much of the suspended
matter and many of the bacteria.
Filtration consists in passing the water through a bed of
porous material, such as sand, in order to strain out various
impurities.
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ting it to trickle in a thin stream over artificial rapids in order
to remove iron compounds and other impurities by oxidizing

them.
Softening is the treatment of the water with a chemical, such
as lime or soda ash, or in some other manner so as to aid in the
removal of those materials that cause hard11ess. The property
known as hardness prevents water from making an emulsion with
soap, and is caused by the presence in the water of certain compounds of calcium and magnesium.
In addition to these t reatments, there are many special
treatments, such as the following: The application of a speciallyprepared carbon, called activated carbon, to remove tastes and
odors; the use of finely-divided clay to produce artificial turbidity as an aid in sedimentation; and the application of copper
sulfate to kill microscopic plant life.
67. Typical Treatment Plant.-Each process for treating
water is carried out in the same general way at all plants in
which that process is employed. H owever, since each treatment plant is designed and constructed so as to provide for the
particular demands of the local community, the various plants
d iffer from one another in the number, type, and a rrangement
of t he treatment units. In Fig. 27 is shown a perspective view
of one type of plant, which is known as a rapid-saud-filter plant
and in which the water is treated by coagulation, sedimentation,
filtration, and disinfection. The order in which t he various
treatment processes are applied is indicated more clearly by the
diagrammatic layout in Fig. 28. In this layout, each unit is
represented in section; also, the various units are not shown in
their proper positions on the ground but are arranged in the
order in which the water flows through them.
The water from the storage reservoir or other source of supply
flows to the plant in the main a, which is shown by full lines at
the right in Fig. 28 and by dotted Jines near t he lower right-hand
corner in Fig. 27. In order to measure t he amount of incoming
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flow, the water is first passed
through the Venturi meter b.
From this meter, the water
passes into a mixing chamber
c, where aluminum suJfate, or
some other chemical that will
aid in coagulation, Is mixed
thoroughly with the raw, or
untreated, water. This mixture flows through the pipe d
to one of the settling basins e,
which are shown at the far end
of the building (or in the upper
right-hand corner) in Fig. 27;
in these basins the water flows
very slowly and the floc is
allowed to settle. There are
two similar settling basins,
which are separated by the wall
f , so that one may be cleaned
or repaired while the other is
in use. Each basin contains a
baffie wall g, which serves to
provide a longer path for the
water and to prevent the water
from flowing directly from the
inlet to the outlet. After passing through the settling basin,
the water enters the trough It,
t he end of which is shown at
the near end of the building (or ·
in the lower left-hand corner)
in Fig. 27, and is distributed to
the various filter units i by
pipes j. T here are several
separate filter units on each
side of the trough h. The
water percolates down through
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the sand k and the gravel l of the filter, is collected by
the strainer bottom m, and is carried to the filtered-waler
reservoir n under the filters. Chlorine is added to the water at
some point between the filter and the filtered-water reservoir in
order to insure the killing of all harmful bacteria that may still
exist in the water. From the filtered-water reservoir, the water
passes out through the pipe o to the distribution mains or to a
distributing reservoir.
The filter is operated and regulated by means of the valve
controls p, the rate-regulating apparatus q, and the gage r,
which are located on the operating floor s and are shown in
Fig. 27 only. Filtered water to be used fo~ w~~ing the filters
is stored in the wash-water tank t, from whtch tt lS led through
the piping u to the filter bottom 1n and is forc~d _upward th~ough
the sand and gravel. The dirty water, contammg the sedm1ent
from the filter bed, is discharged through the t roughs v and the
pipe w into the waste pipe x. Compressed air for agitat~g the
sand during the cleaning process is supplied through the ptpes y,
but t his is not generally necessary.
68. Variations in Treatment Processes.-In some plants it
is not necessary to treat the raw water with a chemical nor to
pass the water through a settling tank. The water is then
admitted directly to a filter, which is known as a slow sand filter;
such a filter differs somewhat in construction from the rapid sand
filter shown in Figs. 27 and 28.
Many plants have additional units for removing hardness _and
odor, and for removing vegetable growths. These vanous
treatments and the required types of units will be described
under the detailed description of plant operation.
CARE OF TREATMENT PLANT

69. Outline of Duties of Operating Staff. -T he primary
purpose of a water-treatment plant is to. produce safe and
potable water from water containing objectionable amounts of
impurities. In order that the expected benefits of t~ating the
water may be realized, carefuJ supervision and effic1en~ operat ion of the treatment plant are necessary. If the plant ts small,
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all the duties may be performed by one man, but the operation
of a large plant usually requires a staff of men, each having a
particular set of duties to perform. A large plant usually
requires constant attendance for 24 hours each day.
The operation of a treatment plant includes a variety of
duties, such as inspection, cleaning, maintenance, and control
of treatment devices; preparation of cr.emical solutions; collection of test samples from the inlets and the outlets of the various
treatment units; preparations for laboratory tests; performance
of laboratory tests; compilation and maintenance of daily
records; and general plant maintenance. In many places, and
particularly in the smaller cities, the operator of the watertreatment plant is also responsible for the maintenance of the
supply system. Since water-treatment plants vary so greatly
in size, in number of attendants, and in types of treatment
processes, it is impracticable to give a standard schedule of
operation. In the case of a large plant, the operator will be
expected to follow a schedule that has been worked out. At a
small plant, no outline of daily duties will be furnished and the
operator should study his routine and work out a schedule for
himself.

filter sand should be observed. Each day the charts on recording devices should be changed and the pens should be filled with
ink.
Details of the operating procedure for each type of apparatus
a nd a chart for lubricating it are provided by the manufacturer.
This information should be studied carefully by the operator
so that be will know all the points that require lubrication, the
frequency with which the lubricating should be done, and the
type of lubricant that should be used. If no instructions are
provided, the manufacturer should be requested to send them.
The mechanical apparatus will require hardly any adjustment;
but, if adjustments are needed, they should not be made without expert supervision, unless the operator is also a skilled
mechanic. This rule does not apply to the chemical-feeding
equipment, which ordinarily will require frequent adjustments
to meet the needs of the raw water, as the operator should be
able to make these adjustments.
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70. Safety Requirements.-The work around a water-treatment plant is not dangerous, but there are certain safety requirements that should be enforced. All basins and tanks should
be surrounded by guard rails to prevent accidental immersion,
and rungs or steps should be provided as a means of exit from
such t3.nks.
Chlorine gas, besides being extremely corrosive, is especially
irritating to the human respiratory tract. Hence, all chlorine
equipment should "be in a separate room, with outside ventilation, and a gas mask should be hung outside the door. A firstaid kit is also an essential part of the plant equipment.
71. Inspection and Maintenance of Plant Equipment.
Inspections should be made at regular intervals to see that the
chemical-feeding equipment is operating properly. Also, the
results of chemical treatment and settling should be noted; and
the appearance of the filtered water and the condition of the
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72. Preparing Chemicals.-When chemicals are used for
coagulation, they may be applied either dry or in solution. If
chemicals are fed dry, the hoppers of the feeding devices should
be filled according to the required schedule; in case solutions are
used, they must be prepared in advance and be ready for use.
The adjustments of the feeding devices will depend on the
changes in the volume a nd character of the raw water. In
large plants, the solutions for each shift are made up and the
feeders are prepared by the operators on the preceding shift
before they go off duty. In the case of a plant that is operated
for only a part of each day, the chemicals should be prepared
before operation for the day is started.
73. Washing Filters.-Whenever the filters become clogged
so that the water does not pass through at the desired rate, it is
necessary to wash the sand by reversing the direction of flow of
the water. If the plant is operated for only a part of each day,
the filters may be washed at the end of the day's operation. In
other plants, readings of automatic gages indicate the resistance to flow and therefore show the relative degree of clogging.
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74. Records of Operation of Piant.-Records of the results
of the various processes in the treatment plant are exceedingly
important. The data thus collected serve as a permanent
record of the quality of the water, the efficiency of the plant, the
ability of the operator, and the cost of treatment. They also
aid in determining the most efficient method for operating the
plant. Operating records generally are required by the State
Department of Health, and the forms on which they are kept are
fairly well standardized. Nearly all rec..1rds are made in duplicate or triplicate. At the end of each month, one copy is sent
to the State Board of Health and one or two copies are filed at
the plant for future reference. These records should contain
such data as the amount of flow through the plant, the condition
of the water before and after the treatment processes, the amount
of chemical used, the dosages, and the power required for pumping. A typical form will be illustrated in conjunction with the
detailed operation of treat!Dent plants.
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EXAMINATION QUESTIONS
Notice to Studenls.-Siudy the 111structio1~ Pape1· thoroughly before
attempt to auswer these questions. Read each question carefully and
be sure you understand it; then write the best ans-&er J.'OII cau. fVIre1syour
a11swers are completed, e.ramiue tlrem closely, correct all the errors you ca1s
find, and see that every question is answered; tlren mail )'OIIr ·work to us.
)'OI~

(1) What qualities should water possess in order to be both
satisfactory and safe for domestic consumption?

(2) Outline the procedure for increasing the yield of a deep
well by using muriatic acid and dry ice.
(3) How would you make a thorough sanitary survey of a
watershed?
(4) Name fow· specials for cast-iron pipe and state the purpose of each.
(5) Describe the process of making a lead joint in bell-andspigot cast-iron pipe.
(6) Explain briefly the p1·incipal action that takes place
when water is treated (a) by filtration and (b) by disinfection.
(7) If an iron pipe is not properly protected by a suitable
coating and the water contains an excessive amount of carbon
dioxide, what is liable to happen to the pipe? Describe the
action in detail.

2

WATER-TREATMENT PLANTS, PART 1

(8) What are the principal advantages of installing a distributing reservoir in a water-supply system in which pumping
is necessary?
(9) A water main was taken out of service and emptied in
order to repair it. Explain the precautions that should be
taken in refilling the pipe with water.
(10) List the duties that must generally be performed by
the operating staff of a water-treatment plant.
Mail your work on this lesson as soon as you have finished it
and looked it over carefully. DO NOT HOLD IT until another
lesson is ready.
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