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Foreword

THE widespread need for a more scientific knowledge of

the principles of Sanitation on the part of thousands

of practical men of limited education, calls for an

authoritative work of general reference embodying the results

of modern experience and the latest approved practice. The

Cyclopedia of Heating, Plumbing, and Sanitation is designed

to fill this acknowledged need.

C The Cyclopedia of Heating, Plumbing, and Sanitation is

based upon the method which the American School of Corre-

spondence has developed and successfully used for many years

in teaching the principles and practice of engineering in its

different branches. It is a compilation of representative In-

struction Books of the School, and forms a simple, practical,

concise, and convenient reference work for the shop, the

library, the school, and the home.

C. The success which the American School of Correspondence

has attained as a factor in the machinery of modern technical

and scientific education, is in itself the best possible guarantee

for the present work. Therefore, while these volumes are a

marked innovation in technical literature—representing, as they

do, the best ideas and methods of a large number of different

authors, each an acknowledged authority in his work—they are

by no means an experiment, but are in fact based on what has



proved itself to be the most successful method yet devised for

the education of the busy workingman. They have been pre-

pared only after the most careful study of modern needs as

developed under the conditions of actual practice.

^ Neither pains nor expense have been spared to make the

present work the most comprehensive and authoritative in its

field. The aim has been, not merely to create a v^ork which will

appeal to the trained expert, but one that will commend itself

also to the beginner and the self-taught, practical man by giv-

ing him a working knowledge of the principles and methods,

not only of his own particular trade, but of all allied branches

of it as well. The various sections have been prepared espe-

cially for home study, each written by an acknowledged author-

ity on the subject. The arrangement of matter is such as to

carry the student forward by easy stages. Series of review

questions are inserted in each volume, enabling the reader to

test his knowledge and make it a permanent possession. The

illustrations have been selected with unusual care to elucidate

the text.

^ Grateful acknowledgment is due the corps of authors and

collaborators—men of wide practical experience, and teachers

of well-recognized ability—without whose hearty co-operation

this work would have been impossible.
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HYDRAULICS.

1. Hydraulics is that hraiich of Mechanics wliicli treats of

tlie hnvti oovtMiiint/ tlie pressure and motion of water. Jli/ifro-

staticH is that j)artieular hrancli of liydraulics which treats of water

at rest, and hijdi'odijNfnnicii is that branch which treats of water

in motion.

2. Units of Measure. The unit of length most frequently

nsed in hydraulics is the foot. The unit of volume is the cubic

foot or the United States gallon. The unit of time usually employed

in hydraulic formulas is the second, but in many water-supply

problems the minute, the hour, and the day are also often used.

The unit of weight is the pound, and that of energy the foot-pound.

1 U. S. gallon = 231 cubic inches = 0.1337 cubic foot;

1 cubic foot := 7.481 U. S. gallons;

"1.2 T^. S. gallons = 1 Imperial gallon.

3. Weight of Water. The weight of distilled water at dif-

ferent temperatures is given in Table No. 1.

The weight of ordinary water is greater than that of distilled

water on account of the impurities contained. For ordinary pur-

poses the weight of a cubic foot of fresh water may be taken equal to

62.5 pounds. Sea water will weigh about 64 pounds per cubic foot.

TABLE NO. \.

Weight of Distilled Water.

Temperature,







HYDRAULICS

If II is tlic Jircji of tlu' jiistoii 1* and A lliut of tlu' ])ist()n W,

tlicii the iii'cssurc ]i('i' Bijiiaro iiicli jn-oduciMl Ity tlic weiglit P will

he -. Tiiis \vill also l)c the ni'cssiii'c i)L'r scniurt" inch on AV, and
<(

.

hence the weif^ht W which will be sustained will he equal to the

. P
area A iuulti])lied by the ])ressure per squaiv inch, . or

PW= A—.
a (')

The ])rincij)le above stated is utilized in the liydraulic press

shown in Pig. "6. In this apparatus a pump on the right with
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HYDRAULICS

small plunger feeds a large plunger }> underneath tlie movable

plate of the press on the left. The punij) plunger corresponds to

the piston P in Fig, 2, and the press to the piston W. By makinc

the pump very small and the jtlunger under the press very lanre,

enormous pressures can be exerted even by means of a hand pump.
The pressure produced is given by formula (1) above. It is to be

noted that the pressure per square inch on the interior of the appa-

ratus, the pump, piping and press, is the same at all points.

KxampleH. 1. If the area of the pump plunger be 2 so.

in. and that of the j)ress 1 sq. ft., what pressure will be exerted by

the press when the load on the pump is 100 lb.?

Using equation 1 we have <^ = 2 sq. in., A = 144 sq. in., and

P = 100 lb., whence W = 141 X -^^ = 7,200 lb. Ans.

2. If a j)ressure of 10 tons be desired and the area of the

piiess plunger be 200 S(p in., and the available pressure on the

pump plunger be 150 lb., what area must be given to the pump
plunger \

HereW = 10 X 2,000 = 20,000 lb., A = 200 and P = 150.

Using equation 1 and letting ,/; = desired area, we have 20,000 =.
200 X 150.

Solvinu- for ,/' we have x = 200 X 150

20,000
= 1.5 sq. in. Ans.

6. Pressure Due to the Weight of Water. Let Piir. 4 rep-

resent a vessel of water. Consider a vertical column of the water

of height li and a cross-section of one

square foot. Its volume will be It cubic

feet and it will weigh ()2.5 X li pounds.

As it is supported entirely by the water

underneath, it therefore exerts a pressure

upon that water of 62.5 X A pounds.

Likewise the pressure at any other point

in the vessel at a distance A below^ the

surface is 62.5 X A pounds per square

foot. Furthermore, since the water exerts

equal ]»ressures in all directions it follows that the pressure against

the sides of the vessel at this depth, or against any ol)ject im-

mersed in the water, will also be 62.5 X /' pounds pers(piare foot.

Fie:. 4.

15







HYDRAULICS

Consider now the pressure on one of the sides, as BC. In

this case tlie ])ressure per square ineli is not uniform, varying

from iiothiiiir at V> to a maximum at C wliere it is eipud to //, X
.434 pounds ])er scpiare inch, the same as on the bottom. At any

deptli // tlie pressure is h X .434 pounds per s(piare inch. Tliis

variation in pressure is represented in Fig. (3 by the variation in

length of the arrows acting against BC. From an inspection of

the figure it is evident that the average length of these arrows is

equal to one-half the length of the one at the bottom, or in other

words, the average pressure per square inch against BC is equal

to one-half the maximum, or ^ /', X .434, which is the same as

the pressure at the center of BC. The total pressure on the entire

surface is then equal to this average pressure multiplied by the

total area, or equal to ^ Aj X .434 X A, (l.

If the area in question be a plate B'C' immersed in the water to

a depth 7^, the result is the same, except in this case thei'e is an ecpial

pressure on each side. As before, the pressure on either side of the

plate is equal to ^ //^ X .434 X (area of submerged portion of plate).

If the plate be wholly submerged, as BC, Fig. 7, the pres-

sure per square inch at B will be Aj X .434, and. that at C will be

/ij X .434, and the variation in pressure will be represented l»y a

trapezoid of arrows instead of a triangle. The average pressure

will now l)e —^—^—- which is again the same as the pressure at

the center of BC. The total pressure will Ihi this average pres-

sure multiplied by the area of the plate.

In all the alcove cases it will be seen that llit' averagi' ])re.ssnre

found is the same as the pressure at the center of tlie plate. In a

similar way it can be shown that for plates of aui/ ^/k/jk' the aver-

age pressure is equal to the pressure at the center of (jra^oifi/ of the

area, hence the following:

Rule. The total'press are on asuh)ner<je<l vertical

2>lane surface is eqtial to the j/ressare jx'i'

unit area, at its center (f (jravitij niultl-

jdied Ijij its area.

(3)

Sii|)|»(ise now the plate !>(', I'ig. S, be an inelini'il |)lal(^ im-

mei'sed in water. From the principles already explained the

18



HYDRAULICS

pressure per square inch will be the same at any given depth as if

the plate were vertical. Hence at 13 the pressure is /c, X .434 and

that at C is //_, X .434. The average pressure is again —!—
^^^

—

—

X .434, or the j)ressure at its center, and the total is ecjual to this

pressure multiplied by the area of the j)late. Whence the more

general rule.

—

Rule. The total ^y/v-**^/'^ on any auhuterijcd jd'Hta

isurfacti 'i>i equal to the ^y/'t-si'/z/'t! j"-'' "'^^^

area at its center <lf (/''"vltij in ult'ipiled (4)
hij its area. Surh j/ressure always acts at

rhjlit angles to the surface.

8. Pressure in a Given Direction. In the above discussion

we have considered only the total pressure of the water, which

always acts perpendicular to the surface of the luxly. In Fig. H

let P represent this total pressure on the surface ]>C. which has a

z-/^.







12 HYDRAULICS

lo. Bursting Pressure in Pipes and Cylinders. Let BP2CD,

Fitr. 12, be the cross-section of any ItijK' of diameter d and

lentrth I and containinij water under a head //. The fio;ure shoM's

tlie pipo connected to an open vessel with water standing at a

height // above the center. This free surface of water uuiy repre-

sent a reservoir at a height A above the pi])e, or tlie pipe may l)e

entirely closed and the pressure head A exerted upon the water by

means of a force pump or a pumping engine. The pressure per

sijuare inch at the center of the pipe will be A X .484 pounds.

The pressure against the pipe BEDC will be perpendicular to

the surface at all points, and if the diameter is small compared

to tlu^ height /^ this pressure will be practically the same at all

points and equal to h X .434 pounds per square inch.

Suppose we wish to find the total liori-

zuntal force acting against the half IJDC.

By the foregoing article we niay consider

the pressure on its vertical projection BC
The center of gravity of this vertical pro-

jection will be at the center of the pipe and

the pressure per square inch at that point

will be h X .434. The area of the projec-

tion BC is equal to d X ^. Hence the total

horizontal pressure against BDC will equal

A X .434 X dl. The pressure against the

side BEC will be the same, Ijut opposite in

direction.

The action of the j)iessures on BJ)f'and

BEC tends toburst the j)ij)eat points J> and

C. This is resisted by the stress inthepij)e,

'ilicaiiioiiiit of wliicli at each of these points is one-half the total hori-

zontal pressuie on BDC or BEC, or eq\uil to-— li X .434 X dl.

If we consider a length of ])ipe of only one inch then / =^ 1 and

we have the impoitant formula for the Ijursting stress in a pipe :

r^--L

S .V' X .434 y d

in M'Jiicli S = stress irm* liiu^al iiu'h of ni

(6)

.^ss pel pip

22



VDUAULICS i;j

// head of walci' in fret

and ij diaiut'tiM" of |ti|H' in inclics.

J*V expressin<^ the })ivssiirc-li('a(l in |)()iindri jxm' s(|iiai(' incli instead

of feet head we liave

« = 4 (7)

ill wliichy; = ])ressnre per s(jiiare iiicli at center of ]>i))e.

If ?* == tliickiiess of I)ipt* in inches and x = stress on the metal

per square incli then

•' =# (»)

For hirge pipes and low lieads the stress at (.' will he a little

larwr than at B.

II. Longitudinal Stress in Closed Pipes and Cylinders. Let

Fio;. 1;3 represent a side \iew of a short pipe (;r cylinder, closed at

•B IB _

Dp \ d [ d
)

^ C Q O ^ b

Fig. 13. Fig. 14.

tlie ends like a steam l)oiler and containincr water under a pressure

p per square inch. Consider the portion to the left of a section

BC (See Fig. Wa.^ The cross-section of the cylinder at BC
will be a circle of diameter d on which there will be a stress S

due to the horizontal water pressure on the end of the cylinder at

D. This total horizontal pressure may be found as in the pre-

ceding article. It is equal to the average pressure j9 multiplied by

the vertical projection of the area of the end. This projection.

Fig. l-t/-*, is equal to the area of the circle of diameter c/, or to

^iTiP. Hence the total horizontal force is ]) X j7r<'/-, and hence

Total stress ^= jp Y. ^d^-

This stress is distributed entirely around the circumference of the

cylinder, or over a distance ecpial to ird. The stress per inch of

circumference is then equal to

23







18 HYDRAULICS

AB
^2" + AC

8 AB + AC
(13)

13. Center of Pressure on Plane Areas of Any Form. Tlie

center of pressure of irregular plane areas can be found by the

followincr rule, the demonstration of which is here omitted. Let

I>C, Fig. 15, re])resent a plane area of any form, then

The (Ihtance AF from fJic surface to tlx

center of premureis e<pial to the mom en t <f
hiertio <f the (jlven area ahout an axis at A \}4t)

(J'lvhlvil J>i/ tJie ])rn(l net of the area, timex thi

distance from, A to its center <f <jrav!ti/.

Examples. 1, What force S will be required to lift a sluice

gate .l>(y, Fig. 10, ])laced on the sloping face of a dam and hinged

at P> ? The gate is 8 feet wide, 4 feet long from .1> to C, and has

such a sl<)])e that the vertical projection LD = 8.5 ft., and the

Fig. 10.

horizontal projection CT^ = l.*.>8 ft. The depth of I> below the

surface is 10 ft.

We will first find the total pressure P against the gati'. ]»y

Art. 7 this Mill l)t^ tlu^ ])ressure iier s(p in. at the center mnltij)lied

by the area. The depth of the center is 10 | -^ BD = 10 + '-^

.
r= 11.75 feet. The ])ressure ])er sip ft. ^ 11.75 X 02.5 = 784

lb. The total pressure = 734 X 3 X 4 -= 8,808 lb.



AN ARTESIAN WELL SPOUTING
View taken in Australia, showing a typical example of the spouting bores which are trans-

forming vast areas of that continent from parched desert into the richest and most fertile of
pastoral and agricultural regions. Australia has long been known as the driest of all the conti-
nents: but it has recently been discovered that the rock strata underlying the greater part of
the country are storace reservoirs of inexhaustible water supply. Strangely enough, Victoria,
which is itself watered by flue rivers, is devoid of these sources of underground supply.
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The ('(Milrr of jirfssiii't' will lir. foiiml next. This is at a dis-

taiK'e from JJ ^ivcii hy foiiiiula 12, in which li ^ - ' 10 and h.^

10

2 IT + 13.5= 13.0. We havo tlieii .r == —- X 4 X ^7 . -. ., ^ = 2.1 feet.
d 10 + Id.o

Now taking laoiiients al)out B we have S X l->3 = P X 2.1

or S = 8,808 X |J^ = 9,590 lb. Ans.

2. Find the water pressure on a gate AB, Fig. 17, one foot

long, when the heads on the two sides are different; also find the

reactions li, and Tl., of the ijate ap;ainst sills at A and J>.

Fig. 17.

By Art. 7 the total pressure P, of the water on the left side

of the gate is equal to the pressure at the half depth -~- multiplied

by its submerged area. Taking here the square foot as the unit

and lettino- 7/' — weioht of a cubic foot of water, the pressure at a

depth --'- is —- X ''" ]U)unds j)er square foot, and as the exposed

area is7/j X 1 the total pressure V^ = -~Y. v- X h^ = -_//-j X n\

The center of pressure, or point of application of Pj, is | h^ below

the surface (Art. 12).

In like ?nanner the pressure Pi ^= ^ Jr, ii\ and its point of

application is § Z/., below the water surface on that side.
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Tlie forces P, and P.^ being known, tlie reaction P, may be

found by takinu; moments about P as explained in MechanicSo

Tbei'e results tlie equation

R, X ./-P.A+ P.1^^=0

whence

K,
1 P, /^ + P, h
1 d

Substitutino; the values of P and P, above given, W'O liave

P, = ._x.. X-^-'^^^

^ 6 ' d («5)

Y\^. 18.

ill which all dimensions are to be expressed in feet, and the result

will be for a gate one foot long. For other lengths the value of

P, will be proportional to the length.

3. Find the pressure P on a dam AB, Fig. 18. Let h =
der)th of water aijainst the dam. Consider a lenath of dam of one

foot. By Art. 7 the total pressure P is equal to the pressure at

the half depth multiplied by the area of AP or

P = -^ X r« X (length of AB) X 1.

The center of jiressure, by Art. 12, is two-thirds of the distance

from A to B.
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The horizontiil coiiijxjiieiit of the jiresaure is, hy Ai"t. 8, e(|iuil

to the Tuvssure ]>er s(juiire foot at iiii<l-<h'|ith multiplied by the

vertical projectit)n of the face A 15, oi"

Th = ^ X v) X A X 1 =^-^',r}r (l6)

D

Fig. 19.

The vertical coniponent is likewise

Pv ==
I

X w X (length BD),

but we can write BD = 7/ tan 0. Hence

Pv =-^7/-//- tan e. (17)

If the dam is submerged, as shown in Fig. 19, then the

method employed in example 1 of this Article must be used.

EXAMPLES FOR PRACTICE.

1. What is the horizontal pressure on a dam one foot long

on which the water has a depth of 80 feet ; and where is the cen-

ter of pressure ? 200,000 lb., and 26 ft. 8 in. from the bottom.

Ans.

2. What is the vertical component of the pressure in ex-

ample 1 if the face of the dam slopes 1 inch horizontally to 1

1 2
foot vertically ? (The horizontal projection == — X 80 = 6 pr ft.)

16,670 lb. Ans.

3. In Fig. 19 if h, = 10 ft., h, = 40 ft., AD = 30 ft., and

BD = 10 ft., wh'^*- will be the horizontal and vertical components
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of till' ])ivs«nre 1*^ Tlic i-enter of o;i-jivity of tlic urea is 80 ft.

deep. I se I'lile 5.

llor. colli]). = 40,875 11».; Vert. comp. = 15,025 lb.

Ans.

4. How far from A is the center of pressure in example 3 ?

The length of AB = 31.02 ft. Use equation (12). 18.07 ft. Ans.

14. Buoyant Effect of Water on Submerged Bodies. If a

body AIj, Fig 20, be submerged, the water exerts an uplift u])()n

it owing to the fact that the pressure upwards on the bottom of

the body is greater than the pressure downwards on the top. The

net uj)\\ard force, or buoyant effect, is exactly equal to the M'eight

Fig. 20.

of a volume of water equal to that of the body AB. It is plain

that this must be so, for if AB be replaced by water, the water would

tend neither to rise nor fall, that is, it would be just supported by

the surrounding pressures. Hence the following well-known law:

T/ie weight of a hody hi VHtter 'is less than

its weight in air hy an amount equal to the

weigJit ofan eqnal volume of water.

15. TJte Sj)ecife Gravity of a substance is the ratio of its

weight to that of an equal volume of water. The S])ecitic gravity

is found by weighing a body in air and iheii in water. The dif-

ference is the weight of an e(puil volume of water. I'hen if AV

equals^weight in air; and W eipuds weight in water, then W -

W = weight of water displaced, and

W
Specific gravity =

^^^fZTW'
^'^^

as explained in Elementary Mechanics.

80
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EXAMPLES FOR PRACTICE.

1. If ii body \vei«^lis 100 lb. in air and 40 1b. in water, what

is its specific gravity 'i 1.07. Aiis.

2. If a body of .() cu. ft. in volunu; weighs 75 lb., what

is its specific gravity, the weight of water being ()2.5 lb, per

cu. ft.^ 2.0. Ans.

3. If a body of 3 cu. ft. in volume has a specific gravity of

.75, what force is necessary to submerge it ? Here the buoyant

effect is greater than the weicrht of the body. -4().'.) lb. Ans.

FLOW OF WATER THROUGH ORIFICES.

i6. Velocity of Flow Through Orifices. If AB, Fig. 21, be

a vessel containing water of dejith //, and (' and 1) are any open

tubes connected therewith, the water will stand in these tubes at

Fig. 21.

the same height /) above the base level AB as in the large vessel,

and the pressure in the tubes at any given depth is the same as in

the larife vessel at the same depth. If we now make an opening

at E so that the water will issue in a vertical direction it has lieen

experimentally demonstrated that the water will rise very nearly to

the same level as it will in the tubes. The discrepancy is due to

the air resistance and a slight friction at the opening. Neglecting

this discrepancy the velocity of the water at E can be determined

on the principle that it must be sufficient to cause the water to rise

the distance h^. In Mechanics it was shown that, neglecting air

resistance, the velocity a body must have to cause it to rise against

gravity a distance //, is the same as the velocity Required by a i)ody

fallino; through the same distance. This velocity is given by formula

3X
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V = V2(jh

ill which c — velocity in feet per second

(J
— acceleration of gravity

= 32.2 feet per second

and h = height of fall, or the height a l)ody M'ill rise when

started with a- velocity v.

Applying this to the jet issuing from E we lind that the theo-

retical velocity of efflux is

V = 1/2^

If the orifice be in the side of the vessel, as at F, on the same

level as E, it is plain that the water will issue with the same force

as at E, since the pressure is the same. Hence in general:

T/te theoretical veloGlty of efflux from an orifice in <(ii
ij

direction is

V == V^ (19)

where h is the pressure head in feet at the orifice.

In practice the velocity is a little less than that

given by the formula, the actual velocity being from

97% to 1)9% of the theoretical. This ratio of .97 to

.99 is called the coefficient of velocitij.

17. Use of Orifices for Measuring Water. In

making use of an orifice for measuring water it is de-

siral)le, for the sake of accuracy, that the orifice be con-

structed in such a way that the water in passing out

will touch the inner edge only. This may be done by

making the orifice of a very thin plate, or cutting it on

a bevel so that the water will not come in contact with

Fig. 22. the side, as shown in Fig. 22. To get accurate results

an orifice should be made of metal, such as brass, and

fastened to the inside of the tank as in Fig. 22, l)ut in many cases

sutficiently accurate results can be obtained by cutting a beveled

hole in the side of a tank.

To give reliable results the orifice should be located a dis-

tance from the nearest side or the bottom of the tank not less than

thive times the width of the orifice. The tank or chaiiiiel should

also have a cross-section much larwr than that of the orifice so
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thiit tlie velocity of the water as it approaches the orifice will be

small, otherwise the discharge will ]>e affected by this "velocity of

apj)roach ". If the cross-section of the tank is as much as twenty

times that of the oi-itice tin's effect is of no consequence.

i8. Discharge Through Small Orifices. When water tlows

tlii()\i<^h an orifice, such as shown in Fig. 22, the direction of the

tlow at the edtjes is such as to cause the water vein to contract as

it issues from the orifice. The area of the contracted vein at its

smallest section is only 60 to 70 per cent of the full area of the

orifice, the exact value depending upon the size of the orifice, and

the pressure. Now the discharge through any orifice, pipe, or

channel is equal to the area of the cross-section of the stream of

water multiplied by its velocity at that point. If we measure the

cross-section in square feet and the velocity in feet per second, then

the discharge will be expressed in cubic feet per second. In the

case of the orifice, then, to determine the discharge per second we

would need to multiply the area of the cross-section of the vein of

water by its velocity. In Art. 16 it w^s shown that the actual

velocity of the jet was about 97 to 99 per cent of the theoretical

velocity r, which refers to the velocity of the vein at the contracted

section Mhere the velocity is a maximum. The discharge will then

be found by multiplying this actual velocity by the actual area at

the point of contraction. Thus if we take the coefiicient of velocity

-

as .98 and the coefiicient of contraction as .65, the discharge

would be

Q = .98 V X .65 A
where C2 == discharge in cubic feet per second

V = theoretical velocity in feet per second by equation

19, and A = area of orifice in square feet.

If we substitute for v its value {/ '2(/h we have

Q = .98 X .65 A i/2p:

= .637 A v/2^

The coefiicient .637 in this case is called the coefficient of dh-

charge, and as it varies with different conditions, it is desirable to

use the more general formula

Q = r A V 2yh. (20)
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in which o = coefficient of discharge, M'hich varies in value from

about .66 to .60. Tliis coefficient is the product of the " coefficient

of velocity" and the "coefficient of contraction."

TABLE NO. 3.

Coefficients for Circular Vertical Orifices.
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TABLE NO. 5.

Coefficients for Rectangular Orifices 1 Foot Wide.

Head, A,
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2. What must be tLe diameter of a circular orifice acting

uuder a head of 25 feet to discharge 1 cu. ft. per sec. ? (Assume

c = .6 for a trial solution.) 2.76 in. Ans.

3. A pipe discharges 1.5 en. ft. per sec. into a tank from

which the water escapes through an orifice in. square. IIow

Fig. 23«. Fig. 236.

deep will the tank ])e filled above the orifice when the outflow is

just equal to the inflow ? 1.53 ft. Ans.

FLOW OF WATER OVER WEIRS.

20. General Explanation. The term weir is usually given

to a iioteli cut in the side of a tank or reservoir through which

water may flow and l)e measured. The notch is usually rectangu-

lar and may have a width less

than that of the tank, as shown

in Fig. 23^7, or equal to that of

the tank, as in Fig. 23<^. Such

weirs are often used for meas-

urinii the flowof a small stream

by l)uilding a small dam and

leadinir all the water throuo-h a

notched plank or timber wall.

For accurate work weirs should

be sharp-crested (the ''crest"

is the lower edge over which

the water passes) so that the

water will touch the inner cor-

^^^y ^\4\

Fig. 24.

ner only as in the case of the standard orifice described in Art. 18.

The back side of the weir should be smooth and vertical for a

considerable distance downwards from the crest.
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-e

If the weir is made as in Ficr. 28'/ the water in j)assintT out

will cause a contraction of the stream laterally, but if made as in

Fig. 23/> the water will pass out parallel to the sides of the tank

and there will he no lateral, or, as it is called, '-end

contraction ". In either case reliable results may be

obtained by the use of the proper coefficients, but if the

form of Fig. 23'/ be used, the distance of the notch from

the side of the tank or channel should l)e at least three

times the depth of the water on the weir in order that

the contraction may be com])lete.

The measurement of water tlowint; over a weir is

accomplished by merely measuring the depth of the

water flowinor over it. Then knowing this and the

length of the weir the discharge can be calculated. In

measuring this depth of water, or "height" of water

on the weir, as it is commonly called, it is necessary to

take the level of the water some distance back from

the weir, as at A, Fig. 24, in order to avoid the effect

of the curvatiire of the water surface. The difference

between the level of the water and. that of the weir is

then the desired height II. The necessary distance

back from the weir may be taken as 2 or 3 feet for

small weirs to 8 or 10 feet for large ones.

A common and accurate way of determining the

level of the water at A is by means of a submerged

hook, shown at G, Fig. 24, called a hook gauge^ ar-

ranged to be easily moved vertically along a scale. Fig.

25 shows such a gauge in detail. The gauge is set by

moving it until the hook comes to the surface of the

water. The scale is then read and the level of the water

determined. , ^
21. Formulas for Discharge. If the weir were a %::J)

rectangular orifice at a considerable depth below the pjg, 25.

surface its discharge would be given by the formula

Q = c X h X d V^ (21)

as in equation 20 of Art. 18. Li this expression h = breadth and

d = height of oritice, and A = average depth of ^orifice below the
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surface, or the average pressure head. In the case of the weir the

depth d is the height II, and the average pressure head, //, is soine-

thintJ" less than H, varying from nothing for the vi^ater at the sur-

face to the full value H for the water at the crest. For a case like

this where the S(juare root of a quantity, /^, is taken, that varies

from zero to a given value II, the ((vcratje value of this square root

is two-thirds the square root of the maximum limit II. That

2
is, for// in equation 20 we may substitute -tt- ill^ gi^^'^^ for the

discharge

Q = ch X-^ II I 2^ir •

= c x^h ] 2^X 11^' (22)

in which c is the coefficient of discharge and ecpial to ahout .()0 to

.<)5 as for orifices.

If the cliannel is small the " velocity of a|)pi-oacir' will have

an appreciable effect u]K)n the discharge, increasing it somewhat

above what it otherwise would be. This is taken account of by

calculating aj)proximately the-velocity of the water in the channel

of approach at the place where the level of the Maler is measured,

aiul determining the head h corresponding to this velocity l)y the

formula

Then the discliarm- will be, for weirs with t'lid contractions.

Q = ,. X I h 1/27(11 + lA/,)^ (23)

and for weirs without t-nd contractions

Q = c x-^ y^ (It + 1 T^h^ (24)

The coefficient c should, in all cases, be selected according to

the chai'acter t)F the weir.

In calculating "velocity of ap|>roacli ", it is lu'cessary lirst to

get an approximate value for the discharge (^ l)y omitting the term

//. The resulting discharge, divided l)y the cross-section of the
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tank or cliuiiiu'I will In-, with sufficient acen racy, the desired veloc-

ity of iipproHcli.

22. Coefficients of Discharge. Tables Nos. ('> and 7 ^ive val-

ues of the coefficient r for the !il)o\'e foniinhis for rectancrular

sharp-crested weirs.

TABLE NO. 6.

Coefficients for Contracted Weirs.
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23. The Francis Formula. Tlio inost widt-ly usrd weir

foniml:i for larore weirs without end eontnictious is that derived

]»y iVFr. James B. Francis from an extensive series of experiments

on Meirs 10 feet lono;. His formnhi is

Q = 3.38 m^, (25)

in wliich the unit of length must be the foot. This is equivalent

to the use of a constant value of the coefficient r of ecpiation 22,

equal to .023. It gives results sufficiently close for most purposes.

With end contractions the length h is to be reduced l)y .1 JI for

Fig. 26.

one end contracted and by .2 II for l)oth ends contracted. The
formula is furtlier inodified to allow for velocity of appi-oach, but
where this element enters, use may be made of the other formula.

24. Submerged Weirs. AVliere the M-ater on tlie down-
stream side of a weir is higher than the crest, as in Fii>-. 2(5, the

discharge is closely given l)y the formula

Q = 3.33 ^ (//II)^ (26)

where II is the height of the water on tlie uj)])er side and // is a

coefficient depending on the ratio of the head on the lower side,

II', to the head II. The values of n are as follows:
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TABLE NO. 8.

Values of u for Submerged Weirs.

H'
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siblo, tlici best snlistitiite for it is to use constants wliich have been

detei'inined for a weir a<yreeincr as closely in form as may be to the

one under consideration.

Tn Table No. U are given several sets of coefficients for live

forms of dams, as determined by experiment. This coeilicient is

to be used in place of the value 3.88 in ecpiation 25.

It will be noted by comparincr Nos. 1 and 3 that the discharge

falls off considerably by using a flat slope for the back of the dam.

Ku'dinplcK. 1. AVhat will be the discharge of a sharp-crested

weir 4 ft. lontj with II = inches, there beinxj contraction at

both ends?

.

. I)V Table Ts'o. (> the coefficient uiay bi^ taken at .010. Then

2 . / 1 \ii

byequalion 22.(i — .Olx^ X 4 X i
()4.4 X.\^-9^ = 4.(; cii.

ft. ])cr sec. Ans.

2. If the channel of ap[)roach in example 1 be feet wide

by 2.\ feet deep, what will be the effect of the " velocity of

approach " ?

Assuming the same discharge as above, the velocity of How

4.6
in this channel will be rr

——-=rT = -H ft. per sec. The head //

- 6 X 2|
^

v^ .11^
corresnondino; to this velocity = -^- = -tt-t = .0002 ft. Intro-

^ ^ ^ %! 04.4

ducing this value for // in ecpiation 28, it is seen that the additional

term 1.4 h is too small to be of any practical consequence.

FLOW OF WATER THROUGH PIPES.

26. Discharge Through Pipes for Different Velocities. Tlu

rate of discharge through a ])i]»e is eipuil to the average velocity of

the flowing water multiplied by the cross-section of pipe. Veloci-

ties ai-e u.snally expressed in feet ])er second and discharge in cubic

feet per second or gallons ])er minute. The diameter of a ])i])e is

always given in inches. These differences in units make it

desirable to have a table at liand giving for a veloc-ity of one foot

per second the discharge of pipes of various diameters expressed

both in cubic feet per second and in gallons ]hm' nnnute. Such a

table is given below :
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TABLE NO. 10.

Discharge of Pipes in Cubic Feet Per Second and in (iailons Per

Minute for a Velocity of One Foot Per Second.

(For oilier vflociiii's iiiuliiply.tlK* discharge here given by tlie velocity expressed in feet

persecoud.)
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I'^roiii (lie liiws of ju'cssiirc cxplaiiuMl in Art. ('» wc know lliiit if tlio

valve 1) be closed so that there will ))e no motion of the water the

water will rise in the tubes !>/» and CV' to the same level as that in

the reservoir. The j)ressure at A will be represented l)y tlie head

h^ and that at B and C by the heads //., and //^ respectively, which

heads may be greater or less than the head at A according as the

])ipe slopes downwards or upwards from A.

Now let the valve at 1) be opened partly so as to permit the

water to escape slowly. It will be fonnd that the pressures at

1> and (' will immediately decrease and that the M-ater in the tubes

will fall to some lower levels // and <'
. This decrease in pi'essure

Fig. 27.

is due to two causes. First, a part of the pressure head lias been

used to give the water some velocity in the pipe, and second, a

])art has been consumed in the friction of (he water in ]»assing from

A to 13 and (-. The ])ortion used in giving the water its velocity

is the same as the head ivquired to pi-oduce a given velocity of

efllu.x, V, from an orilice, and is found from thi' formula ?? = V 2(/h.

Solvinir for // we have

h =
i(/

(27)

in which /,' is the actual velocity of How in tlii^
]*'P^'-

The ])ressure head lost in friction is usually much greater

than that used in velocity and is the nuist important as well as the

most ditlicidt ])art of the problem of determining the flow in pipes.
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If II icjift'sciils the total loss of prrssm't' licinl l»*'t\V('(Mi llu'

reser\()ii- and any j)oiiit ij, //^, the head necessary to produce the

o;iven velocity at 1> ( •• velocity liead " ) and
//f the j»ressiire lost l)y

friction between A and 15 we then have in ireneral

or Iroiii ('(juation z t

11 - />, -i- /., (28)

(29)

In the lio;ure, />»// represents the head if for point 15 and rr'

tliat foi' ])oint ('. I>etween J5 and (1 the loss in head is the t/if-

/r/v//r^' between /'// and rr' and is all due to friction, since the velo-

city is the same at the two points, the ])i])e bein<^ of nniforin size.

If now we open the valve D farther so as to give the water a

higher velocity the level of the water in the tubes /-"B and cC will

fall still more, that is. there will be a greater loss of pressure head,

ir, than before. This increase in loss of pressnre is due mainly

to the increased friction loiis //^ caused bv tlu^ higher velocity, but

to a small extent also to the increased eneigy translV)rme(l into

velocity head.

In any case that ])ai"t of the head II neede<l to ])roduce the

velocity v. which is eiiual to —— , can readily 1»e calculated or can
2;/

be ()l)tained from the following table:

TABLE NO. 11.

Velocity Heads

7/ =
'^!/

Corresponding to Various Values of v.

V
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T\\o usiiiil ])r()l)leiii ill ])i-ac'tic.(,' consists in ciilciilatiiio- tlie frif-

tion loss //f
iK'tween any two given points in a jiipe for a oivtMi

velocity v ; or, conversely, to determine the velocity which will

occur with a given loss of head //j.

28. Formulas for Friction Loss in Pipes. A great nnmher

of ex])erinients have heen made to determine the friction loss in

the ilow of water through jiipes. The results show great variations

due to many causes, cliief of which is the variation in the character

of the pipe as to material, degree of roughness of the interior,

diameter, etc. Consequently much less accuracy is possihle in the

estimation of the flow of water through pipes than through orifices

or over weirs. Theory is of very little assistance here, and tlie

oidy practicahle method of calculation is to express hy some for-

mula the a])])roximate law of variation in friction, and then use

coefficients as determined from experiments.

Results of experiments show that the friction loss in a pipe is

approximately proportional to the length of the pipe and to the

square of the velocity of the water, and is inversely ju'oportional to

the cross-section of the ])i])e divided hy its circumference. If

/ we let

//f
= loss hy friction l)etween any two ])oints;

/ = length of l)ipe between same two jioints;

V — velocity of water in pipe;

r = ratio of cross-section to circumference

of ])ipe, called the "hydraulic mean

radius",

we then have, according to the above law,

/,, = '^ X /!

where I' is some coefficient.

ll is usual to write this formula so as to exjiress directly tlie

viable of /'. P>\ solviiitr for v we liave

V k

Putting C for -, we may write
Vh

- =
^yi''^f (30)
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which is known as the Chezy forumla. The values of ?', //, and I are

to ha expressed in feet, and the result will give v in feet per second.

The above formula may be used for all kinds of pipe by usinj^

a suitable value of C as detciiniiu'd l»y experiments on similar

])ipe. For ordinary cast iron j)i[H' the value of C varies from about

loo for pipes 1 or 2 inches in diameter to 140 or 150 for ])ij)cs

4 or 5 feet in diameter. \ ai'ious di;i(rrams and formulas for i)

have been devised for cast iron pipe, all of which are more or less

unsatisfactory. Mr. Hamilton Smith has constructed a diagram

which is probably as satisfactory as any now in use. Thisdiagram

is not entirely convenient in form, and instead of it we ir'^'c below

an extended table irivinf the actual velocities of How v for various

diameters of pipe and various losses of head for a length of 100

feet for pipes from ^ in. to 8 in. in diameter, and for a length of

1,000 feet for larger pipes. This table is very convenient to use

in calculations, as the desired velocity or loss of head can be seen

at a glance.

TABLE NO. 12.

Discharge, Friction Head, and Velocity of Flow Through Smooth

Pipes such as Cast Iron.
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TABLE NO. 12.—Continued.
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TABLE NO 12 Continued.
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TABLE NO. 12.—Continued.
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Jf we use H 12-iii. pij)e the total loss in friction will be ^.1 Y
15 n^ 121.5 ft. The velocity of flow will he 5.1 ft. per sec. and

the necessary velocity head, 7?^, 'will he, l)y Tahle No. 11, .4 ft.

The total head = 121.5 -\- A = 121.U ft., and the necessary eh^va-

tion of the reservoir = 138 -f 121.9 = 25'.I.'J ft. al>ove the town.

If a If (-inch |)i|)e he assumed, tlie fi'ictiou loss = l.'.lij X 15 =
2.S.1> ft., the velocity head = .1 ft., and the total head ^ 2!) ft.

Klevation of reservoir = 20.0 + 1:58 ^ ICT ft.

If a 20-inch Jii|)e l)e used, tlie friction hcjul ^r-. X)\. y 15 ^=

*.•.<) Ft., the xclocity head is less than .1 ft. and mav he netj;lecteil.

The n'([uire(I height of reservoir — 11:7. () ft.

Still lari-er sizes will oive still lower elevations for the reser-

Aoir, l)ut it is evident that tlie reservoii' in any case must have an

elevation somewhat greater than 188 ft.

From the ahove results we see that a 12-in. pijie requires the

reservoir to he at an elevation of 259.9 ft., a l(5-in. J)ipe re(piires

an elevation of 107 ft., and a 2()-in. ])ipe an elevation of 147. (I ft.

The ])roj)er size to use would be that size which would gi\e the

cheaper construction for the j)i])e and reservoir combined.

20. The Hydraulic Grade Line. Referriucr amiin to Fi<».

27, it will l)e seen tliat the droj) in pressui'e between I> and (^ will

be ])i'o])ortional to the length of the ]>ipe from 13 to C, and if we

have a long ])ipe with several open tubes attached to it like f/P> and

cC, the level of the water in them would be lower and lower as we

proceed along the ])ipe, the drop being uniform so long as the pipe

is of the same size aiid kind, the amount of the droj) per 1,009 feet

beino- cjiven in Taljle No. 12. If now a line were drawn from E
through the ])oints />, r, etc., so that the height of this line al)ove

the ])ipe would represent the pressures in it, this line would ]»e

called the '• hydraulic grade line" for the pi[)6 under the given

conditions. Tt is convenient in various problems to construct such

a grade line. Its position will evidently vary with the velocity of

the flow and will be a horizontal line when the water is still, and

always a straight line for a pipe of uniform conditions.

30. Siphons. If in any case a ])i[)e line rise^ibove this liy-

diaulic grade line, as shown in Fig. 2'S, the pressure in such jtortion

of the pipy will be less than atmospheric, the ])ressure measured by

the grade line as described above referring in all cases to the pres-
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sure in excess of tlie usual atmospheric pressure. That portion of

tlie pipe Be lying above the grade line is called a i<'ij>hnn. The

greatest height above the grade' line which it is practicable to

operate a siphon is considerably less than the height of the water

barometer given in Art. 4. Evidently since the velocity of flow,

and hence the hydraulic grade line, can be varied l)y varying the

opening at D, a pipe which niay act as a sij)hon at one time niay

not so act at another. Thus in the figure, if valve ])be nearly

closed so that the flow is reduced and hence also the frictional loss.

/ior/zontal L/ne

Y\SI. 28.

tlie gi'a<le line will rise to some jjosition such as AK an<l thei'e will

be i)i"essurt' in excess of atmospheric at all ])()iiits.

3i. Flow Through Special Forms of Pipes. WiOitcd P'j><

.

The friction loss in riveted pipes depends upon the thickness of

the plates and tlie manner of making the joints. Experiments on

this class of pipes are not sufliciently numerous to enable any gen-

eral expression to be formulated, so that in the design of such ])ipes

the selection of coefiicients must be uuule l)y reference to the

expei'lnu-ntal data. In general it is found that the coi'tHcicnt (',

of e(juation HO, changes little with change in diameter or velocity,

and in this respect exhibits consideral)le dilference from its vari-

ation ii: cast-iron pipe Eor ordinary velocities the value of ('. for

new pipe appears to range between 100 and 115. A value of 100

is as great as it is well to use.

32. Wood Stave Pipe. Eevv experiments have been made on

this class of ]»il)c altlu)ngh it has been used (piite e.\teiisi\ely in

the AV^est. Tht^ 1*'!'*^' '^ usually quite snu)oth and not subject to

deterioration on tlie interior, so that its dischaiging caj)acity is

higli. For oi-di nary velocities the value of O,e(juation 80, uiay bo

taken at 110.
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S3. Fire Hose. In makiiitj; jirovisioiis for fire })rott'ctioii it

becomes necessary to estimate the effectiveness of a stream of water

wlien led through a given leiigtli of liose for a given pressure at

the hydrant, or to find what pressure is required to throw a stream

a given heiglit or a given distance. The usual size of fire hose is

2A inches. At the end of tlie hose is attached a nozzle of a diam-

eter usually of 1 in., 1^ in., or 1^ in., which ])artly controls the

amount and ])ressure of the water dischargi-d. If there were no

fi'iction in the hose tlu^ water could ]k' tlirown nearly to a height

corresj)onding to the pressure head at the hydrant, hut the hose fric-

tion is very great, and tM'o or three hundred feet of hose will cut

down the eiif'ective ])ressure often more than one-half. Evidently

the more raidd the flow throui>;h the hose the crreater tlie friction

loss, hence if the nozzle is small so that the discharo-e will he small,

the effective ])ivssure near the nozzle will be greater than with a

large nozzle and large discharge. Hence a higher stream can be

thrown through a snuill nozzle Nvith a given hydrant pressure and

len<rth of hose than throutrh a laru;e nozzle, although the stream is

not so effective in (luenchinu; a fire as the larj^er stream.

In Table Xo. 13 are given the necessary data for estimating

the loss of head and effectiveness of fire streams for various pres-

sures and for three sizes of nozzles

Tn the table. J»age 44, the pressure given is that at the nozzle

instead of at the hydrant. To get the latter, it is necessary to add

to the nozzle pressure the head lost in the hose. The result will

be the hydrant ])ressure, providing nozzle and hydi'ant are at same

level. Tf not. then a cori'i'ction would need to be made for this

difference in elevation. The vertical heiu-ht and horizontal dis-

tances ai'e to be measured from the nozzle. The heads are given

in pounds ])er square inch, which is the customary unit in this

class of work. To I'educe to feet of head multiply pounds pressure

by 2.3.
•

^

I^xaitipleK. 1. What hydrant pressure will l)e reipiired to

throw a stream of water 75 feet vertically through a Ijl-in. nozzle

and 3()() feet of hose.

In the tal)le forthelA-in. nozzle we see that for a heiiiht of 75

feet the loss of head per 100 feet of hose is 20 ])ounds, and the

pressure at the nozzle is (in first column of tahle) 50 pounds. The
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TABLE NO. 13.

Hose and Fire=5tream Data.

lb.

20

40
-50

HO
70
80
90
100

l-iiuli Smooth Nozzle.

1H2

1G1

18(5

•2()H

228
246
268
279
295

r ^ i

lb.

5

7

10
12
lo
17

20
22
25

— c a

ft.

.-.0

51

04
78
79
85
89
92
96

q o
.So,

SQh

47
55
61
67
72
76
80
8.8

109
188

152
167
179
189
197
205

I'8-iii<-'li Smooth Nozzle.

'J

a i

M.9

168

206
288
166

291

314
886
.856

8,76

ft.3

lb.

12
16
20
24
28
82
8(5

40

W o f

151

36
52
65
75
88
88
92
96
99

ceQP4

88
60
59
66
72
77
81
85
89

80
115
142
162
178
191
208
214
224

I'l-iiu'h Smooth Nozzle.

209
256
296
881

868,

892
419

444
468

a.2 «

So

*J
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discliaroc. 'I'lic iic\t lower \al lie is 'loi't o-allons, o-iviiif^ a iiozzlo

])r('ssiii(' of ;{() |i()iiii(ls and a total lioso loss oC 11) X 2,5 or 47.5

])()Uii(ls, oiviiio- u total of HO -\- 47.5 = 77.5 jjouiuls. Evidently

the correct value is soniewliere between 2'.K) and 250, and further

that it is hut veiy little below the former value. For a total chancre

ill discharge of 40 gallons we have a change in total head of 102.5

— 77.5 or 25 pounds. ITence for a change of 2.5 pounds the dis-

chnrgcMvilJ vary about ^\y of 40 gallons, or 4 gaHons. The discharge

may tlien be taken as 21)2 u;allons T)er minute. The effective heicdit

will b(^ between ()7 feet and 53 feet, but only a little less than the

foi'iiuM- value, say (55 feet. This is as close an estimate as the con-

ditions of the problem will warrant, since the hose friction is a

factor that varies greatly according to the character of the hose.

34. Minor Losses of Head in Pipes. In most of the followinir

formulas the (luantity --— occurs. For o-iv^en values of v this

quantity can readily be taken from Table No. 11.

/.OSS of Head at Katrancc. This is expressed Ity the formula

^ = (^-0J- (3.)

where v = velocity in tlu^
I''}'*^'

"•"^ '' is the coefficient of discharge.

For various foi'ms at entrance, as shown in l^'iu". 21), we have the

follow! no- \aliu»s:

.. 4-1.
c

Pipe projecting into reservoir, Fig. (»?] ,72 .93

End of pipe Hush with reservoir. Fig. (/>») .82 .49

Conical or bell-shaped mouth, Fig. (r-) or (r/) .9.8 to .98 .15 to .04

Ijtsii of Head at Hciulx. For 90' bends this is ecjual to

A = ..|^ (32)

in which n has the followino- values accordino- to the ratio of the

radius of the ])ipe v to the radius of curvature II:

-^ 1 .2 .3 .4 .5 .('. .7 .8 .9 1.0

n 13 .14 .10 .21 .29 .44 .GO .98 1.41 1.98
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Ln.^M of JFi'diJ in Y(iJv< s. AVeishacli's experiiiients on small

£fjiU'-\'Mlvcs iJiivt' \aliu's foi' // ill llu' cxni't'ssion // - // . as follows:

Tialio of lieiglit of opening to diameter. « f 8 ^ § i 8'

Values of y/ 07 .20 .SI 2"l 5.5 IT 98

In applying the above foninila r is the veloeity in tlie ])ij)e.

For a thi'ottle-valv(^ ])laee(l at various angles B witli the axis

of the ]>ijHS Weisl)aeh found the following values of //

:

0.. 5 10 20 30 40 50 00" 05" 70'

V/...24 .52 1.5 3.1) 11 33 lis 250 750

Experiments on larw o-ate-valves have been madi' bv Kuich-

lin<i- and by J. AV. Smith. The followino; table o-ives values of

the coetiieient r in the exjd'ession Q. = rAl ~ij/>. In this exj)res-

sion A is the area of the ojiening, // is the head lost in the valve,

Q is the rate of discharge.

TABLE NO. 14.

Coefficients for Large Gate=Valves.

Ratio of height of opening \ q- 12 3-1.") 7 8
to diameter )

' '

Ratio of area of opening 1 ^,_ j,j 23 .3(1 .IS .(iO .71 .81 .89
to total area J

Coefficient c for 24-in. valve 1.7 1.0 .72 .70 .77 .92 1.2 l.G

Coefficient c for 30-in .valve 1.2 .9' .83 .82 .81 .90 1.05 1.3.") 2.1

Exam/ple. If a pump draws water from a ])ipe projecting

into a reservoir what will be the loss of head at t'litraiice, lhe\eloc-

ity of water in the pipe being feet per second

ITsing equation 31 of Art. 34 the value of (-;. - 1) is, for this

IT

case, about .03. The loss of head is then .03 X -,, which by Table
~.V

No. 11 = .93 X .50 or .52 feet. Ans.

If the pipe is flush with the reservoir the loss of head will bo

oidy .40 X .5(), or .27 feet.

Finally, if the ])ij)e is enlarged to a bell-mouth oi'conit-al form

the loss of head will be viM'y snndl, s:iy .10 X .50) or .050 feet.
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f LOW or WATER IN OPEN CHANNELS.

35. General Formula. Wlu-r*' water lluws in un ojkmi clian-

iiel like a ditcli. or a concrete, hriek or tile sewer floM'int; less than

full, the inclination of sncli channel is what furnishes the necessary

fall or head to the water for overcoininfr friction. In this case

there is no pressure at any point, and the loss of head from point

to point will he the difference in level of the water surface between

the friven jK)ints. This difference in level, or head, after the flow

has hecoine steady is e<pial to the loss of head due to friction in

the same distance.

The frictional loss in open channels is expressed hy the same

general formula as that used for ])i])es in Art. 2X. It is

V ^= c |/'/'.v (^^)

in whicli as he fore

-,j = velocity in feet per second,

c = a coefficient,

/• = hvdraulic mean radius = the cross-section of the actual

stream of water divided hy that part of the ])erim-

eter that is underwater (•• wetted perimeter ").

.<? r=: slope of channel, or ratio of fall to length = __ ,

For open channels the value of c varies much more than for pipes,

as the nature of the channel varies more. Thus the channel may

he a smooth tile sewer where e may be 100 or more, which is altout

the same as for iron pipe; or the channel may be a rough natural

water-course for which the value of c will be only 30 or 40. Esti-

uiates of flow in very rough channels are obviously subject to great

uncertainties, but for sewers and open masonry drains or conduits,

estimates uiay be quite closely uuide, as the values of c have been

quite well determined.

For convenience the value of (• has been expressed in a for-

mula, called Kutter's foruiula, in which the condition of the chan-

nel is taken account of by a special coefficient y^ called the coeffi-

cient of rouorhness. This formula for ordinary cases is
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l.s

+ 45

45//

V '/

(34)

ill ^vlli^'ll /' = liydraulic iiieaii radius in feet, and // = coefficient

of roiudiness, varyintr from a value of aliout .00'* for siiiootli plank

to .OHO for natural cliannels full of stone, etc.

The followino; are the values ol" // usually assuiiit-d I'oi' the

various surfaces inentione(l: //.

Cliannels of well-jilaned timber (H)0

'• neat cement or of very smooth pipe 010

" un]daiied timl)er or ordinary pij^c 012

•• smooth aslilar masonry or brickwork 013

-' " ordinary brickwork 015

"• " rubble masonry 017

in eai'th free from obstructions 0"J0 to .025

'• witli detritus or a(piatic jilants 080

After selectiiicr the value of //, tlu' \alue of r can readily be

ol)tained from Table No. 15.

TABLE NO. 15.

. Values of c in Kutter's Formula, for Various Values of //.

; ill Feet.



REINFORCED-CONCRETE WATER TANK, ANAHEIM, CALIFORNIA

Total height, 113 ft. : supporting frame. 75 ft. liigh: tank, 38 ft. high, 32 ft. in diameter, with
walls 5 in. thick at bottom, tapering to 3 in. thick at top. Capacity, 200,000 gallons. Cost,
$11,400, or 75 per cent of lowest estimate on a steel tank and tower of like dimensions.
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36. The Hydraulic Mean Radius /•. As ])efore explained, this

is a iiaint^ <i;ivtMi to tlie (jiiotit'iit foiiiKl l)y dividing the actual cross-

section of a stream of water by the " wetted perimeter," or that

part of the periuieter of tlie cross-section of tlie channel that is

under water. In the case of a pipe flowing full, of diameter d^ the

cross-section is ^d" and the perimeter is ird^ hence the value of

r is ^TT//^ -f- ird — ^d. For a pipe flowing half full it is, simi-

larly, yTT^/" -^ \'^'^ or ^(/, the same as when flowing full, A\Tien

less than half full the cross-section of the stream falls off more

rapidly than the wetted perimeter, so that the value of /' decreases.

Hence we see from e(piation 33 that the velocity also falls off.

For any given form of channel fllled to a given point the value

of /• can readily l)e f)und l)y plotting the cross-section to a large

scale and iiieasuring the area and the wetted perimeter.

K.iKiiiph . AVhat will be the velocity and discharge^ of water

flowing in a concrete channel 4 ft. wide and 3 ft. deep and having

a slope of 1 ft. per 1.000 ft.?

Fipiation 33 must l)e used. We will first get the values of /'

and v. The value of / is etpial, to the cross-section of the stream of

B X -4-

water divided ])y the wetted perimeter = -^ = 1.2 ft.
^ ^ 4 + 3 + 3

The slope 8 — = .001. The value of e is to be obtained

from Table No. 15, ii beins; taken at .013, say, the same as for

brickwork, For?^ = .013 and /• = 1.2 Table No, 15 gives c — 120.

Substituting then in e(piation 33 we have v = 120 X v^l.2 X .001

= 4.10 ft. per sec. The discharge will be 4.16 X 4 X 3 = 49.92

cu. ft. per sec. Ans.

37. Flow Through Ordinary 5ewers. Sewers are usually

constructed of vitrifled earthen pipe or of brick or concrete. For

the former material the value of // in equation 34 is usually taken at

.0L3, and for brick and concrete al>out .015. If the concrete is

smoothly flnished ih may be taken at .013.

The followincrTal)le No. 10 griv^es the velocities and discharges

for circular sewers flowincr full. For sewers flowincr half full the

velocity will be the same and the discharge one-half of the criven

values.
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TABLR NO. 16.

Velocity and Discharge for Pipe Sewers (^n =z .oi3);

Velocity in Feet per Second (T); Discharge in Cubic Feet

Per Second {(^).

(For w = .011 add 20 per cent.)
(For n = .015 subtract 16 per cent.)

Fall of
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TABLE NO. 17.

Velocity and Discharge for Brick and Concrete Sewers (n=^.oi5);

Velocity in Feet per Second (1); Discharge in Cubic Feet

Per Second
( Q) .

(For n
(For n

.013 add 19 per cent.)

.017 .subtract 13 per cent.)

Fall of



52 HYDRAULICS

MEASUREMENT OF THE FLOW OF STREAMS.

38. General Methods. For measuring the flow of a small

stream the best method is by the use of a weir constructed of plank

and built into a temporary dam of earth. Such weirs can readily

be used for streams up to 3 or 4 feet in depth and 40 or 50 feet

wide, although streams normally of such size would have flood

flows many times greater and which could not be so measured.

AVhere a dam already exists in a stream, observations of the flow

over such a dam will give fairly good results when the coefticient

of discharge is carefully selected as noted in Art. 25.

"Where a weir cannot be used, then the flow must be measured

by actually determining the mean velocity of the flow at a given

Fig. 30.

section and the area of such cross-section, then the discharge will

be e(jual to the product of these quantities.

39. Variations in Velocity. Owing to tlie disturbing effect

of the bottom and sides of a channel, the velocity of the water will

not be the same at all points in a given cross-section. In general

the velocity will be greater near the center of a stream tlian near

tlu^ edi'vs, and will be greater where the water is deep than \\hei'e

it is shallow. Thus if Fig. 30rc re])resents the cross-section of a

stream, the velocity of flow along the surface will vary in some

such way as is represented in Fig. />, ])eing greatest near the deep-
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est parts and very small near the l)anks. Likewise if we consider

the velocities alontr the vertical section 2 they will vary somewhat

as slu)wn in Fi^. f, and at section they will l)e as shown in Fitr. '/.

Tn hoth Vi^ii. (f and '-the maximum velocity is shown to he a little

l)elow the surface. This is usually the case, although it depends

somewhat on the effect of the wind.

From these statements it will be seen that there are great vari-

ations in the velocity throughout the cross-section, and therefore the

determination of the average velocity is not readily accomplished.

Instead of trying to get the average velocity through the

entire cross-section, it is usual to divide the section of the stream

into several vertical strips as shown in Fig. a. Then get the aver-

age velocity i»nd discharge of each strip separately. In doing this

a place should be selected where the flow is as uniform and the

channel as regular as ])ossible. In case floats are used to get

velocities, as described later, it is necessary to establish two sec-

tions 100 feet apart or more, between which points the velocities

are measured. In either case careful soundini>s must be taken and

an accurate plot made of the cross-section, and the area of each

division (T,, c?„ etc., determined. The divisions of the section may

be marked by knots or tags on a rope stretched across the channel.

The sections havino; been divided off, it remains to determine the

average velocity in each.

40, Use of the Current Meter. The most accurate method

of flnding the velocity is by means of the current meter, one form

of which is illustrated in Fig. 31.

The essential jiart of the current meter consists in the series

of cups mounted on a wheel with veitical axis shown at the left of

the vertical rod. Tiiis wheel being submerged, is rotated by the

current, and the number of revolutions is recorded by an electrical

device which may be held in a boat or on shore. The long vane

attached to the wheel is to kee[) the meter always parallel with the

curi-ent, A heavy weight is attached to the bottom of the rod to

keep the meter steady, the whole appai'atus being suspended by

means of a rope from a boat or bri<lgi'. The number of revolutions

per minute of the wheel l)eing known, the velocity of the water at

the wheel is calculated by multiplying by a coeflicient determined

by previous experiments with the meter.
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The average velocity for any given strip is determined either

by getting the velocity along the center of the strip at several dif-

ferent depths and taking the average, or by moving the meter

slowly from top to bottom and then back to the top and taking a

sinole reading. Whichever way determined the resulting velocity

multiplied by the area of the strip in (piestion ecjuals the discharge

of that strip. Then the total discharge equals the sum of the dis-

charges of all the strips.

The coefficient to use in calculatinir actual water velocities

LEAD WEIGHT
AND ROD

Fig. 31.

from meter readings is determined by a '•rating''' of the meter.

This rating is done by moving the meter at various known veloci-

ties through still water in a reservoir, ])ond, or canal. Then know-

ing the velocity of the meter through the water and its readings, a

rating curve or ta])le of coefHcients can l)e woi'ked out.

4i. Use of Floats. Very often a meter is not at hand, and

a less accurate method must be enijjloyed. That most often used

is by means of floats. These are of three kinds

—

surface fioata^

G4
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sahsiirpn^a Jjnafs, uiid rod ifoafs. Tho hcst form is the I'od float.

The rod font is a rod of wood, or a tube of tin. which is

weiglitcd at one end so tliat it will float in an uprigiit position and

as near to tlie bottom of the stream as practicable. The Hoat is

then place<l in the stream at the desired j)oint, and far enoiudi up
stream from the uj)per of two measured cross-sections so that it

v.-ill ac(piire the same velocity as the water by the time it reaches

such section. The time of its passage from the upper to the lower

section is then obs(>rved and its v^elocity deduced therefrom. Tn

this way observations are made for each of the vertical strips in

which the stream section is divided. The average velocity of each

strip is taken equal to that of the rod itself.

The .surface float may be made of any convenient form mIucIi

will be readily seen from the point of observation. Its use will

gi\e only the surface velocities of the several strips and not the

desired average velocities. To get the average velocity, we may
use the approximate formula.

Average velocity = .0 X surface velocity (^5)

whence the discharge of the several strips can be calculated as

before. This method is not so accurate as the use of rod floats and

is not to be recommended except for very rough detenu imitions.

It is much influenced by the wind, and observations should, if pos-

sible, be made on still days.

Sometimes a very rough determination is desired from one or

two ineasurements of velocity. If the surface velocity is measured

at a point where it is a maximum (near the center of the stream),

then the average velocity for the entire stream may be taken at

about j"*,,- of the measured velocity, although the exact value of this

coefficient will vary between quite wide limits. The discharge then

equals the total cross-section multiplied by the average velocity.

The i<id}-s>nfaee float consists of a submerged body a little

heavier than water that is attached by means of a fine cord to a sur-

face float of much smaller size. The sub-surface float can be ad-

justed to float at any desired depth. Ijy setting it at mean depth

the observed velocity will be approximately the averao-e velocity of

the vertical strip. The use of such floats is not looked upon Mith

much confldiMice. Kod floats are much better.
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WATER SUPPLY,
TAllT I.

INTRODUCTION.

I. Historical. The earliest method of artificially obtaining

a water supply waa by the digging of wells. '^^Phese were at first mere

shallow cavities scooped out of the ground in low places; but it is

interesting to know that the sinking of tleep wells through rock dates

from a very early period, the Chinese having been familiar with such

work from very early times. Besides wells, other works for water-

su})})ly purposes were constructed by the Ancients, such as reser-

voirs, cisterns, aqueducts, etc.

The greatest development of waterworks construction in ancient

times took place during the prosperous period of the Roman Empire,

some of the finest works having been built at this time. To supply

the chief cities of the empire great aqueducts were constructed,

many miles in length, and there were in some cases several such

a(|ueducts sup})lying a single city. Rome was at one time supplied

from fourteen different acpieducts some of which had a length of

40 miles. The first of these was built about 312 B.C. and the last

about 305 A.D. Some of the other cities which were well supplied

with water at this time were Paris and I^yons in France, ^letz in

Germany, and Segovia and Seville in Spain.

The distribution of water in this age was by no means general.

From the acpieducts the water first passed into large cisterns, and

from these it was distributed through lead })ipes to the fountains,

baths and various public buildings, and to a few private consumers.

The masses of the j)eople were obligefl to get their supply from

public fountains. \Vhil(> the actual amount of water used by private

consumers was not great the liberality of the suj)ply for public pur-

poses was so great that the total consum])tion was in many cases

very high, some estimates making the consumption of water in Rome
as high as 300 gallons per caj)ita daily.

After the fall of Rome the entire subject of water supply was

neglected for many centuries, and as one result, Europe was ravaged

Uopyritjht, vjos, by American, School of Correspondence.
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many times by terrible pestilences, due to polluted water. In some

cases even the purpose for which the ancient acjueducts had been

built was forgotten by the inhabitants.

The development of modern waterworks began in Paris and

London as early as the beginning of the 17th century, but little

progress was made until the application of steam to pumping en-

gines, first made in London in 1761. Since 1800 the development

has been very rapid, both in Europe and America.

The first works in America for the supply of water to towns

were those of Boston, built in 1652. Machinery was first used for

pumping water at Bethlehem, Pennsylvania, where the works

were put into operation in 1754. The first use of the steam

engine was at Philadelphia in 1800, and in New York steam

was applied in 1804. The principal development in this country

has taken place since 1850, about ninety-eight per cent of all

existing works having l^een constructed since that time. Nearly

all towns of 2,000 inhabitants or more now have a public water

supply, and the construction of works is progressing rapidly in

many smaller towns and villages. While there is more work yet

to be done in this direction, the chief work of the future will be

in providing increased supplies for the rapidly growing cities and

towns of this country, in developing new and better sources of

supply and in the improvement of the quality of the existing sup-

plies. There is also much opportunity for the engineer in the

management of w^aterworks, in the direction of reducing cost of

operation, prevention of waste and in the improvement of service in

many other ways.

2. Value and Importance of a Public Water Supply. The

most important use of a public water supply is that of furnishing

a suitable water for domestic purposes. For such use the prime

requisite is that the water should be pure. The transmission of

certain diseases such as cholera and typlioid fever l)y polluted water

is now universally recognized, and the value to a city of a pure supply

when compared to one constantly polluted by sewage can scarcely

be overestimated.

Another highly important function of a water supply is that of

furnishing the necessary flushing water for a sanitary system of

dramage. The most satisfactory and economical method yet found
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for (li.spc)siii(r of tlu" oro;anic wastes of a community is hy tlic water-

carriage system. Such a sewerage system is manifestly of but slight

value to the j)ul)lic at large without the coexistence of a pul)lic water

supply, as otherwise the necessary water for the flushing of closets

—

the most important function of a sewerage system—can l^e afforded

by but few.

Besides furnishing an improved supply from the sanitary stand-

point, a public works may often be made to furnish a water which

for other reasons will be of greatly increased value to the domestic

consumer; such as a soft water in place of a hard well water,—

a

point of very considerable importance to both domestic and com-

mercial users.

A good water supply is also of great value to the manufacturing

interests of a town. ]Many establishments, such as sugar refineries,

starch factories, cleaning and dyeing houses, chemical works, etc.,

require an abundant water supply, and in some cases water of a

high degree of purity. The question of water supply indeed often

determines the location of factories. Large quantities are also used

for operating elevators, for boiler purposes, and for many other

uses that may be classed as commercial.

The most important public use of water supply is in extinguish-

ing fires. The economic value of a good fire-protection system is

directly shown in the reduced rates of insurance which follow its

introduction or improvement. Instead of distributing a heavy

fire loss among the people of a community through high rates of

insurance it is assuredly much better economy to contribute to the

maintenance of a public waterworks, which at the same time pro-

vides a suitable water for other purposes. To permit of the estab-

lishment of a certain class of factories it is absolutely essential that

an efficient fire protection be furnished.

Other important public uses of a water supply are in street

sprinkling and sewer flushing, in furnishing water for public build-

ings, and for drinking and ornamental foimtains. A real value

exists in the improved appearance which may be given a city by the

use of water in fountains and for lawns and public parks; and, indeed,

all the benefits accruing from a good water supply act indirectly

to increase the desirability of a town for many purposes and to

enhance the value of the property therein.
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CONSUnPTION OF WATER.

3. General Considerations. ^Vhen a new or enlarged water

supply is under consideration ons of the first questions to be answered

is that relating to the quantity of water which will be required in

the near future. The knowledge which is required includes not

only the average daily quantity which will be needed, but also the

monthly, daily, and hourly variation in the rate of consumption.

In designing certain parts of the works the average consumption

for the year is sufficient, but in certain other parts, such as pumps

and distributing pipes, we need to know the greatest rate of con-

sumption for a very short period of time.

There are many influences which affect the rate of consumption

per capita of any given town or city. One of these is the actual

population of the town. Thus in large cities the use of the public

supply is almost a necessity, while in small towns and villages the

private sup})lies may remain in use to a large extent long after the

introduction of the public water suj)ply.

The nature of the industries of a town is a large factor in deter-

mining the amount of water used; also the wealth and habits of the

people, and the extent to which water is used for fountains, watering

of lawns, street sprinkling, and other pulilic purposes. Climate

has also a very considerable influ<Mice, esj)ecially as to the amount

used for sprinkling purposes and that which is wasted in winter to

prevent freezing. It is probable, however, that the most Important

factors in determining the consumption is the degree of care taken

to detect leakage or waste, and the fact as to whether the water is

sold by measure or otherwise. (lood fjuality, abundant (juantity,

and high pressure tend to increase ihe <'()iisuui[)tion by encouraging

a more liberal use and often, at tlie same tiuie, greater wastefulness.

4. The Average Daily Consumption Per Capita. In Table

No. 1 are given the rates of consumption per capita for several Ameri-

can cities and towns in 1S95.

It will be noted from Table No. 1 that a great variation (^xists

in the rate of consumj)tion in ditt'erent cities and that the consumj>

tion in some of the cities is vei-y high. For example, it is 271 gallons

in l^udalo, New York, and 247 gallons in Allegheny, IVnusylvania.

It will also be noted from a comparison of Tables No. 1 and 2 that

the consumption is, on the average, much less in European than in
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TABLE I.

Consumption of Water in American Cities and Towns.
,,. l'uliul:iiii)ii. Diiilv CDnsiimiitioii
^"i- \'M). per iiihabitaut. 1895.

New York 3,4:^7,202 100
Cliicago 1 .(i'JS.o?') 139
IMiiladclpliiii 1 ,293,097 162
liiooklyn 89
St. Louis 575,238 9S
lio.ston 560,892 100
Cincinnati 325,902 135
San Francisco 342,782 03
Cleveland .381,708 142
Buffalo 352,3X7 271

New ( )ileans 287,1 04 35
Washington 278,718 200
Montreal : 83
Detroit 285,704 1 52
Milwaukee 285,315 101

Toronto 1 00
MiiHieapolis 20:2,71S 88
Louisville 201,731 97
Rochester 1 02,00S 71

St. Paul 1(;3,0(;5 60
Providence 1 75..")!)7 57
Indianapolis 1 09, \C>\ 74
.-Mlegheny 1 29,,S90 247

Columbus 1 25,.500 127

Worcester 1 18,421 06
Toledo 131,822 70
Lowell 94,909 82
Na.shville ,S0,,S05 139

Fall River 104,.S()3 35
Atlanta 89,S72 42
Memphis 102,195 100

In Table No. 2 are given the rate.s of consumption for .several

European cities.

TABLE 2.

Consumption of Water in European Cities.

Estimated Daily constimption
'^^'-y* population. per capita, gallons.

London 5,700,000 42
Manchester 849,093 40
Liverpool * 790,000 34

Birmingham 080,140 28

Bradford 436,200 31

Leeds 420,000 43

Sheffield 415,000 21

Berlin 1,427,200 18

Breslau 330,000 = 20

Cologne 281,700 34

Dresden 270,500 21

Paris 2,500.000 53

Mar-seilles 400,919 202

Lyons 401 ,930 31

Naples 481,-500 53

Rome 437.419 . 264

Florence 192,000 21

\'enice 1 30,000 11

Zurich 80.000 60
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American cities. Botli of these variations arc due largely lo the

variation in practice in the use of meters to measure the water used

and to charge accordingly. In some American cities meters are quite

generally used, and without exception the consumption of water in

those places is comparatively low. ]\Ieters are also generally used

in European cities with the results as indicated in the table. It is

true, however, that there is a greater general use of water for proper

purposes in this country tlian in foreign countries.

5. Consumption of Water for Different Purposes. In

studying the subject of the consumption of water it is desirable to con-

sider the different uses of water under the following heads: (1)

Domestic use; (2) Commercial use; (3) Public use; (4) I^oss and waste.

(1) Domestic Use. Statistics collected from many sources

where the supply has been actually measured by meter show that the

amount of water used for domestic purposes will vary from about

15 to 40 gallons per capita; usually from 20 to 80 gallons. Where

the supply is not metered, but is paid for according to the number

and kind of fixtures in use, or the number of rooms in the house, the

consumption may be several times the above figures. It has been

known in some cases to go as high as 175 and 200 gallons per capita.

Under these conditions it is difficult to predict what the consumption

will be.

(2) Commercial Use. Under this head are included all uses

for mechanical, trade, and manufacturing purposes. Large users

of water for such purposes are office buildings and stores, hotels,

factories, elevators, railroads, breweries, sugar refineries, and a few

other industries. In large cities the use for commercial purposes is

likely to be more than in small cities. Various statistics show a con-

sumption for these purposes of 10 to 40 gallons per capita. The

nature of the industries will determine very largely tiiis item.

(3) Public Use. This includes the water used for schools and

other public buildings, street sprinkling, water troughs and fountains,

sewer flushing and the flushing of water mains, fire extinguishment,

and a few other occasional uses. Water for such purposes is seldom

measured, l^it the amount is not likely to exceed on the average a

few gallons per capita, although the rate of consumption is far from

being uniform. The water used for street-sprinkling purposes is

likely to be <iiiit(' a large proportion of the total, as much as 10 gal-
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Ions per ciij)!!;! hcin^' used in some places. 'I'lic avcrai^c is, however,

not more than one or two gallons per (•a|)ita. For (ire j)in|)oses the

total ('onsnnij)tion is relatively small, i)nt (hiring fires the rate of eon-

sunijjtion is very liigh for a short time. The total eorisumption for

public purposes may be estimated from 3 to 10 gallons per capita.

(4) Loss of U^afer. The chief cause of waste is bad plumbing

and carelessness on the part of the j)rivate consumer, but this source

of waste has already been mentioned under the first item. There is in

addition considerable waste due to leakage of mains and reservoirs and

minor uses of water, not included imder the foregoing. It is estimated

that at least 15 gallons per capita should be allowed for this item.

From the foregoing analysis it may be concluded that a reason-

able estimate of the consumption of water where meters are largely

used will be about 40 gallons as a minimum and 120 gallons as a

maximum; To or SO galk)ns may be taken as a fair allowance under

average conditions. Where meters are not used extensively the

statistics in Table No. 1 show that 200 gallons per capita would not

be an excessive figure, but it is impossible under such circumstances

to make a very close estimate.

6. Variations in Consumption. The foregoing sections have

discussed only the average consumption tln-oughout the year. There

will now be considered the variations which occur in the consumption

from time to time.

Monthly Variations. In nearly all cases the rate of consumption

reaches a maximimi in the summer owing to the use of water for

street and lawn sprinkling. This high rate usually extends over

two or three months. A secondary maximum often occurs in the

winter, due to the waste of water to prevent freezing, but the use of

meters will largely prevent excessive variations from this cause. Ir

.extreme cases, however, the winter consumption may be very high.

The monthly variations in consumption for several places are illus-

trated by the data given in Table No. 3.

From the table it may be concluded that the maximum monthly

rate will seldom exceed 125 per cent of the average, it being in fact

much below this figure for mo.st places represented. Excessive con-

sumption is likely to continue for two or three consecutive months,

averaging for this longer period a rate of 110 to 115 per cent of the

yearly average.
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Daily Variaiions.—The maximum daily rate is usually estimated

at about 150 per cent of the avera(i;e. In Table No. 3 very consid-

erable differences are to be noted in the latios for different places,

these being caused by a variety of conditions, some accidental and

some constant.

TABLE 3.

naximum Honthly and Daily Ratios Expressed as Percentages

of Average Consumption.

City.

Chicago ....

Pliihuk'lphia

Bo.stoli ....

Ciiicimuiti .

Cleveland . .

Buffalo ....

Detroit . . . .

Milwaukee.

.

(U
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siinipfioii threat. Fi<j:. 1 shows l\j)i(;il curves i-cj)rcs(iitiii^- (he lioiirlv

variation in coMsiiiiiption tliroiifiliout the day. The curve for New
\'ork ilhistrates wiiat occurs in a city where waste is fairly large,

while that for Des Moines represents a case where consumption

is small and the waste larf^ely prevented. The average daily con-

sumption per capita for New^ York was 100 gallons and for Des

Moines 43 (gallons.

'? I 4 6 a /o /? r 4 6 8 /O /?

AM PM
Fig. 1. Typical Curves Showing Hourly Variations of Water Consumption.

Consumptioti for Larcje Fires. The consumption for large fires

must he considered in addition to the rates given above, The maxi-

mum rate of fire consumption in gallons per capita per day for a town

looo'
or citv of average character may he taken ecpial to

, where x —

poj)ulation in thousands. This is based on ^Ir. Kuichling's estimate

of the ref|uired miml)er of fire streams.

If, for example, the average consumption is 100 gallons per

capita, then tne fire rate in per cent of the average will be as follows

for tlifferent size cities:

Rate of fire consumption
in percentage of aver-

Populatioii. age, when average
equals 100 gallons

per day.

1,000 1000 per cent.

.^.OOO 447
10.000 31(3

.50.000 141
100,000 100
200,000 71

"

300.000 .58

.500,000 ; 4.5

For other values of the daily consumption the percentages would

vary accordingly, being greater for smaller consumptions. In the case

of small cities the fire rate is evidently the principal factor to be con-

sidered; in large cities it is of much less relative importance. The
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(lunition of the above rate of fire consumption may be several hours;

it has l>een estimated by Freeman at about six hours as a maximum.

The Conihiiird Maxlinion Ilourhj Rate. In obtaining the total

maximum rate of consumption at times of fires it is not necessary

to assume that a great fire will occur coincident with the maximum

use for other purposes. In fact, at times of great fires the use of

water for many purposes would be interrupted. For average condi-

tions the following may be taken as a reasonable allowance:

If the average daily rate is 100 per cent, then the maximum daily

rate equals 150 per cent, and adding 20 per cent for increased con-

sum})tion during tlay gives a total of ISO per cent. To this the fire

consumption should )je added by the use of the formula of the pre-

ceding paragraph.

Example. If the average daily consumption of a city of 20,000

inhabitants equals SO gallons per capita, what will be the approxi-

mate maximum rate of consumption (a) for the day of greatest con-

sumption, and (b), at the occurrence of a large fire?

From the foregoing discussion the maximum daily consumption

may be estimated at SO X 150 per cent = 120 gallons per capita.

From the above estimate the rate for ordinary use may be taken

at ISO per cent of SO gallons or SO X ISO = 144 gallons. The fire

1000
. ., .

rate = = 224 gallons per capita, llie tc^tal rate is therefore
1 20 ^ ^

*

144 + 224 — 368 gallons per capita per 24 hours.

7. Growth of Cities. A necessary factor in any estimate of

future consumption is that of future population. The rate of growth

of different cities is exceedingly various, but of any one city it is likely

to be fairly constant for several years, or at least will vary but slowly.

The older and the larger the city the more uniform the rate of growth,

and, barring national disasters, a fairly close estimate can be made

for two or three decades in the future.

Probably the best way to estimate the population of a city for sev-

eral years in the future is to take as a basis its growth in past years. If

c-onditions do not change the per cent added each year or decade is ajit

to I'cmain about the same. No one can j)re<lict closely the growth of

a city, and in water-su])j)ly j)r()blems a close estimate is unnecessary.

E.rample. If the population of a city be 5,250 in ISSO, 7,070 in

1890 and 11,400 in 1000, estimate the population in 1010.
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The «rr()\vtli from ISSO to ISOO was 2,420; ociual to 40 per cfiit,

and from iSOO to I *.)()() it was '.i,7'A(), equal to about 40 per cent of tlie

j)opulation in INOO. Tliese figures show a steady growth, and it

may be assumed that for the next decade the growth will be about the

same, say 4S per cent. Then, 4<S per cent of 11,400 = 5,472, and

the estimated j)opulation in 1010 = 11,400 - 5,472 = ir),S72.

The population for 1020 may be estimated in the same way, but

the result will be umcli more unrei'tain than for 1010.

SOURCES OF SUPPLY.

8. Classification. The sources of water supply may be

divided into the following classes, according to the getieral source and

the method of collection:

A. Surface waters:

1. Rain water collected from roofs, etc.

2. Water from rivers.

3. Water from natural lakes.

4. Water collected in impounding reservoirs.

B. (jround waters:

5. Water from springs.

0. Water from shallow wells.

7. Water from deep and artesian wells,

S. Water from horizontal galleries.

Each of the above sources except the first and last is at present furnish-

ing many cities in theUnited States with a more or less satisfactory water.

The following table gives the number of waterworks in 1S9G

obtaining their supply from the various sources indicated.

Region.
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of rainfall is t'X])n'.ssc'(l in inches of (l('])(li uj)oii a lioi'izontal surface,

snowfall hv'iu^r reduced to its ecjuivalent amount of rainfall. With

the ordinary rain gauge it is impracticable to determine rates of

rainfall for short periods of time, the records usually obtained from

these gauges being merely the total amounts of rainfall for each

twenty-four hours. For estimating flood volumes from small areas,

however, it is important to know the rate of rainfall for much shorter

periods than one day. For this purpose self-recording gauges are

essential, that is, gauges which give a continuous record of the rainfall

or a record taken at such short intervals as to be for all practical pur-

poses continuous. Various forms have been devised, some weighing

the water, others recording by volume.

Rainfall statistics for a large number of stations can now be

readily ol)tained from the monthly reports of the Weather Bureau.

The data of importance in connection with water-supply questions

are the mean yearly rainfall, the deviation from this in dry years, the

monthly rainfall, and finally the maximum depth of rain falling in a

single day or less.

ID. Mean Annual Rainfall. The mean annual rainfall for

a nuinl)er of stations in the United States is shown in Table No. 4.

The table also gives the ratio of the rainfall in the driest year, covered

by the statistics, to the average.

The maximum rainfall is along a narrow belt of the North

Pacific coast, where it considerably exceeds GO inches. Tow'ards the

interior the amount rapidly falls off, and between the Sierras and the

Rocky Mountains it ranges from o to 15 inches. East of the Rockies

there is a gradual increase eastward and southward to a maximum

along the (iulf of 60 inches, and from 40 to 50 inches on the Atlantic

coast. The table also shows that in the driest years the rainfall is in

most places only 50 to GO per cent of the average. In the central and

^Yestern States the variation is greater than in the Eastern States.

The monthly distribution of the rainfall is of great importance

in all questions relating to the utilization of water for power purposes

or for the supply of cities. The rain falling in the summer months,

when vegetation is using a maximum of water and evaporation is

rapid, is of but little value for supplying water to the streams. It is

the winter and spring rains which nnist largely be relied upon to fill

reservoirs and to raise the low ground water to its normal level.
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TABLE 4.

General Rainfall Statistics for the United States.

Me,an yearly Per cent rainfall,
Station. rainfall, driest year to

Inches. mean rainfall.

Boston 4.5 .

4

00
Now York 44.7 iV2

Phihidclpliki 42.3 70
( "harlcston 49.1 '.

IS
Jack.sonvillc .54 .

1

74
Shreveport 4S . 2 67
Mobile 62.6 .; OS
New ()rlean.s 60 .

3

64
Yioksburg .52 .

7

70
Louisville 47.2 74
Cairo 42.6 62
Cincinnati 42.1 60
Cleveland 36 .

6

71
Marquette 32 .

3

69
•

Chicago 34 .0 66
Milwaukee 31.0 66
St. Louis 40.8 5.5

8t. Paul 2S . 2 ,53

Duluth 30 .

7

6.5

Omaha 31 .4 .57

North Platte IS . 1 .56

Denver 14.3 59
Salt Lake City 1 s . s ,55

Spokane 1 S . (j 73
Santa Fe 14.6 .V 53
Yuma 2.8 25
San Diego 9.7 30
Los Angeles 17.2 33
San Francisco

. 23 .

4

51
Portland 46 .

2

67

11. riaximum Rates of Rainfall. In estimating tlie niaxi-

innm flo(xl discharges of small streams—a matter of very great im-

portance in the design of dams and reservoir embankments—it is

desirable to know the maximum rates of rainfall for periods of a few

hours or a single day. Great rainstorms occur but rarely, but in

hydraulic works where a failure would mean not only the destruc-

tion of property but often a great loss of life, it is necessary to pro-

vide against the greatest flood ever likely to occur. Accurate data

of such floods must i)e based on many years of observation, l)ut

extraordinary rainfalls are likely to occur almost anywhere, and it

may be assumed that what has happened in one locality may hap-

pen at any place in the same region. Examination of the data con-

tained in the United States Weather Bureau Reports shows that in

the Northern and Central States a rainfall at the rate of 4 inches for
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one hour and S inches for 24 hours represents the greatest rain hkely

to occiu-; in the South Atlantic and Gulf States these figures should

be about 4 inches for one hour and 10 inches for 24 hours.

That excessive rainfalls are of sufficient extent to cover areas of

such size as are ordinarily considered in water-sup})ly problems is

shown by the statistics of great storms. In October, 1SG9, a great

storm occurred in the eastern part of tlie United States, with its maxi-

mum intensity in Connecticut. A careful analysis of the records

made by Mr. James B. Francis shows the areas covered by different

depths of rain to have been as follows

:

Depth of rain. Area covered.

inclics f)r more 2},431 squjire miles.

7 " " " !),()()2 " "

S .
" " " l.NLM " "

<) " " " 1,0 Hi " "

10 " " " T)!!) "

11 •' " " 170 "

The following arc sonic of the niaximuni rates observed in this

storm

:

I .00 inclics ill ?. lidUis.

4.27 "
:{

.5..S(»
"

IN.")
"

^ 7.15 " 24 "

8.90 " 30 "

8.44 " 42 "

FLOW OF STREAMS.

12. When a stream is under consideration as a soin*ce of water

supply, the peculiarities of its flow—the mininnun, maximum, and

total flow for various periods of time—are among the first things to

be determined. The most accurate as well as the most direct method

of determining these is by means of a series of gaugings extencHng

over several years, but, where gaugings are not to be liad, or where

they are very limited in extent, as close an estimate as possible nnist

be made from a comparison with other streams who.se flows are

known, taking into account as far as may be the differences in rainfall,

climate, and in the various characteristics of the different watersluHls.*

Rainfall is ('Xj)rcssc(l in inches in depth, and the rate in inches

per hour or per Iwcniy-four hours; and for c()ni])arative ])nrposes

.stream How is oftcMi likewise expressed, meaning theivby inches in

dej)th over llic entire watershed. For other purposes tlic (low is

usually expre.s.sed in cubic feet, or cubic feet per s(|uare mile of water-
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slicd, and the I'atr of flow in ful)ic ffct per sefoiid, or cuhic h'vt per

second per .s(jiiari' mile. 'i1ie foot and second nnits are also con-

venient to nse in all liydranlic forimdas, but in matters pertainin<; to

storage and distrihution the <^'allon unit is in conniuju use, and rates

are expressed in gallons per minute and <;allons jht twenty-four

hours.

For convenience in computations relative to rainfall and flow of

streams, the followin<i; table is inserted

:

TABLE 5.

Volumes and Rates of Flow in Feet and Seconds Corresponding

to Given Volumes and Rates of Rainfall in Inches and Hours.

One inch of rain = 2,323,200 fu. ft. per s(i. niik-.

Ono inch per Imur = 045.33 cu. ft. jxt sec. per s({. mile.

One inch per 24 hours = 2fi.S0 cu. ft. per .sec. per scj. mile.

One cubic foot = 7.480.") U. S. gallons.

One cubic footjjer sec. = (MO,300 gallons ])er (la\'.

The (jue.stion of the flow of streams natnrally divides itself into

three parts:

First, the mininuun flow of the stream.

Second, the maximum or flood flow.

Third, variations in the flow through successive months and

years.

The first information is neces.sary in case a stream is under con-

sideration for which hut little storage is ohtainahle, or in answer to

the (juestion whether it is practicable to di-aw directly from the stream

without storage. 'I'he second is of gri-at importance in the tlesign

and execution of all river work, and especially in determining the

size of waste weirs. The third determines the supplying capacity

of the watershed and the size of impounding reservoirs.
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EXAMPLES FOR PRACTICE.

1. If ji rain is falling- at the rate of \ inch per hour, how many

cu. ft. per see. will this amount to over an area of 10 stp mi. ? 3,220

eu. ft. per see. Ans.

2. If 1 inch of water is collected from an aiea of 20 scp mi.,

how many clays will this supply a town of 15,000 inhabitants using

100 gallons per capita daily?

The total amount of water collected = 2,323,200 X 20 = 4G,-

404,000 cu. ft.=^ 347,500,000 gal. This will last 231 days. Ans.

13. The Dry=Weather Flow. The dry-weather flow of

streams is maintained entirely from ground and surface storage; and

as facilities for such storage vary in different watersheds, so will the

mininnuii flow vary.

In Tal)le No. are given the minimum flows of several streams

in (litferent localities. It will l>e seen that the mininuun varies greatly

with the size of the stream and locality, and that streams of several

hundred s(}uare miles of drainage area may have n minimum of

zero.

TABLE 6.

Minimum and flaximum Flow of Streams.

— —
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14. Flood Flow. 'i'lio ninximuni mte at which the wiitcr.s

from great stornis will j)a.ss down a .stream is att'eeted larf^ely hy the

steepness of the sIojk's, hy the size and shape of the (h-aina<,'e area,

and hv the (hstrihntion of the branches. Small areas will have lar<'er

maximum rates of flow than lar<j;e areas, other things heing e(jual, as

the former are affected hy short rainfalls of high rates, while in the

latter ease the maxinnnn Hows are caused hy rains of longer duration

hut of less intensity. For a like reason streams with steep slopes will

have a higher maxinnnn i-ate than those with flat slopes.

Of great importance in distributing the run-off over a long inter-

val of time, and so reducing tlie maximnm rate, is the surface storage

of natural lakes and ponds and of tljose created by the inundation of

large flats bordering the stream. The effect of this last factor may
be sufficient to reduce the flood flow to one-half or one-fourth that of

a stream with a narrow valley.

In Tal)le No. (> great variation in the maximum How is observ-

able, due partly to the varying rates of rainfall, but largely to the

different characteristics of the streams. Various formulas have been

proposed for expressing the maximum flow of a stream, some involv-

ing only the rainfall and area, while others attempt to take account

also of the slope and shape of the watershed.

Among the most Avidely known of this class of formulas is that

given Ijy Fanning and recommended by him as applicable to average

New England and ]\IiddIe-State basins. It is

V

in which Q = discharge in cubic feet per second per square mile and

M = area in scjuare miles. It gives results probably somewhat too

low for small areas.

Example. What will l)e the flood flov/ according to formula

1 for a drainage area of 10 square miles ?

V

200

10
The flow will c(|ual ..-^~ — 130 cu. ft. per sec. per s(|. mi.
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TABLE 7.

Statistics of the Yearly Flow of Streams.

Stream.

Cochituate
Cro jon

Genesee
Perkionien
Potdinac
Savannah
I'pper Mississippi . .

Area drained,
square miles.

IS. 87
;?;?,s .

1 ,()()()

152
11,043
7,294
3,265

Average yearly flow.

Rain,
inches.

47.08
48 . 38
39.82
47 . 98
45.47
45.41
26.57

Flow, per
cent of

rainfall.

43.2
50.8
32 .

5

49.2
52.7
48.9
18.4

Dry year flow.

Rain,
inches.

31.20
38 . 52
31.00
38 . 67
37 . 03
43.10
22.86

Flow, per
cent of

i-ainfall.

31.3
37.8
21.5
40.4
39 .

2

37.7
7.1

15. Annual Discharge. Table 7 gives some stati.stics of

the annual flow of streams as cgmpared to rainfall. It will he seen

that in the dry years the pereentaoe runnino; off is much less than in

the average year. From these data and other statisties it is estimated

that for a stream of average conditions east of the Missouri and

j\Iississi})}M Rivers the j)ereentage of rainfall flowing off for different

annual rainfalls is ahout as follows:

Rainfall, inehcs.

20
30
40
50

Per cciil ninniuf^ olF.

25 to 35
30 to 40
35 t() 45
40 to 50

In the nature of the j)rol)lem there is a wide variation in per-

centage due to variations in the coiKhtions of the watershed, climate,

etc. Whatever tends to promote evaporation from the watershed

decrea.ses the run-off. Thus a watershed with *i large percentage in

grass will yield a less amount than one with rocky and barren hill-

sides; one with a large j)ercentage of water surface, less than one with

a small j)ercentage. Again, the higher the temperature the greater

the evaporation and the less the strea'm flow. Steep, rocky hillsides

will give a large per cent of the lainfall to the streams, but the flow

will be very irregular; flat grass lands will give little or nothing to

the streams during the season of growth. All these things mu.st be

considered in estimating the flow of a stream from rainfall data and

from statistics of th" (low of other streams.

Ex(t III pics. Estimate the Mow of a stream during dry years

where die average animal rainfall is known to be 40 inches.

The rainfall for a very dry year may be taken from Table No.

4 at say (10 j)er cent of the average or 40 X .00 — 24 in. For a ram-
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fall of this amount the per cent runnin^f oil' will prohaUly Im- Ix'twcrii

2.') and 'A'). If this is an average watershed we may put it at about

02 per cent. Tlie run-off will then l)e estimated at 24 X .32 = 7.7

inches.

Note. The wide variation in })ercenta<;e indicates that such

estimates as this are very uncertain. Actual stream measurements

are the only siife guide.

2. How much water can probably be collected in a dry year

from an average watershed where the rainfall in very dry years is

30 inches?

By the estimates of section 15 it 's probable that at least 33 per

cent will run off or can be caught in a reservoir. This amounts to

30 X .33 = 9.9 inches.

liy Table No. 5 this amounts in gallons per s(j. mi. to 0.9 X
2,323,200 X 7.48 = 172,000,000 gallons.

16. rionthly Variation in Stream Flow. During dry years

very little water can be collected from sunnner rains. l)e})en(lence

must be had on winter snows and spring rains for filling storage

reservoirs and nearly all the yearly sup})ly will be caught in th.e months

from December to May inclusive. During average seasons a large

proportion of the stream flow occurs in the sunnner months. Gener-

ally about three-fourths of the yearly flow occiu's in the months from

December to May and only one-fourth from June to November,

whereas in very dry years the summer flow may be considered as

practically nothing.

17. Quality of Surface Waters. Surface w'ater supplies

are drawn from two general soin-ces—rivers and lakes. River sup-

plies may be divided into those obtained directly from large rivers and

those obtained from impounding the flow of small streams in reser-

voirs. The (piality of surface waters may be considered with refer-

ence to: (1) appearance, (2) mineral content, (3) the presence of

disease-producing organisms.

(1) The appearance of a water is affected by the presence of

clay and sand in suspension, rendering the water turbid, and by cer-

tain vegetable material giving the water a distinct color. Turbidity

varies according to the nature of a watershed. While a turbid water

is very objectionable for household use it cannot be said to l)e actually

dangerous. Turbidity is removed by allowing the water to rest in
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reservoirs, tliiis permitting the day to settle, or by j)as8ing the water

through filters. Surface waters flowing through swampy regions

are usually colored, clue mainly to the extraction of soluble coloring

matter from vegetable material. Such peaty waters, while perhaps

unsightly in appearance, may be, however, perfectly wholesome in

spite of this physical defect.

(2) While flowing surface Avaters do not dissolve so .nnich

mineral matter as ground waters, yet they take up an apprecialjle

amount, depending considerably on the character of the soil over

which they pass. A large part of the mineral content is usually car-

bonate of lime. In general surface waters are preferable to ground

waters as regards their mineral content, a hard water (one containing

lime) being less desirable for culinary and manufacturing purposes.

(3) The most important question relating to the quality of

a water is whether it is dangerous to the health. It has been Avell

demonstrated that certain diseases, particularly cholera and typhoid,

are caused by certain minute organisms called bacteria. These

inhabit the intestinal tract of persons sick with the disease and are

present in enormous numbers in the sewage wherever these diseases

exist. Whenever such sewage or drainage gets into the water suj)ply

of any town an outbreak of the same epidemic is sure to appear.

Many cases are on record of whole villages being affected through

the contamination of the water supply by a single diseased person.

From such facts it is seen that the quality of a water supply from

this point of view is exceedingly important.

A surface water supply can be absolutely safe only when it is

drawn from an uninhabited area. A few scattered farm houses, if

not located too near a water course, are not likely to cause serious

pollution. But where the watershed is cpiite populous, and espe-

cially where villages are located in the valleys, the danger of the trans-

mission of disease through the water supply is very great.

The clanger in the use of water from a large stream depends on

the amount and nearness of the pollution. All large streams receive

more or less drainage from towns and cities, but if such ]K)llution is

relatively small and remote the danger is small. As a rule a surface

water supply is not free from danger unless the water is artificially

purified by some adequate means, but many large cities in the United

States continue to use water supplies which are badly contaminated.
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The result of such use is shown in (he relatively hi^li ' death rate

from ty[)hoi(l fever in such phiees.

'J'he ([iiaHty of hike supplies is likely to be better than that of

rivers. Such water is usually (juite free from turbidity, as the sedi-

ment l)rout^ht into it by the tributary streams soon settles; and uidess

polluted by sewage in the immediate neighborhood, it is likely to be

relatively safe from a sanitary point of view. Experiments show

that in the settling of the clay and sand particles, the bacteria settle

to a great extent, and a marked purification takes place in a polluted

water. For the same reason that lake water is l)etter than river

water, it is true that a supply from a small stream is usually improved

i)V storage in a large storage reservoir. Sometimes, however, vej^eta-

ble growths occur in reservoirs which give to the water a disagreeable

odor.

GROUND WATER SUPPLIES.

18. Occurrence of Ground Water. The rain which falls

upon the ground is disposed of in three ways: A part flows off im-

mediately in the streams, a part is evaporated from the ground and

vegetation, and a part percolates into the soil.

Percolating water that escapes beyond the reach of vegetation

must, in obedience to the law of gravitation, pass on downward until

it reaches an impervious layer of some sort. The immediate imper-

vious stratum is the surface of the water which has preceded it and

which has in past ages filled every pore and crevice of the earth's

crust up to a certain level at which the escape of the water laterally

becomes equal to the adtlition from percolation. The accumulation

of w'ater w'hich thus exists in the ground is called ground water, and

its sin-face the cjronnd-icater level or the water table.

In limestone regions it is sometimes the case that (juite large

streams are found flowing underground, and large cavernous spaces

may be converted into underground lakes of considerable size, as in

the great caverns of Indiana and Kentucky. Such bodies of water

are, however, rarely available for a water supply, and it may be taken

as a safe rule for ground-water supplies dependence must be placed

upon the water which percolates into and flows through the pore-

spaces in soils and rocks, the amount of which is strictly dependent

upon the rainfall and the laws of hydraulics that govern the flow.
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19. General Form of the Water Table. I'lider the action

of gravity tlie .surface of the ground water always tends to become a

level surface, and as long as a supply is maintained through percola-

tion there will be a continual downward and lateral flow which will

on the average be equal to the percolation. In surface streams a

very light inclination is sufficient to cause a rapid movement of

water, but in the ground the resistance to movement is so great that

a steep gradient is necessary to maintain even a very low velocity.

If we imagine the ground to be throughout of uniform porosity,

the ground-water surface will conform in general outline to the ground

surface, but with less variations. Such an ideal condition is repre-

sented in ¥'](!. 2. At the marjjin of streams as at A and B the level

Fig. 2. Relatiou of GroTind Water to Surface Water.

of ground and surface waters will coincide. Pa.ssing back from the

stream the ground-water level will gradually rise, but at a less rate

tlian the groimd surface, then descend again into another depression,

etc. In the valley there is also a fall parallel to the stream, correspond-

ing to that of the surface water, and the direction of flow will be to-

wards and slightly down the stream in the line of greatest slope.

Variations in ground-w^ater level take place comparatively

slowly, following gradually the variations in yearly, seasonal, and

briefer periods of rainfall. Near streams and in lowlands the level

varies little, l)eing fixed largely by the level of the adjacent surface

water. At higher points in the water table the level is suliject to

correspondingly great fluctuations, often many feet in extent. In

^
porous material where slopes are small the variations are small.

20. Porosity of Soils. All .soils and rocks near the surface

of the earth are caj)al)]e of ab.sorbing more or less water. In .sand of

a fai"\y uniform size the porous .space is commonly from 35 to 41)

])e'- cent of the entire volume. Mixed sand and gravel will have a

smaller percentage of voids, the decrea.se de})en(ling on the variation

in size of particles, but it will .seldom be less than 25 pei- cent. Rocks
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will vary in porosity from a very .small I'ractioii of 1 j)cr ceiit in the

case of some granites to 25 or even 30 per cent for some hjose tex-

tured sandstones.

The amount of moisture which a soil or rock will absorb is, how-

ever, not of so much importance to the water-works engineer as is the

carrying capacity and the amount which can readily be drawn from

sucli material when previously saturated. In fine soils the movement

of the water is so slow and such a large part of the water is retained

by cajiillary action that such soils are of Httle value as carriers of

water; and to obtain economically the large quantities required for

public supplies it is necessary that the water-bearing material be of a

very open, porous character. Adequate supplies are rarely obtained

from anything but sand and gravel deposits, or from very porous

rock. The most favorable formations for furnishing large quantities

of water, are the various sandstones, conglomerates, and gravel

deposits. Sandstones are found which vary in texture from a very

compact rock having a very small degree of porosity to a material

almost as porous as sand. Uncemented sands and gravels are of

course the most favorable as regards porosity, but they are apt to be

rather limited in extent.

21. The Flow of Ground Water. It has been explained in

the previous section that the water in the ground has in general a slow-

rate of flow through the ground. Where a supply of ground water

of considerable amount is to be obtained this rate of flow is of much

importance. To get water from a ground-water " stream " is exactly

similar to the taking of water from a surface stream; in both cases

the flow of water in the stream must be at least equal to the proposed

draught or the supply will be inadequate. The notion is quite com-

mon that in many places the water in the ground is inexhaustible.

This is an entirely mistaken idea as is well illustrated by the gradual

failure of many ground-w-ater supplies.

Ground water in large quantities is usually obtained either from

large gravel deposits of comparatively small depth, forming broad

underground streams, or from extensive deposits of porous rock like

sandstone, the latter source being tapped by deep wells many of

which are the well known " artesian " wells. In the case of a gravel

de})osIt near the surface it is often possible to estimate the quantity of

water actually flowing through a given section of the deposit.
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The best method of e.stimatiiig capac-ity of a ground-water source

is hy means of actual })umping tests carried on for a sufficient length

of time to bring about an approximate state of ecjuilrbrium between

the supply and the demand which will be shown when the level of the

water in the trial well ceases to lower. It will rarely be practicable

to continue such tests until perfect equilibrium is reached, for in

many cases several years of operation would be required to deter-

mine the ultimate capacity of a source. Pumping tests of short

duration are apt to be very deceptive, as the ground water may exist

in the form of a large basin or reservoir with very little movement,

corresj)onding to a surface pond with small watershed, and brief

tests would give but little more information than similar tests on a

pond.

Where it can be done it is very desirable to get an approximate

idea of the amount of water actually flowing per imit of time through

the area in question.

To do this we must estimate the velocity of flow, the cross-sec-

tion of the porous stratum containing the water, and the percentage

of porous space.

The rate of flow of ground w^ater streams is very small compared

to that of surface streams. It depends on the slope or inclination

of the ground and upon the size of the grains of sand or gravel through

wiiich it passes. The following table shows about what the veloci-

ties are likely to be for various slopes and conditions of soil.

TABLE 8.

Velocities of Flow of Ground Water in Feet Per Day.

Material.



NEW CROTON DAM UNDER CONSTRUCTION
Largest masonry dam in the world, part of the waterworks system of New York City. Took

14 years to build, requiring about 8.50,01)0 ou. yds. of masonry. Completed in 1906. C >st, $7,700,000.

Length, 2,400 feet; height, 301 feet: thickness, 216 feet at base, tapering to ten feet at top of spillway
(at left) and 21 feet at top of main dam. Capacity, 30,000,000,000 gals., and with auxiliary dams^
100,000,000,000 gals. Water at dam, 160 feet deep, the impounded river forming a lake 20 miles Ioqjj
and 2 miles in extreme width, burying under 30 feet of water the old dam 3 miles upstream.
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water, tlicrcfore, wliicli will pass tlirough a given section will he only

25 or 30 per cent of the anionnt were it solid water. If i; = velocity

of flow in feet })er day, A = area of cross-section of the porous hed

at right angles to the direction of flow, then assuming a porosity of

25 per cent or |th, tlie actual volume of flow per day will he in cubic

feet

Q = 1^A (2)

Thus suppose we have a porous hed of coarse sand in which'

the water is 10 feet deep, the hed is 500 feet wide and slopes 20 feet

per mile. The velocity of flow hy Table 8 may be taken at about

8 feet per day. The cross-section A = 10 X 500 = 5,000 square

feet. Hence the volume of flow will be approximately j X 8 X
5,000 = 10,000 cubic feet per day, or about 75,000 gallons. This

being the total rate of flow through the sand it is evidently the greatest

amount of water that could be extracted from this sand deposit by

means of any system of wells or other devices. To give the above

results the l)ed nuist be of considerable length and the water in it

must be about tlie same depth throughout and have the same slope

as the surface.

SPRINGS.

22. Formation of Springs. Springs are formed where, for

any reason, the ground water is caused to overflow upon the surface.

The conditions causing their formation are varied and should be

carefully studied in connection with the design of collecting-works,

as upon them depend largely such questions as the constancy of flow,

the possibility of increasing the yield by suitable works, and the

probable success of a search for additional springs. According to

differences in these conditions springs may be divided into three

general classes, each of which will be discussed separately.

Firsi Class. The most imj^ortant class of springs is that in

which the water, in its lateral movement, is brought to the surface

at the outcrop of a j)orous stratum where it is underlain by a rela-

tively impervious one. Fig. 3 represents such conditions, the ground

water escaping at the outcrop of the impervious material thus forming

a spring. The porous stratum may be sand or gravel, or a porous

rock; while the impervious layer is usually clay, or rock of an argil-

laceous character.
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Tlicn' arc manv cases of large springs of tliis class, the supplies

for sonic of the laigcst cities of Europe heing obtained from such

sources. The city of \'icnna is supplied from springs 00 miles distant

that occur at the outcrop of a fractured dolomitic limeston(> underlaid

hy slate. The largest sj)ring, the Kaiscrbruiuien, has an average

flow of al)Out ]50 gallons per second, varying from GO to about 2o0.

Second Class. Under this class are considered those springs

where the water-bearing stratum is covered to a greater or less extent

by an impervious one, and which are therefore more or less artesian

in character. In this case the water finds its way to the surface

Fig. 3. Formation of Springs.

"where the overlying impervious material is liroken, or through a

fault, or it breaks through at places where it is not sufficiently strong

or compact to resist the upward ])ressure.

In' some cases" springs of this character are fed by water com-

ing long distances through extensive formations which at other

points offer conditions favorable for artesian wells. Conditions of

this sort give ri.se to the peculiar phenomenon of large fresh water

springs which ])oil up in the ocean several miles out from the Florida

coa.st, and it is supj)o,se(l that the great springs in northern Florida

are from a similar cau.se.

Third Class. The third class of sj)rings are mjcre overflows

of the ground water, and occur whenever the carrying capacity of

the porous material is insufficient to convey the entire tributary

flow. Such conditions also give ri.se to marshy places at the foot

of hills and even on side hills.
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23. The Yield of Springs. TIic yield of any jmrticiihir

spring can rcatlily he (Ictcnniiu'd hy weir incasiircnicnts, and if these

are carried out tlirout)]! a period of drought they wJH oivc all needed

information re<;ardin<;- the snpplying capacity of the exi.stin<^ spring.

Springs of the first class will vary in yield with the variations

in ground-water level and, therefore, will vary with the rainfall,

hut will not wholly cease to flow if the water is intercepted by suitable

constructions.

Springs of the second class are apt to he much less affected hy

variations in rainfall than either the first or the third class.

AYhere a spring of this class exists, investigation may show that

the ground-water stream from which it is fed is of considerable size

and that the water of the spring is but a small portion of the entire

flow. In such a case the yield may be increased by simply enlarging

the opening, or by sinking wells and pumping therefrom, as in the

case of an ordinary ground-water supply.

Springs of the third class are lial)le to very great fluctuations,

the flow often ceasing entirely.

ARTESIAN WATER.
24. General Conditions. Whenever a w'ater-bearins: stra-

timi <lips below a relatively impervious one the former becomes in

a sense a clo.sed conduit or pipe, and if the flow out of this conduit

at the lower end be impeded from any cause, the water will accu-

mulate and exert more or less pressure against the impervious cover

The amount of this pressure will depend on the extent to which the

flow is obstructed and on the elevation of the upper end of the conduit,

that is, of the outcrop of the porous stratum. If a well be sunk

through this impervious stratum at any point, the water will rise

in it in accordance with the pressure; and if the siu'face topography

and pressure are favorable, the w^ater may ri.se to the surface, or con-

siderably alM)ve, in which case the well becomes a true artesian, or

flowing, well.

Fiji'. 4 shows an ideal condition for artesian or flowino; wells.

If A B is a porous stratiun outcropping at A and B and covered by

an impervious stratum of clay or impervious rock, water entering

at A could escape at the lower end B, but at intermediate points

would exert a pressure on the covering. If the resistance to flow
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were uniform, and no water could escape except at B, the decrease

of liead from A to B would be uniform, or in other words the hydraulic

<;rade line would he a straight line A B. Water would rise to this

line in a tuhe sunk to the porous Stratum, and a flowing well would

he possible wherever the surface of the ground lies below this line.

Actual conditions may be much modified from those represented

in Fig. 4, as where the water is prevented from flowing out at B by

reason of an increased density of the stratum or by the stratum

becoming thinner. 'Phe effect in causing the water to exert an

Fig. 4. Dip in Wiiler-Hearing Stratum.

upward pressure is, however, the same. 'Phe water-bearing stratum

is most often a porous sandstone, although artesian water is also

obtained from limestone and in many j)laces from extensive strata

of loose uncemented material.

The overlying impervious strata usually consist of clays and

shales, these being practically impervious except where fiss.urecl.

Probably some leakage always takes place through such strata; and

many instances are known of large springs which occur at points

where the overlying stratum is broken as noted in the preceding

section. Except in the case of very limited areas, the capacity of

an artesian source as a whole is a (|uestIon of little im])ortance where

it is to be used only for water-su])j)ly purposes in towns widely .sepa-

rated; for the total amount of water caj)able of being drawn from

porous rock .strata, often hundreds of feet thick and having an out-

crop of hun'dreds or thousands of square miles, is ordinarily very

great as compared to any possible demands for such purj)o.ses. But

W(Hs sunk to taj) an artesian stratum must not be placed too close

together (>l.se they will interfere with one another and the yield per

well will be reduced.

25. Predictions Concerning Artesian Wells. 'Vhv (piestion

of the exi.stence of water-bearing strata at any point, their char-

acter and depth, and the location of outcrops, is a geological one;
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iiiid where full infonnatioii on this point has not been gained hv the

siiikin<]^ of wells or hy horin^'s, ji geologist familiar with the re^n'ori

in (|uestion should he consulted. Much money has often been wasted

in fruitless attempts to obtain water in ureas and at depths where

none could be expected, and frc(iucntly such work has been carried

on contrary to the advice of experts.

In the construction of wells it is inij)ortant to preserve samples

of tlie borings, as it is largely through these that a knowledge of the

geology of the region is ac(juired. Chemical analyses of the water

arc also a valuable aid in identifying strata.

QUALITY OF GROUND WATER SUPPLIES.

26. Tile (|uality of ground waters is, in general, ([uite diilVrent

from that of surface waters. By ])ercolating througii the groimd,

practically all suspended matter is filtered out, and grountl waters

ar<* usually clear and sj)arkliug. At the same time this very filtra-

tion ])rocess causes the water to dissolve more of mineral substances,

and the residt is that ground waters usually contain nnich more

mineral matter than sui'face waters. In a limestone country the

ground water will be hard, as it will contain lime, and where the soil

contains alkali the water will be changed with it. ^Yater that con-

tains little beside lime is not especially objecti()naI)le for drinking

purposes, but for most oilier j)Ui|)oses it is more or less expensive

and troublesome. An alkali water may l)e <|uite unusable.

As regards -disease organisms a ground water is likely to be

(juite free on account of the filtering action of the soil. In the case

of j)nvate w'clls, often located near outhouses, j)olhition is much

more likely to occur than in public supplies where any source of

polhiticm must l)e (juite remote.

The temperature, odor and taste of ground waters are generally

much more satisfactory than of surface waters. Ground waters

constitute a most valuable soin-ce of supply for small cities and

towns, and where such a supply can be had it should almost always

be chosen in preference to a surface water.

CONSTRUCTION OF WORKS.

Before passing on to the tletails of waterworks construction it

will be of assistance to obtain a general view of the subject, and to

that end w^e will here briefly outline the various general feature;?

which ^o to make up a waterworks system.
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27. Classification. The various constructive features of a

water su})})ly system may be divided into three groups—works for

die collection of water; works for the conveyance and distribution

of water; works for the purification of water.

28. Works for the Collection of Water. These are

divided according to the nature of the source into: (A) Works for

taking water from large streams or uiftural lakes; (B) Works for the

collection of ground water; (C) Works for the collection of water

from small streams by means of impoimding reservoirs.

(A). W'orks for taking water from large streams or lakes vary

in character from a simple cast-iron pipe extending a short distance

from shore, to the expensive tunnels and cribs of some of the large

cities on the (ireat Lakes. The location of these works is deter-

mined ve-ry largely with respect to the (juality of the water obtainable.

Wherever, as is often the case, it is desired to draw a supply from

a lake which at the same time receives sewage from .the city, the

question is one involving difhcultics.

{])). . Works for the coll(>cti()n of gi'ound water consist of various

forms of shallow wdls, ai'tcsian wells, filter galleries, etc. 'I'lie

location of works of this class is determined, primarily, by the loca-

tion of the water-bearing strata. If these are extensive, it will usually

be convenient and economical to ]jlace the wells at relatively low

elevations in order that the water may readily be reached by pumps,

or pt>rhaj)s in order that a flowing W("ll may be secured. In the

case of shallow wells the location is often affected by the possibility

of local contamination, an element usually absent in the case of

deep wells.

(C). Water collected in impounding reservoirs from streams

of comj)aratively small watersheds depends for its good (juality

chiefly upon the scarcity of ])o})ulation upon the watershed. Suitabl(>

areas aiv tliercfore more likely to be found in the more rugged parts

of the country and at the higher elevations, and usually at considerable

(listances, sometimes as great as 50 or To miles, from the po|)ulation

to be served. The location of such impounding reservoirs is also

largely dependent upon (piestions of construction, such a;s the loca-

tion of the dam, length and cost of aciueduct or conduit, and, what

is of great economic importance, whether the water can be conveyed

and ilistributed entirely or partly by gi-avity.
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29. Works for the Distribution of Water. Tlitsi' in-

cIikU' aijiK'diicts and coiKluits for conveying water from a distant

source, pump.s and pumping stations, local reservoirs for equalizing

the flow or for storage, and the pipes for distributing to the con-

sumers. Conduits may be open channels, masonry conduits, or

pressure conduits, such as pipes of wood, in)n, or steel, and some-

times tunnels. -The form is determined chiefly by c-onsiderations of

cost. Pumps are used in a great variety of forms and situations,

and may be operated by steam, gas, electricity, wind, or by hydraulic

})ower. There are deep-well pumps for drawing water from depths

not reached by suction, low-lift pumps for raising water from a river

into settling basins or on to filters, or from wells into a low reservoir;

and higli-lift pumps for forcing the main supply into the distributing

pipes or into an elevate* 1 distributing reservoir. Local reservoirs

are used for receiving water from long conduits and regulating the

flow in the distributing system, for ecjualizing the flow and pressure

in pumping systems, and as settling reservoirs. The pipe system

includes distril)uting mains, fire hydrants, service pipes, shut-off

valves, regulating valves, etc.

30. Works for the Purification of Water. These vary

in kind according to the nature of the impurities to be removed.

Thus in the case of surface waters the sediment, bacteria, etc., are

removed more or less completely by settling basins and various forms

of filters. In the case of ground waters iron may be removed by

aeration and filtration; hardness by chemical precipitation, etc. In

these ways waters otherwise very imdesirable can be greatly improved

or made entirely satisfactory, but of course at a considerable expen-

diture of money. It will often happen, therefore, that a source of

good ciuality but expensive will need to be compared with another

poor in cjuality but capable of being made fairly comparable with

the other at no greater total cost. Not infrequently the possibility

of the future deterioration of ^a surface supply and the consequent

necessity for artificial pm-ification must also be considered.

RIVER AND LAKE INTAKES.

In drawing a water supply from a large river or lake a pipe or

tunnel must extend from the pumping works out some distance

from shore and the construction of such pipe line or tunnel often

involves some very difficult work.
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31. River Intakes. The location of the point of intake

must be selected with reference to (1) the (juulity of water, and (2)

the cost of construction and maintenance of the works connected

therewith. The point of intake shoidd be free from local sources

of ])ollution and should therefore be located above all sewer outfalls

of the town in question. In the case of tidal streams, sewage-polluted

water mav be cariied long distances above the respective outfalls

at flood tide, and l)efore selecting the location careful study should

be made of this (juestion by means of floats and by examinations of

the water at various seasons of the year. The locatifju of the intake

must also be determined with special reference to the lowest water

stage.

'J'he form of construction to be used depends upon the character

of the stream in (jucstion, especially whether the diil'ercnce between

low and liigli water level is snudl or great.

If the water level vary only a sn)all amount, as in tiie case of

streams near dams or near a lake or ocean, tlie watei' may usually

l)e taken from near the shore, the end of the intake pi})e being sup-

ported on a small foundation of concrete, or on a wooden crib, or

by a masonry retaining wall.

The intake ])ij)es, usually of cast iron, may lead directly to the

pumps, thus acting as suction pipes, or to a gate chamber and pump

well. In the latter case the suction pijx-s of the pumps lead from

tliis j)ump well. (Jratings of cast iron or wood, with large oj)enings,

are usually placed at the entrance to the intake to prevent the admis-

sion of large objects, while fish screens of copper are inserted in the

gate house (H* placed over the ends of the suction pipes.

If there is a large fluctuation of water level considerably more

worK is involved. It is usually necessary to extend the intake pipe

a considerable distance from the baid<s of the stream in order to

reach a suitable location at low water. Furthermore, pumps camiot

lift by suction more than about 20 feet in practice, hence in order

to enable the pumps to reach the w^ater at the lowest stage, it is often

necessary to place them in a deep pump pit much below high water

level. The construction of a water-tight pit for this purpose is then

an important feature of the works.

Another form of construction at the end of the intake is a masonry

tower extending above high water and containing })orts and sluice-
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trato siniiUir in t'onii to those usi-d in reservoirs. 'J'o provide stability

a<^ainst ice and drift the tower is hnih siniihir to u bridge pier in

form, the inlet ports beini^; placed along the sides. The outer end

of the intake pipe i.s usually j)roteeted by a simple timber crib sup-

j)orting the end of the pipe 2 or 3 feet above the river bottom, and

luld in place and protected from scour by broken stone. A coarse

screen or grating is ordinarily placed over that compartment of the

crib containing the intake pipe. It is desirable to have the total

area of the openings of this grating 2 or I] times that of the pipe itself

in order to keep tlie entrance velocity low. Sometimes in order to

strain out the sediment the crib is entirely filled with broken stone

and sand to form a filter crib. Sucli intake towers are used at St.

Louis and at Cincinnati and tuimcls connect with the tower through

which the water is conveyed to the pumps.

The tower has the advantage over the crib construction in

})cnnancnce and reliability. For these reasons this form of con-

struction is to be commended, but it is nuich more expensive than

the crib construction and is therefore suited only for the larger and

more important works.

From the crib or inlet tower the intake pipe or tunnel usually

runs to a screening chamber or pump well and from this chamber

suction pipes lead direct to the pumps.

P'ig. 5 illustrates a good design for small works. Here the

water flows by gravity to the wet well made of boiler steel and con-

Tonne/ ySectwn

.— kiA^r

£'Space fi7/ei/ ivif^

I'Vetm//'
^y6"Sucf/or7

Fig. 5. Intake on the Ohio River.

structed below high water line. From this well the water is drawn

by suction pipes attached directly to pumps in the pump pit. The

suction pipe is ])laced in a tunnel through wliich access may be had

in time of high water to the valves in the wet well. The size of
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intake pipe and suction j)ij)e should be sucli that tlie velocity of the

water in them will not exceed 11 to 2 feet per second.

32. Lake Intakes. The location of a lake intake in such

a j)osition as to obtain at all times water of the best quality, and to

fulfill the requirements of safety against interruj)tion, is a question

re(juiring very careful study. In a lake impolluted by sewage some

of the things to be investigated are—the location of the mouths of

streams and the sediment carried by them; the character of the lake

bottom; the direction of wiiul and currents and their eil'ects in stirring

up the nmd on the lake bottom and in conveying sediment from

point to point.

The intake should if practicable be located at a suflicient depth

to be free from any considerable wave action, both to seciu'e a greater

stability and to avoid the effect of the disturbance of the sediment

by the waves. Even in small j)onds the wind stirs up the water to

a (lej)th of 15 or 20 feet, so that this niay be taken as about the mini-

nunn <lej)th. A greater depth is desiral)le if the water is not too

stagnant, since the water becomes rapidly cooler below this point.

In large lakes the wave action extends to much greater depths and

the intake slujuld l)e extended accordingly to dejiths of 40 or 50 feet.

]\Ios( of the cities along the (Ircat Lakes dispose of their sewage

by running it directly into the lak(> at the most convenient point;

and for those places that draw their water supply from the same

body of water the most difiicult part of the intake pro})lem is to ex-

elude their own sewage. As the cities grow, the intakes are pushed

farther and farther out, but usually not until the necessity of the

step is brought home by increased mortality from tyj)lioi(l fever;

and, however carefully this matter is followed up, the quality of the

water taken from such sources nnist always be looked upon with

susj)ici()n. In Chicago the length of intake has gradually increased

to 4 miles. In Milwaukee it is 1 \ miles, while the new intake at

Cleveland is about 5 miles long.

Whether the conduit should be a pipe line or a tunnel depends

uj)<)n the cost of construction and the relative reliability of the two

forms. Ill small works the cost of a tunnel would be j)r()liibitory,

while in the case of a very large intake a tunnel may be the cheajK'r.

Again, a pipe-line, unless sunk very deep, is subject to disturbances

near the shore end bv ice action, wreckage, and scour from storms.
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Submerged-pipe intakes are usually laid by tbe aid of divers,

althougli otlier methods have been used. The pipe is preferably

laid in a dredged treneh, at least as far out as wave-aetion is to be

feareti, and should be eovered generally to a depth of 3 or 4 feet.

Near the shore end the eovering should be eonsiderably deeper than

this. \'arious methods of laying submerged pipe are described later.

'Slost lake iniakes are protected at their ends by subnierge^l

{.•rib work of timber partly filletl with stone, the end of the pipe being

raised G or 8 feet above the lake bottom to prevent the entrance of

sand. At some of the larger ones, as at Chicago and Cleveland,

large inlet cribs or towers built above the water surface are used,

similar to river inlet towers.

The greatest difficulty met with in operating lake intakes is

due to the clogging of the ports by anchor ice. This consists of

needk's and thin scales of ice which form in moving water and which

are of such small size that they are readily carried below the surface

by comparatively weak currents. They cease to form after the body

of water has become frozen over. On coming in contact with sub-

merged objects these particles of ice aflhere and soon form large

masses difficult to dislodge. Anchor ice has given much trouble at

lake intakes both at the exposed cribs and at the shallower submerged

ones. It is removed in various ways. Compressed air discharged

near the port has been effective in some submerged intakes. Steam,

water from hose, chains drawn back and forth through the ports,

and pike poles, are some of the other means used. As tending to

obviate difficulty with anchor ice all crib openings or port holes

should have a large area so that the velocity of flow through them

will not be more than 3 or 4 inches per second.

WORKS FOR THE COLLECTION OF GROUND WATER.

33. Collection of Water from Springs. The chief objects

to be accomplished in the construction of works of the kind here

considered are the protection of the water from pollution and the spring

from injury through clogging or otherwise, the furnishing of a conve-

nient chamber from which the conduit pipes may lead, and, in some

cases, the enlargement of the yield Ijy suitable forms of construction.

If a supply sufficient at all times for the demand can be obtained

/rom one or more large springs, each oue should have its separate
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basin from which the water may be conducted to a common main.

The simplest form of works consists of a small masonry well or

basin surroundintr the spring and from which the con(hiit j)ipe leads.

To prevent a growth of vegetable organisms and conseipient deteriora-

tion of the water, such basin should always l)e covered so as to exclude

the light. For a small spring, a circular well covered with a stone

cap cemented in place and provided with a manhole is a simple and

ell'ective arrangement. For larger springs a masonry vault covered

with 2 or 3 feet of earth is preferable. If the spring is located on

a steep hillside, the collecting chamber is conveniently constru(te(|

in the form of a horizontal gallery built into the hill, access to which

is had through a door or manhole.

INIineral and other springs occurring in public places usually

have open basins, and opj)ortuuities are oll'ered in the walls and

parapets for ornamentatioi..

If the natural yield of a spruig .s .nsufficient, it will sometimes

be possible to increase it. The proper form of collecting works to

accomplish this dejn'uds upon the character of the spring. If the

water appears at the upper siu'face of a stratum of impervious

material overlaid by the water-bearing deposit, fre(juently in the

form of several small springs, instead of dealing with each one

individually it will often be better to construct a long collecting

gallery rumiing parallel to the outcrop and leading to a central

collecting chamber which c;iii be made similar in form to that

for a large spring. This gallery, which may be made similar to

that shown in Fig. 12, should be built deep enough to rest upon the

impervious nuiterial, and thus to collect all the underground flowage

as well as that a[)pearing as springs. The total yield may be thus

nuich increased, the increase being relatively greatest during dry

weather.

The gallery nuiy be simply a line of drain tile or vitrified pij)e

laid with open joints at the upper part of the \n\K'. If large (juaiiti-

ties are collected the gallery may be made of brick or stone and

large enough to permit of the passage of a man.

Where springs originate in a deep porous stratum such stratum

may usually be tai)|)ed by wells without much reference to the si)ring.

Use of such wells will generally reduce or entirely stop the flow of

the spring.
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Orow^d Lire

THE CONSTRUCTION OF WELLS.

34. Principles Governing the Yield of Wells. If a well,

either large or small, he sunk into a body of water-bearing material

the water will run into such well, and if no pumping is done the

water will, after a time, reaeli a level in tiie well the same as the

level of the water in the surroun<ling soil. Fig. G represents a section

through such a well. The dotted line A B represents the level of

the water in the ground and in the well. Now if water is pumped

from this well the level of the water therein will be lowered and as

a consequence water will tend to flow into it from the surrounding

ground and the surface of the ground water will assume some such

shape as shown by the full line

C D E F. The amount which

the water surface is lowered de-

creases rapidly as we get farther

from the well, until at some point

more or less remote there is no

sensible effect. The area within

which the level is appreciably

lowered is called the circle of in-

fuence. If the pumping is con-

tinued the level "will be more and

more lowered until it is so low that water will run into the well as

rapidly as it is pumped out, after which no further change will take

place. If the pumping ceases the well will gradually fill up to the

original level.

Where the water flows under pressure, as in a porous stratum

overlaid by an impervious one, the flow into a well is not accompanied

by a change of level in the surface water, but the curve of pressures

is of a form similar to the water surface in the case already treated.

The princij)les underlying the yield of wells have been investi-

gated both theoretically and practically, but the subject is too dif-

ficult to be discussed in detail here. There are certain general

])rincij)les, however, that are very important and which aid greatly

to a clear understanding of the behavior of a set of wells under vary-

ing conditions. These may be stated as follows:

Having given a sand or gravel stratiun of at least several feet

in thickness in which water is flowing at some appreciable slope,

Fig. 6. Well Sunk in Ground Water.
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siicli as o or 10 feet per mile, and a well is sunk into this stratum to

a consi(lera])le (lej)th, the yield of such a well when pumped from

continually will follow aj)pr()xiniately the followin<i; laws:

(1) The yield will be proportional to the distance the water

level is lowered in the well below its normal level.

(2) The yield will l)e proportional to the thickness of the water-

bearing stratum.

(3) For the same amount of lowering of the water the yield

will be a little greater the larger the well, but the difference is not

great except in case of very deep wells of small diameter in which

the upward velocity of flow through the well is greater than 2 or 3

feet per second. A 10-foot well will yield only about 50 per cent

more than a 6-inch well.

(4) For the same amount of lowering of the water the yield

will be much greater in coarse material than in fine.

The following table will serve to give a rough idea of what may

be expected from a single well sunk at least half way through a water-

l)earing stratum of various grades of material.

TABLE 9.

Approximate Yield of a 6=Inch Well When Sunk Into Water=

Bearing flaterial 10 Feet Thick and When the Water Level

Is Lowered One Foot by Continuous Pumping.
Material. Yield in gallons per clay.

Fine Sand 4,000
Medium Sand 30,000
Coarse Sand 80,000
Fine Gravel, free of Sand 500,000 or more.

For other thicknesses of material and other amounts of lowering

the yield can be obtained by the law of proportion as stated above,

"^riie great increase in yield due to increasing coarseness of material

is very marked and shows that for this very reason it is very difficult

to make close predictions as to yield. Larger wells will give slightly

better results.

Example. A well is sunk into a water-bearing stratum con-

sisting of medium size sand to a depth of 30 feet below water level.

What will be the yield if the water therein is pumped down 5 feet

below its normal level ?

By Table 9 the yield would be about 30,000 gallons per day

for a 10-foot stratum and one foot of lowering. Hence for a 30-foot

104



WATER SUPPLY 39

stratum and 5 iVet of low('rin(>; the yield will i)c about 3X5 = 15

times as umcli, or 15 / 30,000 - 450,(XK) gallons per day.

If two or more wells penetrating to the same stratum are placed

near together and simultaneously operated, the total yield will be

relatively much less than the yield of a single well j)umped to the

same level. This unitual interference of wells depends m amount

upon the size and spacing of the wells, upon the radius of the circle

of influence of the wells when operated singly, and upon the depth

to which the water is lowered by pumping.

The amount of this interference depends mainly upon the dis-

tance the wells are apart. It also depends upon the amount the

water is lowered In' pumping, and upon the general capacity of the

stratum. If the water is lowered a considerable amount, such as

10 feet, the wells should he placed 200 to 400 feet apart in order

that the interference be not too great. A small spacing like 25 to

50 feet will give an interference of a large amount,—often as great

as 50 per cent in the case of 3 or more wells. That is to say, if 4

wells are placed 50 feet apart the total yield is not likely to be more

than 50 per cent of the yield if these 4 wells were placed 300 or 400

feet apart.

Where it can be done, the best way to determine the capacity

of wells is by actual tests conducted for a sufficient length of time to

bring about a condition of equilibrium in the flow, but unless this

condition is approximately fulfilled such tests are apt to be very

deceptive. "With a flat slope to the ground water a test may be carried

on for weeks and even months-, and the circle of influence will still

continue to widen, resulting in a gradually decreasing yield. It

may thus require years of operation to bring the conditions to a final

state of equilibrium.

In the case of deep wells sunk into rock strata it is impossible

to make an analysis of the conditions so as to be able to predict the

yield. A pumping test is a necessity, but in this case also a very

useful principle to remember is that of proportionality of flow to

the lowering of the water level in the well. Thus if by pumping

the level down 10 feet we get 200,000 gallons per day we may say

with great certainty that the yield will be about 400,000 gallons if

the water is pumped down 20 feet. In all cases this lowering of

the water is to be measured from the level to which it rises when
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no water is pumped. In a flowing artesian well to get this level it

is necessary to extend the casing above the ground as far as the

water will rise, or to cap the well and determine this level l)y a pres-

sure gauge.

35. Large Open Wells. As already explained, the yield

of a well that is constantly pumped from is not much affected by its

size. For other reasons, however, large wells are often advantageous.

The large well possesses a great advantage over the small well

in its storage capacity. If the pinnping is carried on at a variable

rate, it thus acts to increase greatly the real capacity of the large

well over that of a series of small tube wells. Furthermore, in the

operation of the pumps there are many advantages in being able to

get the entire supply from a single well, or from two or three large

wells close together, chief among which is the avoidance of long

suction pipes. The large well is also of great advantage where it

becomes necessary to lower the pumps, as it permits the use of a

more economical form of pumping machinery.

Troul)le is often experienced in the small wells through clogging

and the entrance of fine sand. This is largely avoided m the large

well, as the entrance velocity of the water is very small. Opportu-

nity is also given for the settling of fine material.

The chief disadvantage of the large well is in its great cost com-

pared to the tube well for like yields. This disadvantage inci-eases

rapidly as the depth increases, and where it may be economy to con-

struct a large well to a certain depth to serve as a pump pit it will

usually be cheaper to develop the yield by sinking tube wells from

the bottom, or by driving galleries therefrom, than by further sinking.

Large wells for waterworks are constructed of diameters of 10

feet or less to as great as 100 feet, 30 to 50 feet being the most com-

mon size. The minimum dej>th of a well is detei'niined by the depth

necessary to reach and penetrate for a short distance the water^

bearing stratum, allowing a margin for dry seasons.

In the construction of a large well large ([uantities of water

will be met with, and adecpiate means of handling it must be pro-

vided. As the water level must be kept at the lowest level of (he

excavation, the maxinnun pumpiige will be considerably more than

the future caj)acity of the well. For moderate depths the excavation

can be carried on with no other aid than sheet piling. If the well
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is of l;ir<^o (Hainctcr, an .•iiimilar trench is usually first exc-avated

and the eui'l) or lininii; huiU therein, after which the interior core

is removed. This method enables the sheet pilini^ to be readily

braced. A method ada])ted to smaller wells is to drive the .siieet

Secr/ono/ P/ar? ^/ l^^e//

Unc/er Consfrucr/on

Vfrr/co/3ecr/on

of We//

Fig. 7. Large Well under Construction.

piling outside of a series of wooden- frames or ribs, and to excavate

the entire well at once. The ribs are built In place as the excava-

tion proceeds. This method is illustrated in Fig. 7.
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For wells of consideralile depth sunk in soft material, the curb

may be started on a shoe of iron or \^'Dod, and the excavation and

the construction of the curb carried on simultaneously, the curb

sinking from its own weight. The material may be either excavated

in the ordinary way, or by the use of compressed air, or dredged

out without attempting to keep out the water, the method used

depending upon depth of well, quantity of water, and character of

the material. Where the friction becomes too great to sink the first

curb the desired distance, a second curb with shoe may be sunk

inside the former. In Fig. S are illustrated two forms of shoes used

in sinking wells. These are both

constructed mainly of wood. To
strengthen such curbs iron rods

should extend from the shoe well

up into the masonry. For large

wells, pump pits, etc., heavy iron

shoes are often employed, and

occasionally a pneumatic caisson

is found necessary.

The lining or curb usually

consists of a circular wall of brick

or concrete masonry of a thick-

ness varying with diameter and

depth of the well, but ranging

ordinarily from 2 to 5 feet. Dry
rul)l)le may be used for the lower portion, but the upper portion

should be of concrete.

All wells should be covered to exclude the light and to prevent

pollution of the water. The cover is usually made of wood, which

for large wells may be conveniently made of a conical form and

sujjported by a light wooden truss, or by rafters resting against

the wall.

36. Shallow Tubular or Driven Wells. Shallow tubular

wells, or wells of small diameter, also called driven wells, are sunk

in various ways, depending upon the size and depth of well and

nature of the material encountered. To furnish large quantities

of water it usually recjuires a number of wells, and in addition to

the (question of sinking, questions of arrangement, spacing, con-

Fig. 8. Shoes for Sinkinj; Well Curbs.
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nectiiif^ and operation are inij)()rtaiil. We will here consider only

the methods of sinking wells in earth or soft strata.

As regards methods of sinking there are two ])rin(ij>al kinds

of wells—tlie closed-end well or driven well proper, and the open-

end well.

The Closed-end or Driven Well. In this form the well tube

consists of a wronght-iron tube from 1 t^) 4 inches in diameter, closed

and pointed at one end, and perforated for some distance therefrom.

The tube thus prepared is (hwen into the ground by a wooden maul

or block until it penetrates the water-bearing stratum. The upper

end is then connected to a pump and the well is complete. Where

the material penetrated is sand the perforated

portion is covered with wire gauze of a fineness

depending uj)on the fineness of the sand. To

prevent injuring the gauze and clogging the per-

forations, the pointed end is usually made larger

than the tube, or the gauze may be covered by a

perforated jacket.

Fig. 9 shows a common form of well point

and the method of driving wells by means of a

weight operated by two men. The tube may

also be driven by a wooden block operated by a

pile driver or other convenient means. Such a

well is adapted for use in soft ground or sand

up to a depth of about 75 feet, and in places
x^ig. 9. weupointand

where the water is thinly distributefl.
nvmfr ik.

Open-end Wells. For use in hai'd ground and for the larger

sizes the open-end tu'be is better adapted. This is sunk by remo^'ing

the material from the interior, and at the same time driving the tube

as in the other case. A very common method of sinking is by means

of the water jet. In this process a strong stream of water is forced

through a small pipe inserted in the well tube, the water escaping in

one or more jets near the end of the pipe. At the same time the pipe,

which is provided with a chisel edge, is churned up and down to

loosen the material, which is then carried to the surface by the water

in the annular space between the pipe and tul)e. If the material is

hard or the well deep, a steel cutting (>dge may l)e screwed on to the

end of the well tube.
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With the open-end well thr lower portion may be merely per-

forated witli small holes in ease the material is coarse or gravelly,

or if sand is met with, the holes may be covered with brass gauze.

Instead, however, of using a gauze it is common with this style of

well to sink a solid tube, insert a special strainer of

suitable length, and then withdraw the tube nearly

to the top of the strainer.

Fig. 10 illusti'ates a commonly used form of

strainer known as the Cook strainer. It is made of

brass tubing and provided with very narrow, slotted

hol(>s, which are much wider on the interior than

on the exterior, an arrangement intended to pre-

vent clogging.

Small tubular wells are usually arranged in one

or two rows alongside a .suction pipe and con-

nected thereto by short branches. The smaller

sizes are connected directly to the branch, the well

tube acting also as a suction pipe, but with the

larger sizes a separate suction pipe is ordinarily

employed. In the former case, to avoid the en-

trance of air, it is necessary that the perforated por-

tion of the pipe be always under water, and to insure

this being the ca.se it .should be kept below the

limit of suction. ^Yith the latter arrangement there are no such

limitations to the position of the perforated well casing.

In order to enable the pinups to draw as much water as possible

from the wells the ])umps and suction main should be placed as

Fig. 10. Cook
Well Strainer.

o SO too

reef-

Plan
Fig. 11. Typical Arriiugcinciit of Wells.

deeply in the ground as practicable. A tyj)ical arrangement of wells

is shown in Fig II. In this |)lau the wells are (»-incli wells and are

spaced 50 feet apart and are oo to ")() feet deep.
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'I'lio inaxiiiiiiiii aiuouiit ol" water ()l)taiiial)l(' froiii a given niiniber

of wells would 1)0 when they are spaced tar eiioMjjjh apart so that their

circles of iiiflueiiee will not overlap, l)iit on account of cost of piping,

and loss of head hy friction, this would not he the most economical

spacing. While it is impossible to give figures which would he of

general aj)plication, it may he stated that from 2.") to 100 feet is about

the range for economical sj)acing of shallow wells. With very deep

or artesian wells the spacing becomes still greater. Spacing less

than 2;3 feet has tjuite often been used, but with doubtful economy.

Each well should be connected to the suction main by means

of a short branch in which should be placed a gate valve, so that

any well can be shut off at any time. The main suction pij)e is

usually made of flanged pij)o, as this enables air-tight joints to be

more readily made, although ordinary bell-and-spigot pipe with

lead joints has been successfully used.

The greatest care must be taken in every {)art to make the work

air tight, and to secure this it should l)e thoroughly tested in sections

i)y means of compressed air. All valves should be carefully tested

U)V air tightness, and all screw connections thoroughly fitted. In

spite of the most careful construction, air will usually accunudate

to some extent, and to eliminate it many plants are provided with

air separators placed on the suction main near the pump. The

simplest form consists of a large drum of steel placed on the suction

pipe near the pumps through which the water passes at a slow

velocity. A vacuum pump is attached to this drum.

Where sand is drawn up with the water it may be got rid of

by passing the water at a slow velocity through a large drum or

box inserted in the suction pipe and provitled with suitable hand-

holes for cleaning.

37. Deep and Artesian Wells. Where the depth exceeds

75 to 100 feet the small driven well is no longer practicable. Methods

of sinking deep wells are in many respects different from those already

described, and matters of spacing, pipe friction, arrangement of

connections, etc., are much more important than in the shallow-w^ell

])lant. Well boring is an art by itself, and the execution of any

dccp-wt'll project should usually be put into the hands of some reliable

well-drilling concern. The variety of ingenious tools and ap[)liances

in use for overcoming all kinds of difficulties and for penetrating all
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sorts of strata is very great, and it is possible to give liere but a very

general description of some of the methods of sinking in use.

In soft material it is necessary to case the well the entire depth,

and on account of the difficulty of getting the casing down to great

depths this operation becomes the chief feature of the construction.

For depths up to 200 or 300 feet the ordinary well-drilling outfit

can be used, and the casing driven close after the drill. When the

casing can ))e driven no farther a smaller size is inserted and the

sinking continued with a smaller drill, and so "on until the well is

sunk as far as desirable or possible. The material excavated is

brought to the surface by means of a sand bucket, or by the water

jet as previously described, the water being conducted to the end

of the drill through hollow drill rods. By the latter method the hole

is kept clean and a more rapid jjrogress made.

The friction against the casing is greatly lessened, and the depth

attainable much increased by the use of the revolving ])rocess. In

this the lower end of the casing is provided with a toothed cutting

shoe of hard steel of slightly greater diameter than the ])i])e, and

the upper end is connected by means of a swivel to a water pipe

through which water is forced by suitable ])umps. The well is

bored by turning the pij)e, and the loosened material is carried to

the surface by the water which })asses down inside the casing and

up on the outside between casing and soil. This j^rocess is very

connnon in sinking artesian wells in the alluvial basins of California.

It is very rapid, a rate of sinking as high as 20 or 30 feet per hour

for depths of 1,000 feet having been attained.

It is essential to have a good length of strainer in the porous

stratum. Tiiis is usually inserted after the desired d('j)th has been

reached, and the casing is then pulled up to the top of the strainer.

By special devices it can, however, be attached to the end of the well

casing and simk with it.

A drilling outfit for deep wells is very similar to the ordinary

familiar outfit for shallow wells worked by horse-power. A string

of tools consists essentially of a steel l)it, an auger-stem into which

the bit is screwe«|, a j)air of links or " jai's" connecling the auger stem

with another bar, called a sinker bar, and finally the roj>e cable

which suj)ports the ap[)aratus and which j)asses over a ])uney at

the top of a derrick and then down to a winding drum, -bist above
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the (liimi ilie cable is attached, l)y incan.s o\' an adjusting or "temjxir"

screw, to a large walking heam operateil by a steam engine. As

the work progresses the drill is lowerd by the temper screw. By
means of the jars an upward blow may be struck to dislodge a

janmicd drill. ^lany ingenious tools are employed for recovering

lost tools, cutting up and removing pipe, and carrying on the various

operations involved.

Wells in .soft material must be cased throughout. When bored

in rock it is necessary to case the well at least through the soft upper

strata to prevent caving. Casing is also desirable for the purpose

of excluding surface water, to which end it should extend well into

the soliil .stratum below. Where artesian conditions exi.st and the

water will eventually stand higher in the well than the adjacent

ground water, the casing must extend into and make a tight joint

with the impervious stratum, otherwi.se water will escape into the

ground above.

Ordinary artesian well casing is made of light-weight wrought-

iron laj)-wcl(lc(l I)ipe. For pipe which is to be driven the .standard

wrouglit-iron j)ipe is ordinarily u.sed, but for heavy driving extra

strong pipe is necessary. Joints of drive pipe sliould be' made so

that the ends of the tubing are in contact when screwed up. The

life of a good heaw pipe is ordinarily very great, but cases have

occurred where the pipe has been rapidly corroded, due to the pres-

ence of excessive amounts of carbonic acid.

The cost of sinking wells will of course vary greatly according

to locality, nature of strata, and depth and size of well. For wells

G to S inches in diameter and sunk in ordinary rock the cost per foot,

not including casing, will usually range from S2.00 to S3.00 for depths

of oOO feet, up to §3.00 to 85.00 for depths of 2,000 feet. For smaller

sizes the cost will be somewhat less, especially for the shallow depths.

38. Connections for Deep Wells. The economical spac-

ing for deep wells will be much greater than for shallow wells. It

will likewi.se pay to spend more money in lowering the flow line by

making deep connections, thus decreasing the numl)cr of wells and

increasing the spacing. (Generally sj)eaking a s{)acing of from 400

to 800 feet will be found desirai)lc.

On account of the relatively great cost of deep wells it will often

be found economical to so arrange the pumps and coiuiections that
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a considerable lowering of the water level below the ground sui-face

may be obtained. This is generally aeeomplished by connecting

all the wells to a single pump or set of pumps, placed at a considerable

depth below the surface. Where the connections are very deej)

tunneling may have to be resorted to. Another common method

of drawing water from deep wells in the case of small plants is by

the use of a separate dee])-well pump for each well. This method

is applicable to any depth, but involves the use of uneconomical

types of machinery. The air lift is another form suited to this work.

39. Yield of Artesian Wells. In making estimates regard-

ing flow it is important to bear in mind that it i'equires a considerable

length of time to determine Avith certainty the adequacy of the supply,

and furthermore that the sinking of wells by other interests, even

though at considerable distances, may very seriously affect the yield.

AVhere conditions are sufficiently favorable for w'orks of some magni-

tude the yield per well under a moderate head ranges from ab'out

150,000 gallons per day to S00,000 gallons, or even more. With

yields of less than 100,000 gallons per day, works for develo})ing

large (piantities become very expensive, relatively more expensive

than for small (juantities, since with a large number of wells there

js much greater interference. Often a well or set of wells will show

a gradual falling off in capacity. The chief cause of a decrease in

the yield of a well is the influence of other wells sunk in the vicinity.

Where large numbers of wells are sunk in the same region this effect

may be very serious, as in some cases where it has reduced the ])res-

sure of flowing wells from 7o or 100 feet down to nothing.

40. Galleries and Horizontal Wells. Where ground water

can be reached at moderate depths it is sometimes intercepted by

galleries constructed across the line of flow. If these are placed

at a sufficient depth they will enable the entire flow of the ground

water to be intercepted. In form a gallery may consist merely of

an open ditch which leads the water away, or it may be a closed

conduit of masonry, wood, iron, or vitrified clay pipe, provided with

numerous small openings to allow the entrance of the water. Unless

constantly submerged, wood should not be used. Masonry and

vitrified pipe are })referable to iron, as these mutci'ials are uninjured

by exposure to water. If galleries are not covered, excessive vege-

table growth is apt to occur which may iiijiir(> the (juality of the
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Water dearinq Gravel

Sana/

Stone MM\
Fig. 12. Concrete Gallery.

Wilier. Fin-. 12 illiisti'atcs a t'onn of ^^allcrv of coiicivtc built in a

\\a(cr-l)('ariM<>; "Tavcl.

(lallerios for collectiii^ <i;roiii)(l water are ocfa.sioiially tiiiiiieied

in .solid rock. Thi.s may ha|)[)eii along a .side hill where an oiitcrop-

])ing porous stratum overlies an impervious one and it is desired to

de\-el()j) the flow hy i-unninii; a funnel aloui; the hill near the bottom

of the j)orons stratum; or it may occur where a steeply inclined

artesian stratum can he more

readily reached in this way than

by vertical wells. Tunnels or

galleries are also sometimes run

from the bottom of large wells

for the purpose of increasing the

vield. This method of increasing

the fhnv is advantageous where

it is necessary to lower the pumps

and to concentrate the flow in a

single well.

Horizontal or push wells are tubular wells ])ushed approxi-

mately horizontally into a water-bearing stratum, or under the bed

of a lake or stream. They are forcetl into the ground from a trench

by means of jacks braced against the opposite .side. These wells

have been most successful when extended out under a lake or river.

Another method of utilizing a river bottom as a natural filter

is to construct a wooden crib in an excavation in the bed of the .stream,

fill it with gravel and then cover the structure with 3 or 4 feet of

sand up even with the river bottom. The suction jMj)e then leads

from the crib to the jjumps. This form of construction is well adapted

to sandy-bottom streams with swift currents and has proved a very

efficient way of clarifying muddy river waters.

Wells and galleries are often constructed near streams for the

purpose of getting all or a portion of the supply therefrom. The

success of such works depends much upon the character of the river

bottom. Even when the lower strata are porous, the river, if a

silt bearing one, may have a nearly impervious l)ottom and the

natural filter will only become more clogged by use, necessitating

{)erhaps the abandonment of the collecting woi-ks. Such failures

have occurred in some instances. With a sandy river bottom kept
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dean by the .scouring action of the floods, and with a porous sub-

stratum, works of this kind will give good results. T(j secure good

filtration the works should be located at least 50 feet and preferably

a greater distance from the stream.

The yield of a series of wells or of a gallery collecting filtered

surface water will be, as in the case j)reviously discussed, proportional

to the lowering of the Avater level, and will be nearly proportional

to the length of the line of works. In gallons per day per 100 feet

of gallery, the yield from various successful works varies from 30,000

to 1,000,000 or more, which is about the same as is obtained from

lines of wells.

RESERVOIRS AND DAMS.

Impounding Reservoirs.

41. Capacity. When the minimum How of a stream is less

than the daily demand of water it is necessary to store uj) the excess

flow during the rainy season in large reservoii-s called inipoundhu/

rr.scrroir.s. The deficiency in the supply can then be made up by

drawing from the reservoir. In this way the entire How of a stream

for a year or more may be stored and (h'awn oil" as wanted and streams

that run dry at certain times may be made to supply cjuite a large

population. Impounding reservoirs are made by constructing a

dam across the valley in cjuestion, but natural lakes or ponds can

often be utilized as reservoirs by building suitable works at this outlet.

In calculating the proper size of a reservoir we must consider

d) the yield of the source for successive intervals of time; and (2)

the demand for all purposes for like intervals of time. The yield

of the source of supply has been previously discussed. The demand

to be considered includes not only the consumption for the city in

(juestion, l)ut also the loss of water by evaporation from the area

of the reservoir itself, also loss from leakage and percolation, and

often the necessary withdrawals to satisfy the demands of riparian

owners below.

The amount of leakage through the dam will usually be very

small, but with certain forms of construction may be large. The

fjuantity of water necessary to satisfy the demands of the riparian

owners below the reservoir is often an exceedingly difhcult matter

to determine, and usually becomes a (piestion for the courts to settle.
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I'ractici' dillVrs <,M«'atly in diirerciit States, and in many of the Wi-stern

States the water Iteloiifjjs to the State to dispose of as it sees fit. It

is often expecHent to buy up all rif^hts and to utilize whenever neees-

sary tiie entire flow of a stream, or to fix hy contraet the amount

whieh will he allowed to flow.

The eapaeity of the reservoir must he based on the supplying

eapaeity of the stream durint^ the dryest year. I'he prol>al)le yield

of the streatn for eaeh month of sueh a year should he estimated

and recorded. Then likewise the monthly demand for the city

in (|uestion and whatever allowance, if any, should he made for

the use of riparian owners below.

Then for all months in which the demand is greater than tlie

flow sul)tract the latter from the former; this will give the deficiency

for each montii. Add all deficiencies together and the result will

be the total deficiency which must be made up from the reservoir

and therefore is the retjuired capacity of the re-servoir, ]M-ovi(le(l,

howi'vcr, that the total surj)lus for the remaining months is at least

ecjual to the deficiency. If not, then the total yearly flow of the

stream is not e(|ual to the total demand and additional water must

be obtained from some other source.

42. Location. In determining upon the location of a reser-

voir several elements must be kept in mind. In the first place it

is very desirable tliat it shall be at such an eleva^ioi^ that at least a

part of the consumers may be served by gravity alone, and it will

be economy to spend a relatively large sum of money for conduits,

or otherwise, to secure this advantage. The necessary elevation

for this purpose depends upon the required pressure at, and eleva-

tion of, the various j)oints of distribution, and the head lost in con-

ducting thence the water.

The most favorable location for a reservoir as regards topog-

raphy is a [)oint where the valley forms a comparatively broad level

area bounded by steep slo])es at the sides, and below^ which the hills

approach close together so as to form a good site for a dam. To

prevent the escape of water the floor of the reservoir should contain

no outcrop of porous strata of any extent which may lead the water

away underground, and in the vicinity of the dam or embankment

it should be underlain by an impervious stratum at a depth that can

be reached bv that structure.
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After a tentative location has been decided upon, accurate levels

nuist he run to connect the town with the reservoir site, also surveys

for conduit lines, and an accurate topographical survey of the an-a

to he flooded and all that may he afTected hy the reservoir. This

survey should include information as to all huildings upon and

adjacent to the area in question, nature of the vegetation, location

of roatls, property lines, etc. At the site proposed for the (him

numerous l)orings must he made extending to a considerahle distance

ahove and helow the dam as well as on the flanks, and these nuist

he supplemented hy test pits so that the nature of the suj)j)osed firm

stratum can he accurately determined. If a suitahle foundation

cannot he reached at a reasonable cost, the site may have to he

al)an(loned.

Calculations of storage volumes for tlifferent tlepths can ivadily

he made from the contour map. The areas enclosed hy each contour

can he measured hy a planimeter and the volume between any two

successive contours taken as equal to the average of the areas en-

closed by the contours, nniltiplied hy the contour interval. The

volume up to any given contour having been determined, the neces-

sary height of dam to hold any given quantity of water becomes

known.

All vegetation and perishable matter should be removed from

tlie reservoir site. as the decay of such material injures th(> (|uahty

of the water. It is also desirable and of great l)enefit to the water

to remove the top soil to a sufficient depth to include most of the

organic matter therein.

As a further protection to the (|uality of the stored water it is

desirable tl;at there he as little area altenuitely flooded and e.\j)osed

as ])()ssible, in order to limit the growth of vegetation. Shallow

places should either he excavated to give a depth of (i or S ft>c't, or

partly excavated and partly filled, the slopes being formed at about

3 to 1 and covered with sand or gravel.

43. riaintenance. In maintaining a reservoir so as to pre-

.serve the quality of the water and to supply the necessary (pumtity

regularly and certainly recpiires a cousideiahle degree of care and

attention. To keej) the <|nality as good as j)ossihle re(|uires first

of all that the watwrshed and reservoir be kept free from organic

pollution. To insure that this is the case the city shoukl have sani-
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(iii'v siijH'rvisioii over tlit' area in (|ii»'sti()n, and in.sjH'ctioii .should

he R'tjiilarly made to see that all saiiitarv refjuireinents are complied

with. During seasons of low water, opportunity is offered for ir-

moving the vegetation from around the borders of the reservoir.

Careful records shoidd he kept at the reservoir of all matters

which may he of any value in subsequent designs for enlargement

or for new works. 'I'hese should include records of rainfall, tem-

perature, height of water in reservoir, amount pas.sing over waste

weir, and data pertaining to the (juality of the water at different

seasons of the year. The maintenance of dams and embankments

should call for very little lal)(jr. Earthen embankments should be

kej)t neat in appearance with slopes well sodded, or coveretl with

large gravel so as to be permanent. The top of the embankment

should of course be maintained at its full height, and the waste weir

and the channel below it kept clear and of the designed capacity at

all times. CJates and other apparatus should be frecjuently inspected

and kc])t in thorough repair.

EARTHEN DAMS OR EMBANKMENTS.

44. Kinds of Dams. Dams may be divided according to

the material used into five classes; earthen dams, masonry dams,

loose-rock dams, wooden dams, and iron or steel dams. These

materials are also used in various combinations. The form of dam
suitable for a given case depends upon the character of the founda-

tion, the topography of the site, the size and importance of the struc-

ture, the degree of imperviousness rerjuired, and the cost. Of the

above kinds of dams those of masonry and of earth are the ones

usually consitlered.

The earthen embankment is the most common form of dam.

It can be built on a variety of foundations; it is commonly the cheapest

form, and when well designed and executed is an entirely safe and

reliable .structure. Where flood waters have to be passed over a

dam some other material than earth must be used for at least the

portion of the structure subjected to water action. Water flowing

over an earthen embankment is inadmissible, many failures having

been caused by such occurrence, due to faulty construction. For

dams higher than 100 feet or thereabouts few engineers would recom-

mend an earthen structure. If the foundations are suitable, a
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inasoiirv dam is iii sucli cases <;ivatly to l)e jjreferred. It is more

reliable, and with the <freat pressures oeeurring it is desirable to have

all outlet arrangements bulk in masonry.

The general requirements of a good foundation for an earthen

dam are that an impervious stratum can be reached at a moderate

depth, and that the material near the surface is sufficiently compact

to support the load. A compact clay or hardpan makes the best

foundation. Solid rock is also good if not fissured. Embankments

of earth have been successfully constructed on foundations of sand;

but in such a case it is important that the sand be fine and of a uni-

form character, containing no streaks of coarse matei'ial which will

offer little resistance to the flow of water.

Earthen dams are of a trapezoidal form with top width, side

slopes, etc., proportioned according to the material used. Where good

material is at hand in sufficient quantities the entire embankment

may be made of uniform consistency and all as nearly water tight

as possible. Usually, however, it will be more economical and give

as good results to put the best material near the upper side of the

embankment, changing gradually to the more porous materials

towards the lower face. Where good material is scarce, impervioiis-

ness is usually obtained by means of a wall or "core" of impervious

earth or masonry placed near the centre of the dam. If impervious

foundation is reached only at a considerable depth, this portion

only of the embankment is carried to the extreme depth.

Various kinds of material can be used to make an embankment.

Loam, sand, gravel, and day, mixed in various proportions, are com-

mon. Eor the first three to be impervious they must contain a certain

proportion of clay, the amount required depending upon the varia-

tion in size of the coarser particles. The suitability of a material

for embankment construction can to some extent be determined ])y

experiments. It should be strongly cohesive and plastic when mixed

with water, and should be impervious; but the correct valuation of

natural mixtures recjuires much experience in their actual use in

construction.

If good material does not exist already mixed, artificial mixtures

of gravel, sand, and c-lay may be used. A fairly uniform sand or

gravel contains about 40 per cent of j)orous sj)ace. If then a mixture

be made of coarse gravel, fine gravel, and sand, in each case just
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enough of the liiu-r material being used to (ill the interstices of the

next coarser, there will he in the mixture a porous space equal to

.40 X .40 X .40 = 6.4 per cent, which will represent the proportion

of day necessary to make the mixture imperv-ious. In practice it

will take considerably more to insure the filling of all the interstices,

as much as 1 5 or 20 per cent, depending upon the nature of the gravel

mixture. In any case the percentage of voids in an artificial mixture

can be readily determined by tests with water.

45. Core Walls. For a puddle wall of clay the minimum

thickness ordinarily used is 4 to 8 feet at the top and about one-third

the depth of water at the bottom, with a uniform batter on both

faces. The trench is also usually made with a batter, the width

at the bottom being one-third to one-half that at the ground level,

with a minimum of 4 or 5 feet.

Instead of a core of puddle, many engineers prefer a core of

rubble masonry or of concrete, made as impervious as possible.

The advantages of this over a core of puddle are its safety against

attack by burrowing animals, safety against wash in case minute

leaks occur, and the greater certainty with wlMch a concrete wall

can be made impervious, especially where it joins the foundation.

Masonry core walls are made of various widths. Sometimes

in case of embankments made of good material, they are made only

a foot or two thick, their purpose being mainly to prevent the passage

of burrowing animals. Ordinarily, however, a core wall is made

2 to 4 feet thick at the top, with a batter of h to | inch per foot on

each side down to the trench and then with vertical faces below.

The height of a core wall should be equal to that of the highest

water level.

Figs. 13, 14 and 15 show cross sections of several forms of

embankments. Fig. 13 is without core wall except in the trench,

Fig. 14 has a core wall of puddle and Fig. 15 one of concrete.

46. Dimensions of Embankments. On the water side the

slope is usually protected from wave action and should only be

sufficient to prevent slips. With coarse material this need not be

flatter than 2 horizontal to 1 vertical. With finer material it may

need to be 2V or 3 to 1, or in some cases even 4 to 1, since earth in a

saturated condition has a comparatively small angle of repose. On
the lower side a slope of 2 to 1 is to be recommended, although 1^
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to 1 lias froqiuMitly ]>oeii used. If tlic inatcrial will stand at 1 to 1,

jis broken stone, for example, then a sloj)e of 1 ] to 1 wonld be snitable.

On high embankments, bermes placed 30 to 40 feet apart vertically

are a desirable feature.

^*^^kfe?-^>^/^"

FifT. 13. Reservoir EmbauUmout, Sj-raciisc, N. Y.

|0 l0'^(/30'

Fig. 14. Reservcnr Embaukmeut, Glasgow Waterworks.

O' lo' VO 30' W
I I 1—I—

'

Fig. 15. Reservoir Embaukmeut, Boston Waterworks.

The top of the dam should extend sufficiently above the high-

water line to protect the material expo.sed to water action from fi'ost

and to give a safe margin against overflowing. This will be e(jual

to the depth reached by frost })lus an allowance of 2 to 5 feet for

wave action, depending on the exposure to winds and the depth

of the water.
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The widtli of top is frequently fixed hy the Fequirements for a

roadwiiy. Where not so fixed it is made to vary with the heitrjit

—

from () to S feet for very low em))aiikments to 20 or 25 feet for embank-

ments SO to 100 feet hi^h, or, approximately, width = \ h ^ 5 feet,

where, h = hei<i;ht of dam.

47. Construction. In preparing the foundation the surface soil

must be removerl over the entire site of the embankment to a depth

sufficient to reach good sound material. All roots, stumps, and other

perishable material must be removed, as any such material by decaying

offers a passage for water. For the portion to be occupied by the core

wall, if one is used, and a certain width in any case, the foundation

must be excavated to an impervious stratum of solid rock or clay, and

penetrate for a short distance such stratum. A soimd bottom having

been reached the surface should be roughened in order to give a better

bond with the earth filling ; and if the material is solid rock, all holes and

crevices must be thoroughly cleaned and filled with cement or concrete.

After the foundation has been prepared the trench is first filled

with the material selected. If puddle, it should be placed in 4- to

G-inch layers well rammed, or cut and cross cut with thin spades

reaching well into the layer below, just enough water being used to

render the material plastic, Where pudtUe is used in a narrow wall

it is advisable to prepare it before placing by thoroughly pulverizing

and tempering it with water, no more water being used than abso-

lutely necessary. Puddle should be thoroughly worked and homo-

geneous. If concrete is used, special care must be taken to secure

thoroughly good work in mixing and ramming, and in filling all

irregular spaces in the excavation.

After the core is built to the surface, or a little above in the

case of concrete, the main embankment is started. If the material

used varies in quality, the finer and better should be placed above

and adjoining the core wall, and the coarser placed on the down
stream side and near the faces. If no core wall is used, the better

material should still be j)lac('d in the up stream porticm of the em-

bankment. Stones exct'cding 'A or 4 inches in diameter should not

be allowed in the eml)ankment except along the faces. The embank-

ment is compacted usually by placing the material in layers fi to 12

inches thick, wetting, and rolling with a lieaw grooved roller weighing

200 to 300 pounds per lineal inch.
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Mucli ii)ij)()rtaiice is attached to tlic work of (•oinj)a('tin(]:;, and

only hy the best of supervision can work l)e secured. The use of

water slu)uld be just sufficient to render the material plastic and

capable of being packed, and no more. An excess of water makes

rolling more difficult and increases subsequent settlement.

The up-stream slope must be protected from wave and ice action.

This protection is usually afforded by a closely laid pavement about

18 inches thick laid on 6 to 12 inches of broken stone or gravel.

Below low-water line a good layer of riprap is frequently substituted,

the paving ending at a berme. The foot of the paving should be

well supported by large blocks of stone or concrete. The down-

stream face is usually sodded for sake of appearance and as a pro-

tection from rain, but may be protected by gravel and coarse material

if more convenient.

48. Outlet Pipes. The design and construction of the outlet

arrangements is one of the most important and at the same time

most difficult features of the work. This is chiefly because of the

difficulty of laying pipes or building masonry conduits through earth

embankments in such a manner as to secure a perfect and reliable

connection between the two materials. Poor work at this ])oint is

one of the chief causes of the many failures of earth embankments.

The outlet pipes are usually of cast iron and may either be laid

underneath the embankment and surroimded thereby, or a culvert

of masonry may be constructed in the embankment and the pipes

laid therein, or they may be laid in a tunnel constructed in

the natural ground at the end of the embankment or at some more

remote point in the reservoir. A gate chamber (containing the

necessary valves is located at some point along the outlet pipe or

conduit.

In the case of reservoirs with comparatively low embankments

the outlet pipes are usually laid beneath the embankment at or near

the lowest point. They should be laid on a good firm foundation

in the natural ground, and should preferably rest upon and be sur-

rounded by a bed of S to 12 inches of rich concrete, well ranuned

into the trench and left rough on tlie outside. To enable the earth

to be more thoroughly bonded with the concrete, cut-oH' walls should

be built projecting out from the main body of the concrete, 1^ to

2 feet, as shown in Fig. 16.

124



WATER SUPPLY 59

Foi- soiiK' reasons an ojx'n culvci't is inncli (o Ix- pictVi red to a

simple \n\)v. Once constrneted, julditional pipes may be laid therein

at any time; the pipes may also he readily inspected, and any leaks

that occur in them do not endanger the structure, a matt<'r of especial

importance where the j)i{)es are under heavy j)ressurc. The same

precautions must he taken in tiie construction of culverts as in the

laying of ])ipcs. 'I'hey must have a good firm foundation and a

good bond with the surrounding embankment. Imperviousness is

secured by the use of a rich mortar and by plastering on the outside

with Portland cement mortar neat or 1 to 1. Cut-off walls or pro-

jecting courses should be built around the outside at intervals as

described for pipe outlets. At the connection with the gate house a

cut-off wall is put in through which the pi})es pass, and which must

sustain the full head of water.

Figs. U) and 17 show the two general methods of laying pipes

through embankments.

Fig. 10. Section Tliruugli Minneapolis Reservoir.

49. Gate Chambers. 'Fhe gates or valves controlling the flow

through the outlet pipes are placed in small masonry chambers,

which, besides allowing of convenient operation of and access to the

valves, also usually contain screening chambers and valve arrange-

ments whereby water may be drawn from different levels. Gate

chambers are preferably placed at or near the upper end of the outlet

pipes in order that the pressure therein may be under control. They
are, however, sometimes placed at the outer toe of the embankment,

but this is undesirable, as it is impossible to shut off the water from

the j)ipes in case of leakage except by the use of divers. Fig. 16

shows the gate chamber placed near the middle of the embankment,
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while Fi;^:. 17 sliows it placed at the upper end of the outlet pipe.

One advantage of the latter arrangement is that water may be drawn

from different levels so as always to

get water of the best quality. Fig. IS

slioMs a gate chamber for a small

works located as in Fig. 17.

The masonry of the chamber is

usually of heavy rubble, faced with

ashlar and lined with hard brick or

cut stone. It should be laid in ricli

Portland-cement mortar to secure im-

perviousness. The walls will vary in

thickness with their unsupported

length, or the size of interior cham-

ber, but the exterior walls are usually

made 3 to 4 feet thick at the top, with

an increase of about three-fourths

inch to 1 inch in thickness per foot of

depth, the batter being made on the

outside for convenience and to fur-

nish a better bond with the earthwork.

Interior walls may be made of slightly

less thickness. The foundation should

be prepared with great care, as un-

equal settlement is liable to occur,

causing cracks in the masonry of the

culvert and displacing the outlet

pipes.

Fish screens are usually co])per-

wirc screens with J, to {-inch mesh,

fastened to wooden or iron frames

and arrange(l to slide in grooves in the

masonry. Tiiey are arranged in pairs,

and each screen is made up of several

Fig. 17. Section ThrouRh Embank sections of a sizc convenient to liandle.
meul and Gait' ChaiulKT.

i i
•

i

J he aate chanu)er is surmounted

by a gate hou.se in which is located the operating mechanism of

valves and screens. As this building is frequently cjuite prominent,
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it is important that it 1)0 ^avcii an artistic treatment snited to the

snrroundings.

50. Waste Weirs. As already noted, one of tlie most frnitfnl

causes of reservoir faihires is insufficiency of waste weir capacity,

resulting in the overflowing of tlie dam and its rapid destruction.

MtMition UMcd only be made of the terrible Johnstown disaster in

ISSO, whei"e, on account of insufficient wasteway, an earthen em-

bankment was destroyed, resulting in the loss of over 2,000 lives

and the destruction of propcTty valued at 3 to 4 million dollars.

SI&Tce-" „

S&fce-^

Concrete.

Sluice

Waste PipQ

Fig. 18. Gate Chamber, Ipswich, Mass.

In section 14 the subject of maximum flood flows was fully dis-

cussed. The maximuhi flood having been estimated, it remains to

provide some safe means whereby it may be passed to the valley

below.

This is done in three different ways: (1) A wasteway may be

excavated in the natural ground at one or both ends of the dam.

Where the foundation is of rock this is a very safe and effective form

of wasteway.
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(2) The wasteway niav sonu'tiiiK's be foriucd at some low

point in the thvicHng ri(l<i;(', and the water led to another valley.

(3) The third form of wasteway is provi(l(>d by making a

portion of the dam of masonry designed as a spillway, and placed

at about the axis of the valley. The forms of such dams are dis-

cussed in detail in section 54. At the junction of the masonry and

the earth portions, the lower slopes of the embankments must be

retained by heavy wing walls built out from the masoiu-y dam.

The rec[uisite capacity being known, the length and depth of

weir are to be determined. Either may l)e assumed and the other

computed by means of the weir formulas as given in "Hydraulics."

Weir heights will ordinarily range from 2 to 4 or 5 feet, with lengths

of 50, 100, or even 500 feet, or more, depending on the retjuired

capacity. In any case the ,flood line determines the height of the

main j)art of the dam, while the weir crest determines the storage

capacity.

HASONRY DAHS.

51. General Conditions. Dams of masonry can safely be

built only upon very firm foundations. Low dams of a height of

20 or 30 feet, and occasionally higher, have been founded on firm

earth, but high masonry dams should be constructed on nothing less

substantial than solid rock. In any case it is necessary to prevent

practically all settlement, for with a material such as masonry any

a})})reciable settlement is (juite certain to cause cracks.

Alasoiuy dams are designed in accordance with theoretical

considerations so as to fidfill the following conditions: (1) The

dam must not overturn or slide on its foundation, and (2) the pres-

sures in the dam or foundation must be within safe limits.

The first consideration will govern the design of all dams up

to a heiirht of 100 feet or more and are therefore the only considera-

tions which will be taken into account here.

Dams up to 30 or 40 feet in height are usually made trapezoidal

in form, the saving obtained by making the faces curved or on broken

lines not being enough to justify the extra trouble.

Ix't AB I) C, Fig. 19, be a section of a trapezoidal (him. Let

the (Hmensions b(> as represented in the figure, b'lulhcr, let w =
weight of a unit volume of water, and w' = weight of a unit volume
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i^.-.a--.^

of iiiasoiirv. Let a — specific i^ravltv of tlic iiiasmirv

The water pressure is represented hy P and tlie weight of the

dain In' ^', and it is assumed that the water level is at the lop of the

dam We will consider a len<fth of dam
of one foot. The heii:;ht is known and

the top width rt and front hatter //i are as-

sumed. Usually the front face A C is

made vertical, <>r at a sli<^ht hatter of

one inch to the foot or so. In the

former case wi=0 and in tlie latter

111 = -jV, //.

From principles of mecham'cs we

find the followin>^ value of the width

of base I,

r---77

• / 4
Fig. 19. TraiJBzoidal Dam.

^ = i^A + B" - B
in which

and

(3)

A = ii"^ -\- 2 a m -\- ——I

'-

9 <J

^ m m a

In solving problems tlie numerical values of A and B should

first be obtained and these values then sui)stituted in (he formula'

(3) for /.

If m = 0, as for a vertical face, then

I ^T'' (4)

Example. What width of base will be re<piired if // = 20 ft.;

a "-= 5 ft.; and the weight of masonry be considered 2.3 times the

weight of water, or g = 2.3. Let value of m l)e 2 feet, giving a

batter of 1 in 10.

Getting first the values of A antl B we have A^=oX5 + 2X
5> 2 i^

2.37.
,
20 X 20 2X2

5 X 2 + X = 221 B
2.3 2 2

'Then / =
i 221 + 2.37 X 2.37 - 2.37 = 12.7 ft. Ans.
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For tlains cxceedino; 30 or 40 feet in heiglit, it is economy to

build the lower face in the form of a cvn-ve or hroken line. The

simplest way of calculating the section of such a dam (uj) to a height

of 100 feet at least) is to treat it at first as similar to the form pre-

viously considered, but with a vertical upper face and top width of 0.

Then the formula for bottom width becomes

1 = -^ (5)
1 J/

This gives the triangular section A H C in Fig. 20. This form can

then be nuxliiicd by adding a suitable width a at the top and joining

the j)()int F with the sloping face A C by a

smooth curve F D.

52. Top Width and Height Above

Water Line. If the dam is to l)e u.s(>d as

a driveway, the top wi(itli will have to be at

least S feet besides width of paraj)ets.

Otherwise the width and height above high-

water line must be such as to secure sta-

bility against wave and ice action as just

noted, and to ])revcnt waves from washing

over the top. In practice the width varies

from a mininunu of 4 to "> fret for low dams to b") or 20 feet for

very high dams; and the height above high-water line from 2 or 3

feet to about 10 feet. In some cases much larg(>r dimensions may

be required for low dams than those given.

53. Construction. For large dams the foundation should

be solid rock. In j)repariiig the foundation surface all loose and

partially (lecomj)osed material should be excavated untjl a firm base

is reached. If the bottom is smooth it should be roughened by

excavating shallow cavities in the rock. At j)oints where crevices

occur the excavation must be carried down to a solid bottom and

all loose material must be removed. xVfter an acceptable surface

is reached it should be thoroughly washed or scrubbed with water

in order that there may be a secure bond between the foundation

and the masonry.

Uncoursed rubble or concrete is usually cnij)loye(l in dam con-

struction. The object to be attained is to secure a homogeneous

Structure, free from all through joints or weak places i)f separation.
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Coiicrctc, well jjlaced, is in tliis ix^spect an ideal material. Rubble

masonry, in whicli ail joints are thoron^hly filled with mortar, and

larger spaces with concrete, has been used for most of the hif^h dams.

In constructing the masonry the principal points to be empha-

sized are clean surfaces, irregular surfaces, joints absolutely filled

with compact mortar, great care to give good bedding, and constant

su])ervisi()n. ISIortar and cement should be thoroughly ranuned

into all spaces, using for this pur{)ose suitable forms of rammers.

In the construction of dams of moderate height, earth backing

is often carried up to the water level with a slope of 2 or -3 to 1 , as

in an earthea dam. If a dam is located on a porous or bad foundation

or on one of earth, a good, compact backing will much reduce the

perci. lation under the dam, and therefore the tendency of any upward

pressure, and will add considerably to the safety of the structure.

It is especially aj)j)Ii(abl(' to spillways in earthen embankments.

I'he arrangements for drawing water from the reservoir are

similar in general to those described in the last chapter. The outlet

pij)es are built in the masoniy at or near the h)west point of the dam,

and terminate in a gate chamber constructed just above and in con-

nection with the dam. The gate chamber has the same functions as

explained in the case of earthen eml)ankments. No danger is here to

be apprehended from constructing the pipes in the l)ody of the dam.

54. Masonry Waste Weirs. JNIasonry dams are not usually

designed to allow water to pii.ss over their entire length, but a certain

portion only is made ty act as a waste weir. The form of a masonry

weir depends much upon local conditions, chief of which are height

of dam, character of foundation, amount of ice and driftwood to be*

expected, and (juantity of water to be provided for. A weir is essen-

tially a dam with its top and lower face so constructed as to permit

the water to pass over it without damage. Besides the design of

the profile, the protection of the stream bed below the dam is a very

important feature, as many dams have been undermined by failure

at this point even where the bed has been solid rock.

Figs. 21, 22 and 23 show three forms of waste weirs. Fig. 21

permits the water to fall vertically and is suitable for small heights;

Fig. 22 is preferable for larger cpiantities of water and greater heights;

while Fig. 23 represents a form of construction suitable for the

largest dam.'s.
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55, Timber Dams. Where a dam is constantly submerged,

a timhei- structure is of a permanent nature, antl will need repairs

only on account of the wear of

the apron. A timber dam may

also be advisable in certain cir-

cumstances even when its life

will be short, as, for example,

where a temporary supply may
be furnished pending the con-

struction of more permanent

works, or where the expense of

|'W^:'^'/^^?^t ''^^SM/i^ permanent and costly structures

Fig. 21. Waste Weir. j^ f^,. the prcs(Mit pi-ohibitory.

Such dams are, however, used mostly for tliversion j)ur})oses or for

water power, and seldom for the

storage of large volumes of water. ^
Timber dams may be con-

structed on any kind of a founda-

tion, but arc usually built on rock

or on a gravelly bed. They con-

sist of cribs or frames built of

logs or squared timber, (illed with

ston.e and clay, and ])lankeil over to render them water-tight. They

may be built as separate cribs in

sections, each .section consisting of

perhaps 3 to 4 cribs, or as one con-

tinuous framework. '^Fhe former

metluxl is especially useful in deal-

ing with large flows and irregular

foundations, the stream being

gradually clo.sed as the sections

are constructed. The cribs may

also be filled and sunk .separately

so as to form piers on which a

continuous structure may be
Fig. 23. Waste Weir.

liiiilt

The foundation of a crib dam. if .soft, is prepared by dumping

stone over the area (o be built upon. In the framed dam the fouiida-

Fig. 22. Waste Weir.
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tion must Ir' more carefully prepared. Where it is soft the dam is

supported (»n j)ilin^, and sheet-piling is used to prevent underflow. If

the dam is huilt on a roek l)ottom,it must Ik- holted thereto. Tlie

framework is usually built w ith a sloping upper face and a series of

Fig. 21. Timber Weir.

stepped aprons below, or a single free wall to a water cushion. Roek

and gravel, or puddle, is used for filling. Fig. 24 shows a form of

dam on pile foundatioas and Fig. 25 a dam anchored to solid rock.

56. Loose Rock Dams. Dams composed largely of loose rock

have been used to a considerable extent, and in some respects present

'^-^!^-'^-^""-^^l>^-¥-4:'
''? !g^!^'?'g !y^^!

Cross Section.

Fig. 2.5. Dam Anchored to Rock.

Side devotion •

considereble advantages as to stabilitv. Another advantage is that

they can be constructed in running water, but the finished dam is not

suited to act as a waste weir.

The body of the dam is made of loose rock placed with more or

less eare, and rendered comparatively impervious by a sheathing of
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])lank, or by a facing of earth or fine material on the upper face, or, as

in one ciuse, by a c-ore of steel. As regards stability the principle of

construction is of the best. Since consideralile percolation is likely to

take })lace, such a (Uun cannot be founded on a material liable to scour;

and if the dam is high, the foundation should be soHd rock. The lower

slope is usually 1 to 1, while the upper slope may be made ^ or \ to 1

;

but to secure these steep slopes it is necessary to lay the stone for a

consideral)le thickness as a dry wall. Above this wall the facing of

timber or earth is placed. The former material is objectionable co

account of its perishable nature.
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PART II.

CONDUITS AND PIPE LINES.

PIPES.

„ naterials and Stresses. Where tl.e source of supply is

at a eonsklerable clista.ue fro.n the place of consumption the des.gn

In construction of the necessary works for con.luctmg the water ,s

r'natter ot great importance an,l .lemands spec.al eonsuWraf, ,.

l-liy a .lisunt source is at a higher elevation than the ctty to he

lrve,l so timt it will he possible to convey the water partly or who ly

Ty™ ity. In manv <.aLs, however, a part or the wl,ole of the water

.^irn-„u re pumping, so that the .lesign will also n.volve a stu.ly of

1,1 pumping arrangen,ents. It will usually he necessao- to

settler 'severaldesigns based upon different locat.ons and often

iiDon different types of conduits.
, ,- ^t^

A varietv of materials may be employed for the construct.on o

water eon.luits. If the conduit is not under pressure the form o

Instruction use.l may be an open canal dug nr the ™ "™1 ->*• "

a masonry conduit in "cut an,I cover," or a tunnel. \ here the water

floTs un<L. pressure the first two types are not su.table and a p,pe.

or po.s.sibly a tunnel, must l>e employed.

'

The materials u.sed for water pipes are ...st """.;"•"•«';

stee, wood, cement, vitrificl clay, lead, and occasumally a few other

^tJrials. The in.K.rtant requirements for a water P'Pe -^ -|^. ;

. durabilitv, and low cos,. The reUabve nnportanee
f* *^;

ments will varv under different circumst.ances, and tins wdl had to the

use of different materials in .lifferent cases.

The ten,sile .stress in a water pipe un,ler pressure ,s guen bv the

formula in section 10, of Hydraulics,

i' = if (6)

Cop,rlgl,l. .,«. H Mrlca^SclMl of rom^nd,^..
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wlicre S = tensile stress per scj. inch

p = pressure in lb. per scj. in.

r = radins of the pipe in inches,

/ = thickness of pipe in inches.

If ^/ represents the safe tensile strengtli of a pipe material, then

the recjuired thickness to resist the pressure will be given by the

formula

t = f- (7)

Example. What will be the recjuired thickness of a steel pipe

3 ft. in diam. for a water j^ressure of 100 lb. per s(p in. assuming the

safe stress = 10,000 lb. per s({. in.

100 X 18 ,,, . ,

rrom tormula ^ , f = '~
'^7^l^f^,v

^^ -b^ nicli. Ans.

Besides the stress due to steady water pressure, the pipe must be

strong enough to resist the shocks due to the sudden stoppage of

flowing water, called waicr hammer, also the pressure of the surround-

ing earth and the action of other outside forces, changes of tempera-

ture, and blows and shocks received in transportation and construc-

tion. The stresses due to these additional forces cannot be accurately

calculated; but they are allowed for in practice by various empirical

rules.

58. Cast=Iron Pipe. Cast iron is the most widely used

material for water pipe. By reason of its moderate cost, its durability,

and the convenience with which it may be cast in any desired form

it is almost universally employed for the pipes and various special

forms of distributing systems. It is also frequently employed for

large pipe lines, and is now easily obtained in any desired diameter

up to feet or more. Cast-iron pipes are made in lengths of about

12 feet, which are joined together usually by the bell-and-spigot

joint run with lead. Branches and other irregular forms are used for

connections. These are called special castings, or sim|)ly "sj)ecials."

A fonnula for the thickness of cast-iron pijx' a|)|)li<ablc to

diameters up to '5 feet is as follows:

/ -^ (p + 140 -4r)
,

,,^. .o^

8300
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wlicre t = thickness in inclics;

p — static pressure in pounds per s((Uiire Ineli;

r = radius of pipe in incjies;

0.25 = allowance for eccentricity, deterioration, ;ind safety

in handling.

Tn Table No. 10 are given tlie thicknesses of pipe for various

pressures, also the average weight per foot, an<l the total weight of

12-foot lengths, as employed by the Metropolitan Waterworks, of

Boston.

TABLE 10.

Thickness and Weight of Water Pipe.
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Curves of largo i-adius can be constructed with straight pipe by

deflecting each length slightly. In this way it is possible, with a

reasonable deflection, to lay 4 to S-inch pipe to a curve of 150-foot

Fig. 36. Staudiird Bell and Spigot.

radius, a IG-inch ]ii]>o to a 2r)0-foot radius, and a .SO-inch })ipe to a

500-foot radius.

TABLE 11.

Dimensions of Standard Bell and Spigot, Metropolitan

Waterworks, Boston (Fig. 26).
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sleeves, caps, and plugs. The varitjus forms are illustrated in Fig. 27.

Many of the larger cities have their own standard designs for specials

as well as for straight pipe, which differ more or less from the manu-

i Bend.

,

1 Bend.

Offset. Cap. 'Y Branch.

Four-way Branch.

Fig.:

Blow-off Branch.

Special Cast-iron Pipe Fittings.

Sleeve.

facturers' standards. For the smaller cities it will be much the

more economical to use either the manufacturers' standards or those

of some neighboring large citv.

The various branches are manufactured either with part bell and

part spigot ends, or with all bell ends. The latter form is usually

preferred for branches, as it enables connections to be readily made

by means of pieces of pipe.

61. Wrought Iron and Steel Pipe. Wrought iron and steel

have been used to a considerable extent for water pipes, and for large

141



74 WATER SUPPLY

pipe lilies tlicsc materials present considerable advantage over cast

iron. Since steel is nmcli stronger than cast iron, the nse of it will

give a mncli lighter pi}>o, an advantage as regards transportation,

bnt a disadvantage as regards dnrability, especially for small sizes.

Special forms are not so readily constructed of stpel, so that for dis-

tributing mains cast iron is much preferable. Another disadvantage

of steel ])ipe is that with the ordinary riveted joints a considerably

larger pipe is required than if a smooth cast-iron pi])e is used on

account of the increased friction.

Small sizes of pipe may be made by means of the lap-welded

joint, or the spirally-riveted joint, or the longitudinal lap-riveted

joint. Such pipes are made in sections of 12 or 15 feet which are

connected in the field in various ways, suph as by a screw coupling,

or })y means of a cast-iron bell and a spigot consisting of a steel or

wrought-iron band, or by riveting, or by merely driving the sections

together. For large sizes riveted longitudinal and circular joints are

usually employed. Single sheets are bent and riveted to form one

section of pipe, which may be made either cylindrical in form, or

made with a slight taper and the sections put together stove-pipe

fashion. The design of the riveting is too large a subject to be taken

up here.

Changes in direction are usually made by forming one or more

joints at a small bevel. Two or three standard bevels of small angle

may be adopted, and any desired curve made by the use of one or

more of these bevels. Branches, etc., for the ordinary sizes of pipes,

are usually made of cast iron and are riveted or bolte(l firmly to the

steel pipe. Valves are joined to the pipe in a similar maimer by

means of cast-iron flanges.

62. Wooden Pipe. The manufacture of l)ore(l pipe for water

mains has been somewhat revived in recent years, and a considerable

amount of such pipe is now manufactured under the name of "im-

proved Wyckoff pipe." The pipe is made from solid logs, but it

de})ends for strength upon spiral bands of flat iron which are wound

tightly about it from end to end. The exterior of the pipe is coated

with pitch as a protection to the bands. The joints are m^de by

means of wooden thimbles fitting tightly in mortises in the ends of

die })ipe, and, in laying, thp sections are driven together by means

of a wooden ram. The interior surface is smooth and continuous.
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The pipe is made in sections S feet long, and in sizes from 2 to 17

indies in diameter. 'JMie bands are spaced according to the pressure,

liraiuli connections are made l)y means of cast-iron .specials which

have long sockets into which the wooden pipe is driven. About

1, ')()() miles of this ])ipe is reported to be now in use. Tt is very

durable and is said to co.st somewhat less than cast iron where the

transportation charges are not excessive. Wooden stave pipe is

another form that has been extensively used in the West.

The (lural)ility of wooden pipe is chiefly a question of the life

of the bands. Wood, itself, when kept saturated with water, has an

almost indefinite life, old water mains in Philadelphia, New York,

and Boston having been found perfectly sound after sixty or seventy

years of u.se.

63. Vitrified Clay Pipe has been employed in a few places

for conduits. It is cheap, indestructible, and when the joints are

carefully made the leakage is very small. It is generally used under

no pressure, but in one or two instances has been designed to carry

considerable pressures.

64. riaterials for Service Pipes. Service pipes, or pipes

for comlucting water to individual consumers, are made of a con-

siderable variety of materials. Galvanized, tin-lined, lead-lined,

aiul cement-lined iron pipe are Avidely used, but the most common is

lead pipe. Lead pipe is practically indestructible, but rather ex-

pensive and heavy for high pressures. In some places it cannot be

used with safety on account of the danger of lead poisoning. Certain

waters only will attack lead to a sufficient extent to render its use

dangerous, but, despite the study that has been put upon the subject,

it is not yet fully known, without actual experiment, what effect

various classes of waters will have.

Tin-lined pipe .is now being used to a considerable extent. It

is (piite expensive, but the experience with it so far indicates that it

may be very din-able.

CONSTRUCTION OF CONDUITS.

65. Classes of Conduits. Conduits are divided into two

general classes: (1) those in which the water surface is free and the

conduit therefore not under pressure, and (2) those flowing under

pressure. To the first class. belong open canals, flumes, acpieducts,
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and usually tunnels, and to the latter belonf^ pipe lines of iron, steel,

wood, or other material eapable of resisting hydraulic pressure, and

sometimes tunnels. Conduits of the first class must obviously be

constructed with a slope equal to that designed for the water surface,

or equal to the hydraulic gradient. This will be a very light and

uniform slope, and such conduits will therefore often require in their

construction long detours to avoid hills and valleys, or resort must

be had to high bridges, embankments, cuttings, or tunnels. Conduits

of the second class may be constructed at any elevation below the

hydraulic grade line.

Long conduits usually include both masonry aqueducts and

pipe lines, each class being used where most suitable. The former

is used as a rule where the ground lies near or above the hydraulic

grade line, and the latter where it lies below for any considerable

distance. High and long aqueduct bridges are no longer built, a

pressure conduit being substituted, which may follow the ground

profile closely.

66, Canals. The open canal is not often used for conveying

water for city use, but for irrigation purposes it is the common form

of conduit. For the former purpose it has several objections, such

as loss of water by percolation and evaporation, exposure of water

to pollution from surface drainage and otherwise, and exposiu-e to

summer heat, which not only warms the water but promotes vegetable

growth. However, where a canal can be constructed with little

cutting or embankment, and where the material is nearly impervious,

it may be the best form of construction.

The allowable velocities for unprotected canals vary from about

ll to 2 feet average velocity for light sandy sbils, 2h to 3 feet for

ordinary firm soils, and 3 to 4 feet for hard clay and gravel. In rock

or hardpan 5 to G feet may be allowed. A velocity of 2 to 3 feet per

second is sufficient to prevent silt deposits and the growth of weeds.

The velocity and discharge for any given slope and cross-section

is calculated from Kutter's formula as explained in Hydraulics. In

using this formula the selection of a proper value of n is a matter of

much uncertainty. For unlined channels it is usually taken at .020

to .025. If vegetation is allowed to accumulate in the canal, a large

allowance must be made for increased resistance caused thereby.

The cross-section of a canal is usually trapezoidal in form. Fig. 28
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shows a scc-tion built ])rincij)iilly hy cinhankinent. ^'lay puddle is

j)la(('(l ill tlie center of each embankment.

Side sloj)es in onHnary soils will vary from 1 to 1 for hard clay

and gravel, to 3 to 1 or 4 l:o 1 for fine sand. The tops of the bank

should be from 1 to 2 feet above the water line. If the soil is very

porous, a lining of concrete or puddle may be" necessary.

At sharp bends, and wherever the velocity exceeds the safe

velocity for the material, some form of revetment is necessary. This

may be merely a layer of gravel, or a paving laid dry or in cement,

or a layer of concrete, according to the velocity of the water.

AVaste weirs and sluice gates should be provided at intervals

along the canal to prevent flooding and to permit of rapid emptying,

but the flow in the canal is regulated for the most part by sluice gates

at the head of the canal. These and other forms of canal gates are

supported either by masonry walls or by timber framework.

Canals are carried across valleys on trestles or bridges, or, in

the case of short crossings, on emloankments with a culvert or arched

Fig. 28. Canal Section in Embankment.

bridge beneath . Under crossings are made by means of inverted

siphons of pipe.

67. Masonry Conduits. For conveying relatively large quan-

tities of water over territory where thd conduit can readily follow

the hydraulic grade line, the masonry conduit is a preferable form

of construction. If properly constructed it is very durable, requires

little attention, and if the topography is favorable it is much cheaper

than large pipe conduits of iron or steel. Masonry is unsuited to

withstand tensile stresses, hence it is not used to convey water under

pressure. IMasonry conduits should not often be employed for cross-

sections less than 10 or 15 square feet, for, unless the location be very

favorable, their cost for such small sizes is likely to be greater than

that of steel or iron pipes. The ^Tlocity should preferably be such

as to prevent deposit of sediment, which requires 2^ to 3 feet per

second averaije rate: and for brick or concrete masonrv it should

not exceed G or 7 feet per second. Higher velocities may be allowed
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if stone liiasonry of hai-d material is employed, or if a lining of iron

or steel is used. If sufficient head is available, a smaller conduit

\\\\\ result if the velocity is made as large as the material will stand

without dangier of excessive wear.

Kutter's formula is usually employed in these calculations.

(See ITydraiilics.) The value of n to be used will vary with the

character of the masonry about as given in Hydraulics.

Brick is the most suitable material for linings, and is connnonly

used also for the entire arch crown. For the side walls and founda-

tion, rubble masonry or concrete

is employed. For places of great

wear paving brick in cement is a

good substitute for granite. Con-

crete is better suited than either

stone or brick for irregular forms

and especially for light sections.

For small aqueducts a rectangu-Fig 29 Uallei \ \ itnu I Watei \\ oi ks

lar'form has often been used, as in Fig. 20, the cover being of stones,

slabs, or arches. For large sizes the horseslioe sha})e is better adapted,

as shown in Fig. 30, which represents the form adopted for a large

conduit for Boston.

The thickness of the arch is made about one-tenth to one-sixth

the width of the Opening, and of two, thiee, or four rings of brick,

or a corresponding of concrete.

depending on span and weight of

coveriuii. The arch is generally

sefjmental in form. The invert,

ill compact ground, is nuide only

thick enough to secure a firm and

impervious bottom, two or three

rings of brick, or a thin layer of

concrete with brick lining, bcMiig

usually employed. A timber fouli-

dation and sometimes piling may

be recjuired on soft soils. Settlement must be reduced to vfery low

limits, or cracks and leakage will result. It is unnecessary to state

lliat ill work of this kiiul the masonry nnist be constructed with the

most careful supervision. Coilcrete and stoiie masonry should be

In Loo^e Earth
j

In CompactEarth

Fiif. 30. Forms for Large Couduit.
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given one or two fiiiishiiif^ coats of thin neat cement to secnre imper-

viousness, the last coat to be finished as smootli as practicable. If

carefully done, and no settlement occurs, the leakage will be slight.

The atineduct should be covered to a depth of 3 or 4 feet to

prevent the formation of ice and to protect the masonry. Emi^ank-

nients should be given a slope of 11 to 2 horizontal to 1 vertical

according to the nature of the material. They should be trimmed

to a rounded outline ami then sodded.

Culverts for crossing small streams, and bridges for larger ones,

are a part of the design. Some of the most monumental works of

history are the bridges which have been built for carrying acjucducts.

Large acpieduct bridges are now seldom constructed, pipe lines being

substituted, l)ut bridges of moderate size will often be the more

economical design.

68. Pipe Lines. As to location^ a pipe line must follow in

general the variations of the ground surface, and such a Ideation

should be selected as will enable it to do so and at the same time

give low pressul'es.

Where the total availaljle head is fixed, the size recpiired for any

given capacity is readily determined by the table of the" flow of Water

in pipes in Hydraulics. In case the water contains suspended matter,

it is desirable to maintain a self-cleansing velocity of 2 to 2^ feet per

second, otherwise the sediment must be blown out at frequent inter-

vals. If the line is divided into sections by reservoirs or overflows,

the size of each section is determined independently of the others.

If pumps are used to force the water through the pipe then the

• proper size depends on the relative cost of pipe, and of pumping

against an inci-eased head. A large pipe gives low friction head of

the Water and therefore saves in pumping expenses, but a large pipe

is more expensive than a small one. In general it may be assumed

that a proper size of pipe is one which calls for a velocity of flow of

from Ij to 2\ feet per second, the former value for pipes of G to 12

inches in diameter, and the latter for pipes of 3 or 4 feet in diameter.

6*9. Laying of Pipes. Trenclifes iot water pipe are not

usually deep enough to require much bracing or sheeting, the depth

being ordinarily only sufficient to give the necessary covering. Deep

trenches will, however, be recjuired occasionally, as where the pipe

line crosses a high ridge extending above the hydraulic gradient.
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The layiiif^ of cast-iron pipe is usually begun at a valve or special.

Small pipe up to 6 or 8 inches in diameter is easily handled without a

derrick, the sections being lowered into the trench by two or three

men. In laying, care should be taken to enter the pipe to its full

depth and to see that there is sufficient joint space all around. If

special strength is not required, this packing may nearly fill the space

back of the enlargement or V-shaped space in the bell. The remain-

ing space is filled with molten lead. In pouring the joint the lead is

guided into the space by a jointer, commonly made of clay formed

around a length of rope. This is placed about the pipe so as to press

against the hub, except at the top, where an opening is made for pour-

ing. Patent jointers are better for large pipe and difficult work.

After pouring, the lead is loosened somewhat from the pipe by means

of a chisel and set up by calking iron and hammer. To do good

work there should be plenty of room around and under the pipe.

In wet trenches and with small pipe, two or three sections may be

joined before lowering. Riveted pipe should be connected.up in as

long sections as practicable before being transported to the trench,

so that as much of the riveting may be done by power riveters as

possible.

When placed in the trench the pipe should have an even bearing

on firm soil or on blocking, and should be well supported while the

joints are being riveted. The riveting is usually done by hand, but

power riveters have been used in a few cases. After riveting, all

field joints should be calked, and these and all other abraded places

painted. Some re-calking may be needed after the pipe is tested.

In constructing the pipe system one of the most important points

to settle is the depth at which the pipes should be laid. In warm

climates a covering of 2 to 3 feet is sufficient. In cold climates the

depth to be adopted is that which will be sufficient to prevent freezing.

In a general way it may be stated that for a latitude of 40° the depth

of cover should be 4 to G feet and for 45° should be G to 8 feet, the

smaller depths being used east of the lakes and the greater depths

for the country between the lakes and the Rocky Mountains. In

sandy soil the depth should be greater than in clay.

70. Special Details. To enable a. j)ipe line to be readily

inspected and repaired, stop valves should be inserted at intervals of

1 or 2 miles, and especially at important (lepressions and summits.
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Otherwise- t(j empty and refill a loni^ conduit would re(juire several

days. Valves of all kinds and designs are furnished by various

special manufacturing concerns.

At every summit of a pipe line ano at shut-off valves there should

be placed an air valve to permit the escape of air on filling, the en-

trance of air on emptying, and frequently the escape of air which

may gradually accimiulate at summits. At all depressions, blow-off

valves should be provitied, the waste pipes from which should be

led to a sewer, stream, or drainage channel. These valves need be

only about one-third the size of the main pipe. Check valves should

be introduced at points where a breakage would permit a large loss

of water by Ijackward flow, such as at the entrance to reservoirs,

at the foot of long upward inclines, and in force mains just beyond

the pumps. Safety valves, or pressure-relief valves, are occasionally

used at the ends of long pipe lines or wherever water hammer is

especially to be feared. They are simple disk valves opening out-

wards and held in place by springs which are adjusted to the water

pressure.

The upper end of a gravity pipe line is usually enclosed in

masonry and provided with a sluice gate or valve. At this point it

is also desirable to have a weir or measuring sluice. The lower

end of a pipe line usually terminates in a reservoir, where again

valves are provided and where-connections may also be made directly

with the pipe system.

In crossing under other structures, such as railways, buildings,

sewers, etc., special precautions should be taken to avoid all danger

of future breakage.

Streams are crossed either on bridges, or by laying the pipe

beneath the stream bed, or by the use of a subway.

In this country the common practice in crossing a stream is to

lay a cast-iron or steel pipe below the stream bed, or else to employ a

bridge crossing. Where no bridge already exists the former will

ordinarily be the cheaper; and in many cases, as in navigable channels,

a bridge could not be permitted. In other cases it may be cheaper

to build a bridge especially for this purpose. At the angles at ends

of bridge and submerged crossings special care is necessary to keep

the pipe from separating at the joints. If the pipe line crosses an

existing bridge, it will usually be convenient to support it beneath
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the flooring. Where a bridge is l)iiilt for the purpose, no floor system

is put in, but merely suitable straps or stirrlips to support the pipe.

The amount of protection required to prevent freezing on bridges,

di- at other exposed places, depends upon the size of pipe, the dmount

of circulation during periods of minimum flow, the temperature of

the air and the water, and upon the length of the exposed pdrtidn.

Siilall lilies, especially distributing mslins, require protectibh.

This is usually furnished by placing the pipe in a wooden box and

filling around it with some non-conducting substance, such as saw-

dust, mineral wool, asbestbs, hair felt, arid tht like. A niixturC of

plaster of P^ris and sawdust has been used with good results. Any
packing to be effective should be kept dry. The packing is often

arranged tO give one Or more dead air spaces arountl the pipe to

aid in preventing radiation.

Various methods are employed in laying pipes beneath water-

courses. In the case of small streams the usual method is to employ

a cofferdam and lay the pipe as on dry land. Where the water

cannot readily be excluded in this way the pipe must either be put

together before lowering in place or nUist be laid by divers. Sub-

merged pipe should, as a rule, be kitl in a trench and carefully

covered to prevent injury by wiives, drift ice, boats, etc.

Various special details are used in submerged-pipe laying, siicli

as the various fol-ms of flexible joints to enable the pipe to coriforrii

to the grade of the trench, and special joints foi' easy corihectiUii

wh(5i"e divers are einployed. Stlbriierged pipe should be thOrOiighly

tested either in sections befoi-e laying, or better, after the liiie is coiri-

pleted, in which case compressed air can be used fot- the plirj)ose.

Leakage of air will be indicated by the appearance ()f bubl)les, and

the imperfect joints can then be calked -by divers. The vilri(>us

methods of laying subrilerged |)ipe will How be described together

with some of the special details lised in this work.

(1) Whei-fe thfe stream is shallow, a connnon method of laying-

is first to connect the entire pipe, or large sections of it, on platforms

extending across the streain, and to lower the portion so connected

by means of sci-fews. Ordittaty jbilits cari tislially be employed and

the pipe jjiit together to fit the profile of the trench. Pipes ain veiy

conveniently be laid iii this way fl'oin the ice during winter.

Two cases of this inethod of laying will be briefly noted. At

Cedar llapids, la., (KK) feet of l(»-inch })ipe was laid in this way in
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;i (Icjttli of 21 iVct of watcc. A Irciicli 2 feet dco]) was first cx-

cavaiccl, and framed licstlc Ix'iils set ii]) 12 feel ;ij)art. A l)ar<^e

was tli«'ii run iK'twceii \\\v Icfi's of the trestles, the pipe j)ut to-

{]jetlier on the har<'e and tlieii sliiiif;' l)y strai>s fastened Ut 1 J-ineh

threaded rods suspended from the trestles. When the entire

])ij)e line was eonnectted, it was all lowered toffether, cleetrie-

hell si<i;nals being used to secure sinudtaneous action among the

several men stationed at the screws. The cost of laying was

$1.2."^ ])er foot.

(2) Instead of comiecting the entire pipe line and lowering

all together, it may l)e lowered in sections hy the aid of flexible joints,

each section consisting of several lengths of |)ij)e connected in the

usual manner. The ])ipe can thus he laid and lo\ver<'d from a short

piece of trestle or from a harge. This method is especially suitahlf

for deep water where trestles cannot readily be used.

('A) Many lines of submerged pipe have been laid by joining

several lengths on shore, towing them into ])osition, sinking them

and connecting them by divers. This method is especially applicable

for large pipe lines. It has been used for large intakes at Syracuse

and at ^Milwaukee; also at Galveston, Nashville, Boston, and many

other places.

71. Cost of Pipe Lines. The cost of pipe lines will vary

greatly according to the cost of the material used. This element

can readily be ascertained at any time by reference to current price

lists, and the item of transportation can also be quite readily deter-

mined. Cast-iron pipes laid under average conditions will cost

approximately as follows, assuming the pipe' itself to cost H cents

per lb

Size of pipe. Cost per foot.

4 inch $.50

G '' .70

8 " 1.00

10 " 1.30

12 " 1.70

IG " 2.50

20 " 3.50

24 " 4.50
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THE DISTRIBUTING SYSTEH.

Distribution Reservoirs.

72. Use. The rate at whieh water is actually used is not at

all uniform, as fully pointed out in section 6. It varies from day

to day according to the season, from hour to hour according to the

time of day, and at times of large fires the rate will be greatly in-

creased. If all parts of a system were to be designed of a capacity

cfjual to the greatest possible rate of demand the cost would fre-

cjuently be prohibitive, and in most cases it would not })e the most

economical plan. It will usually be more economical to store up a

r|uantity of water in a snuill reservoir or elevated tank which may be

drawn upon when the demand is excessive and thus relieve to some

extent a part of the system.

For example, where the water is brought from the source through

a long conduit, a distributing or equalizing reservoir will enable the

conduit to be operated at a comparatively uniform rate and hence

to be made of minimum size. Likewise such a reservoir will make

it possible to reduce the capacity of pumps, or filters, or other similar

works, and to operate them more uniformly and economically; or

in the case of small works to operate the pumps at full capacity for

a portion of the day only. In the case of a ground-water

supply, a small reservoir will greatly increase the capacity of the

source by making the demand more uniform. Again, in a large

distributing system, several reservoirs placed at different points will

effect considerable economy in the size of the pipe system. As

a measure of safety against the interruption of the supply from

accidents to conduit or machinery, distributing reservoirs are of

great value.

In discussing forms of construction, reservoirs may be classified,

according to the material employed, into (1) earthen reservoirs,

(2) masonry reservoirs, (3) iron or steel reservoirs, and (4) wooden

reservoirs. The first two kinds can conveniently be considered

together, as the two materials are very often combined in the same

structure. The last two will also be treated under the general title

of standpipes and tanks.

When the reservoir docs not need to be elevated above the natural

surface, the most economical form, and the usual one for large capaci-

ties, is the open reservoir with earthen embankments. Such reser-
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voirs are usually huilt with masonry walls, and covers partly in

excavation and partly above the surface. If a reservoir recjuires to

be considerably elevated, a steel standpipe or a tank of wood or steel

is usually employed.

73. Capacity. Where it is possible to construct an inexpen-

sive open reservoir at a suitable elevation and in a pjood location, it

should be (jiven a capacity of several days' supply. In practice the

capacity of such reservoirs varies from 2 or 3 days' supply uj) to S or

10 days, and occasionally more.

Where, owiufjj to the character of the topography, it l)ecomes

necessary to artificially elevate a reservoir in the form of a standpipe

or elevated tank, the expense of construction becomes so great that

the economical capacity is usually less than that mentioned under (1).

The best capacity in this case depends much upon the size of the

city. For large cities it is hardly practicable to provide much storage

by means of artificially elevated reservoirs, the small standpipes

which are often used in such cases serving merely to equalize the

action of the pumps.

In small cities (up to a population of 50,000 or more) it is desirable

to provide a small storage even at considerable cost, as a measure of

safety and economy. The fire rate is here the principal considera-

tion, and the minimum capacity should be such as to provide water

at the maximum fire rate for a sufficient length of time to enable the

pumping station to respond with ease and certainty. This is ordi-

narily taken as about one hour. Beyond this it will usually be

desirable to add to the capacity enough to equalize the ordinary

flow over several hours of the day, or, in the case of small works,

to enable the pumping to be done by operating a part to the day only.

In general the best size of elevated tank will range from about

75,000 gallons for very small works up to 200,000 or 300,000 gallons

for towns of the size mentioned above.

74. Location and Arrangement. The location of an ele-

vated reservoir is governed in the first place by the topography, and

the choice of location is therefore often very limited. In general a

distriliuting reservoir shoidd be located as centrally as possible with

respect to the district to be served, as this will insure the most uniform

and the highest pressures and will give the smallest size of main

and branches.
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In a gravity system the conduit is terminated at a reservoir,

and if this reservoir is centrally lopated a longer conduit will he

required than if it be place(| near one side qf the system. A proper

balance must be struck between the two extrenies. In a pumj)ing

system the pumps are usually locatecl near one side of the city, and

the reservoir is placed either in the vicinity of the pumps qr at a more

remote point iu the system. In the first t'^se all the water is nsually

j)assed thrqugh the reservoir, and the action of the pumps is very

steady and uniform. In the second case a main usnally leads to

the reservoir from sqme pqint qf the distributing system. The

]Mnnps force water directly into the systeni, and the reservoir takes

only the surplus at times of low consumption and distributes it at

times of high consumption. Certain portions of the area are thus

served direct, and others are served froni the reserv()ir. AVith this

arrangement a more uniform pressure will be niaintiviued in the

mains, l)ut the operation of the piunps will not be as uniform.

The pro])er (>lcvation of a reservoir depencls on the re(|nir(>d

pressure in the mains, a subject fully discussed in section SO.

EARTHEN AND MASONRY RESERVOIRS.

75. Form and Proportion. Earthen reservoirs are usually

constructed partly by excavation and partly by the building up of

embankments. If masonry walls are used in place of embankments,

or as interior linings, the reservoir may be called a masonry reservoir.

For single reservoirs the form most economical of material is the

circular, but for large reservoirs the rectangular form is more con-

venient to construct and requires less land area. In practice the

depths vary from 12 to 18 feet, for small covered reservoirs holding

one million gallons or less, to 2.5, 30, or 8.5 feet, for open reservoirs

holding oO or 100 millions, depending uj)on local circumstances.

76. Construction. The construction of the embankment is

based on the same princij)les as discussed in section 47, but the

conditions are somewhat diflVnMit from those obtaining with im-

pounding reservoirs. In this case the foundation is frecpiently per-

vious and the embankment cannot be connected with an impervious

stratum below. Under such conditions it is necessary to construct

a water-tight lining over the entire area, and to carefully connect

it with the water-tight portion of the embankment. Where a lining
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is not iiocrssjiry to secure iiiijH'rvioii.siu'ss, one is usually put in to

facilitate the cleanin*^ of tiie reservoir.

According to circumstances the entire embankment may he

impervious, or imperviousness may be secured .by a ])uddle or con-

crete core, or by a layer of puddle placed near the face. Fig. 31

shows a j)ud(lle being ])laced near the face and Fig. 32 shows a puddle

core connected to the puddle lining of the bottom.

Imperviousness is usually secured in large masonry reservoirs

by a layer of puddle placed back of the wall and thoroughly rammed,

and the bottom lining is treated in a similar way. In small reservoirs

more reliance is placed upon impervious masonry, made so by an

asphalt coating, or, more connnonly. l)v a coat of I'ort land-cement

Pig. 31. Section of Reservoir Embankmeut, Pittsburg.

Fig. 33. Section of Reservoir Embankment, Broolilyn.

mortar, neat or 1 to 1, which it is well to finish by a brush coat ot

neat cement. The latter method is more likely to be satisfactory

with covered reservoirs, where the temperature changes are small,

than with open reservoirs.

While it is comparatively easy to secure imperviousness at the

start by the use of cement, it is difficult to prevent the formation of

slight cracks. These permit the water to find its way into the sur-

rounding soil, and when the reservoir is quickly emptied this water

exerts a back pressure on the walls and an upward pressure on the

floor. The foundation for the walls should be broad enough to

reduce settlement to very small limits, and as further precaution

arainst cracks the floor lininir should be constructed after the walls
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arc coinplctc, hut slioiild ix' tli()r()U(;lily lioudcd tlioreto. Jiinctions

between floors and walls are j)referahly made enrved.

"^riie most eonnnon form of lininji; consists of al)()nt 1 V to 2 feet

of putldle protected by a layer of concrete, brick, or stone pavin<i;,

or sometimes only by gravel. On the slopes the concrete is usually

covered with paving or replaced entirely by it, experience showing

that unprotected concrete is apt to be injured by ice. A layer of

paving brick laid in cement makes a good finish for a concrete lining

which is to be frequently exposed. Concrete can be made impervious

by plastering with cement mortar, neat or 1 to 1, but where it extends

over large areas, cracks will form, due to temperature changes and

to settlement of embankments. To minimize this difficulty, concrete

may be laid in blocks, with asphalt joints between.

If ground water is met with, which is under considerable pressure,

it will be necessary, in order to avoid rupture of the floor, to drain

the soil beneath the lining. In some cases the ground water has

been permitted to enter the reservoir, when its head exceeds that

in the reservoir, through flap valves which will close when the differ-

ence of head is in the reverse direction. Drainage of the soil beneath

tlie lining should be done with great caution, and especial care

taken to surround all drains with gravel and sand so graded in

fineness as to effectually prevent the washing out of any of the mate-

rial. Seepage water is also sometimes taken care of l)y means

of drains.

Asphalt has for some time been extensively used for reservoir

linings on the Pacific coast, and recently its use has become (piite

general. Compared to concrete it has the advantages of elasticity

and greater imperviousness, both of which are of great importance

in this connection. Another advantage in many cases is its cheap-

ness. Its chief disadvantage is the efi'ect of the sun in rendering

it more or less plastic and liable to creej) if used on steep slopes. Its

durability in water is also not fully determined, (ireat care and

expert knowledge are recpiired in determining the proper proportions

of the various ingredients to give good results.

When the earth is firm and compact, asphalt linings can be

placed directly upon it, and have frecpiently been so placed. Con-

siderable settlement has in some cases taken place without cracking

the lining, but this cannot, of course, be relied upon.
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Reservoirs with masoiirv walls occupy less space than earthen

reservoirs, hut are more exjx'iisive to eonstniet. They are, however,

often the Ix'st form for small reservoirs where space is limited, aiul

are a suitable form in case covers are re(|iiire(l.

When the reservoir is excavated in firm earth or is backed In' a

well-compacted embankment, the earth serves to support the walls

against water pressure. They must then be designed to sustain

the earth pressure with reservoir empty. By adopting the circular

form the masonry will resist largely by compression as a ring, and

the dimensions can be c-onsiderably reduced below those recpiired

for a wall resisting by gravity alone. Several small circular reser-

voirs have been built of diameters of .")() to To feet, with walls from

10 to 22 inches in thickness.

The masonry may be of rubble, concrete, or brick, according

to circumstances. If exposed, a lining of paving brick makes an

excellent finish. It is needless to say that in all work of this character

the greatest care should be taken to secure the best workmanship,

particularlv in the mixing and laying of concrete and the thorough

filling of masonrv joints with mortar, essentially as in dam con-

struction.

77. Inlet Pipes and Valves. Distributing reservoirs are

usually provided with separate inlet and outlet pipes, located prefer-

ublv on different sides of the reservoir in order to promote circulation

of the water. In earthen reservoirs these are constructed in the

same manner as described in section 4S. A by-pass should be

])rovide(l to enable the reservoir to be cut out at any time. "Where

the reservoir serves merely as an e((nalizing reservoir, receiving only

the surplus water from the distributing system, a single pipe will

serve for both inlet and outlet.

In open masonry reservoirs gate chambers are conveniently

built in connection with the reservoir wall. In covered reservoirs

they are usually omitted, the valves being ])laced within the reservoir

and operated from a suitable platform or from the oustide.

78. Covered Reservoirs. Ground waters should be stored

in covered reservoirs, for the reason that such waters usually contain

sufficient quantities of plant food to promote a luxuriant growth of

vegetable organisms unless the light be excluded. Many cases have

arisen of bad tastes and odors due to this cause which have l)een
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entirely removed by eovering the reservoir. Filtered surface waters

sliould also as a rule be stored in covered reservoirs, since by the

process of filtration they are rendered somewhat similar in nature

to o;round waters. Where reservoirs are located in the densely

populated portions of cities, covers are also advisable, in order to

exclude soot and dust.

Covers are usually made of masonry, l>ut wood has lieen used

in a number of cases. It is much cheaper than masonry, but is

nnicli less durable and does not keep the water as cool in sununer

or wholly prevent freezing in winter.

A wooden cover for a large area may consist sim})ly in a hori-

zontal floor of boards, supported by a system of joists and girders

resting on a series of wooden posts. For small areas the covers can

readily be made sloping, and this is a preferable arrangement.

Covers for small circular reservoirs and large wells are conveniently

made conical, with the rafters resting against the wall or supported

on light trusses. _

Masonry covers consist usually of segmental or elliptical ma-

sonry arches supported by small brick piers; or, for very small

reservoirs, a dome may be used. Above the arches, about 2

feet of earth is placed to prevent extreme variations of tem-

perature and to protect the masonry, and embankments are con-

structed against the side walls to meet the covering above. The

piers are spaced from 10 to 15 feet apart, and are made from 1

to 2 feet square in cross-section, depending upon the span and

weight of filling.

Piers are usually made about IS inches square of brick and

spaced al)Out 12 to 15 feet apart. Concrete is now generally used

for the roof, being made in the form of groined arches of about 3

feet rise and 6 inches thick at the crown. Fig. 33 shows the interior

of such a reservoir used as a filter.

79. Cost. The cost of reservoirs varies, of course, greatly

according to local conditions, kind of reservoir and capacity. Ac-

cording to the capacity the cost per unit will be less the

larger the reservoir. The actual cost of a large open reservoir

varies from |3 to $5 per 1,000 gallons capacity. Covered ma-

soni-y reservoirs Avill cost usually from $10 to $15 per 1,000 g.al-

lons capacity.
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5TANDPIPES AND ELEVATED TANKS.

8(). Where a reservoir recjiiires to he artificially elevated it is

usually built as a stautlpipe—a tall slim tank resting on the ground

—or as an elevated tank of steel or wood, supported hy a tower of

steel, wood, or masonry. Such an elevated reservoir may or may

not be enclosed in a covering of masonry or wood, according to the

necessities of the case and the notions of the designer.

Reservoirs of this type are relatively so expensive that a mini-

mum amount of storage capacity is \isually provided. As sho^sTi

Fig. 33. Covered Filter.

in section 72, they may be used in small towns to enable the pumps

to be more economically operated,- or in larger towns to provide for

file consumption for an hour or .so. The capacities of standpipes

and tanks range ordinarily from 50,000 gallons up to a maximum

of about 1,500,000 gallons for small villages and cities up to 30,000

population or more. The useful capacity of a standpipe is only

that part of the volume which is at a sufficient elevation to give the

recjuired pressure. All water below this level acts merely as a sup-

port for the portion above. There should therefore first be deter-
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milled the lowest useful level of tlie water, and the pipe should then

be made of the desired capacity above this plane.

81. Location. For storage purj)()ses only, the location would

be the same as that for any reservoir. To reduce the cost it is, how-

ever, desirable to place the tank on the highest ground available if

it be within a reasonable distance. Too great distances will be

undesirable on account of the cost of mains and the loss of head

caused by a long line of pipe.

82. Design of the Standpipe. 'Hie chief elements in the

design of a standpi|)e are the thickness of })lates, the riveting, the

foundation and anchorage and the pipe details. The forces to be

considered in the design of a standpipe are the water pressure, the

wind pressure, the weight of the pipe, and the action of ice. In

what follows let h = distance in feet of any point of the pipe from

the top, d — diameter of pipe in feet, r = radius in feet, and / =
thickness of shell in inches at the given point.

From cfjuations in Hydraulics we find that the water pressure

causes a bursting stress per vertical lineal inch of pipe e(|ual to

b = ^ ^
= 'Z.bJai (9)2 X 12

'J'hc stress per sijuarc inch of metal is

2Md
t

(10)

This is the only stress that need be considered in determining the

plate thickness, as the effects of wind and weight are much smaller

than this and cause a stress in a vcrfical direction.

The safe tensile stress on net section of metal. M'here but little

ice is likely to form, may be taken at about 15,000 pounds per scpiare

inch. AVliere thick ice is to be expected the working stress should be

reduced to 12,000 or even 10,000 pounds, to j)rovide for the unknown
ice stresses. The vertical joints will usually be so designed as to

have an efficiencv of GO to 70 per cent. If a = safe stress on net sec-

tion and c =efficiency, then by ecjuation 10 the recjuired thickness

to resist the water pressui'c will be

2M/h/ 2M(/ , ^t= = (ll)
a at- ^ '
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or, if a = 12, ()()() and c = 5, then, approximately,

2.0//./
t .00(3325//./ (12)

Tlic tliickness near tlie toj) should not he less than [ ineh, or for very

iar^re pij)e.s, ,^5^ ineh. IMates thieker than 1 ineli or 1
J inches should

be avoided.

The j)hites torniini; a standpij)e are usually of such a width as

to build ") feet of pipe, and are from S to 10 feet long. Each course

is ])referably made cylindrical, and alternately an "inside" and an

"outside" course.

The riveting of the vertical seams is the most important part of

the construction, as this determines the strength and economy of the

standpipe. Lap joints are most commonly used, Init for thickness

exceeding \ inch, double-butt strap joints are much preferable and

are stronger.

Table No. 12 gives suitable proportions for riveted joints, to-

TABLE 12.

Proportions for Riveted Joints for 5tandpipes.
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Horizontal joints are made single-riveted lap joints, with rivet

spacing of about three diameters. All seams should be thoroughly

calked with a round-nosed calking tool, and any leaky seams which

mav exist when the pipe is filled should be recalked. The l)ottom is

made of plates riveted up with circular and radial joints, tiie former

being made lap joints and the latter butt joints. The thickness need

be only enough to permit of good calking and to be durable,—about

h inch. This bottom plate is preferably connected to the side plates

by means of a heavy angle on the outside, or one on both outside and

inside the tank. The foundation should be made monolithic and

sufficiently broad to give such low pressures on the soil that there will

be j)ractically no settlement. Failures have occurred due to poor

work in this respect. Wind pressures shoidd be carefully considered.

Concrete is a very suitable material for foundation purposes.

Standpipes must l)e anchored'to the foundation to prevent being

overturned by the wind, 'i'hc wind pressure is usually taken at 40

to 50 pounds per s(niare foot on one-half the vertical ])rojection of the

tank. At the higher value the overturning moment in foot pounds at

a distance h below the top is

M = 50 X ^ X 4- = 12.5^///= (13)

Tliis movement causes an uplift on the leeward side for each inch

along the circumference of the pipe of

S* = 1.83 -V- pounds. (14)

Then if anclior bolts are j)la('ed /) inches apart around the bottom of

the tank the stress in each bolt will be

S X ^> = 1.33 ^'^- X Jf (15)

If numerous bolts are used, their size need not be great, and they

may l)e put through the exterior bottom angle iron and the latter

double-riveted to the pipe. If arranged in this way, they should be

numerous enough so that the stress in one bolt is not greater than can

The derivation of this equation comes from the formula S = -^ of Mechanics

in which I Is the moment of Inertia of the siaudylpe shell. The process of derivation

cannot well be entered upon here.
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be transmitted to the lower plates by four or five rivets, which will

limit the size of bohs to about 1] times the diameter of the lower

rivets. By spacing? the bolts sufficiently close this arrangement may

Ik- followed in almost any case. If this method gives a large number

of bolts, it will be simpler to use fewer and larger bolts, in which case

they should be fastened to the standpipe by long vertical pieces of

angles, and the bolts placed close to the pipe as shown in Fig. 34. The

number of bolts should not be less than six in any case. Anchor bolts

should extend well into the masonry and be fastened to anchor plates

embedded therein.

Besides the overturning effect of the wind there is to be considered

the collapsing effect on the empty pipe, especially near the top where

the plates are thin. This cannot readily be computed, but must be

provided for by an ample margin of strength at the top of the stamlpii^e.

The effect of ice action is a very serious matter in unprotected

.standpipes, but is very difficult to calculate or provide for. The

.stresses caused 1)V ice action can only be provided for ])y the use of a

good (.ualitv of soft .steel which will allow of deformation without m-

jurv, and by the u.se of a large factor of .safety. It may well be (lues-

tioned, in view of the uncertainties of the ca.se, if all metal tanks built

in cold climates should not be encased in masonry- or wood. The

importance of this matter is attested by the many accidents traceable

to the action of ice.

The material used for standpipes should be soft, open-hearth

.steel, of a tensile strength of about 54,000 to 02,000 pounds per s(iuare

inch ' The best practice now calls for a grade corresponding to flange

steel, with phosphorus limit of al)out .06 per cent, an elongation of

22 to 25 per cent, reduction of area of 50 per cent, and flat bendmg

tests, both cold and after heating and quenching.

83. Pipes and Valves. Usually a single pipe serves both as

inlet and outlet. This passes through an arched opening in the

foundation, turns upwards and enters the .standpipe at the bottom,

and extends into it a foot or two. A lead joint is usually made m a

bell ca.sting riveted- to the bottom of the pipe as shown m Fig. 34. A

drain-pipe through which the tank may l)e drained or flushed .should

also l)e provided.

Ili.rh-water electric alarms are ailvisable if the pipe be at some

distance from the pumping station. The pressure indicated at the
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station is not a certain <^ui(le if branch mains are led off at inter-

mediate points. For encased pipes or tanks a simple float, arranged

to close an electric circuit, may be used. For exposed pipes, ice is

likely to interfere, and in this case a pressure gauge placed in a vault

and connected to the standpipe can be arranged to give an alarm at

any desired pressure.

84. Other Details. The top should be stiffened against col-

lapse by a heavy angle-iron, not less than 3X5 inches, and two such

angles should be used for large pipes. The effect of the wind on an

enij)ty j)ij>e is not only to c-ause a pressure on the outside, but to create

a partial vacuum on the inside near the top. Several failures have

occurred from lack of strength at this point.

It is not customary to roof standpipes, and for a tall slim pipe

a roof would be of little use and no improvement to its appearance.

With large, low pipes a conical

A

',

i<

Fig. 34. Arrangement of Rivets.

roof of curved profile may well be

adopted. It affords consideral)le

protection and improves the ap-

pearance of the structure. It is

usually made of sheet iron or cop-

per, supported on light angle-iron

ribs or a framework.

A ladder should be built on

the outside of the pipe, but none

on the inside; and in general there should be no obstructions on the

inside where ice is likely to form to any extent.

Standpipes should be well painted inside and out. For the in-

terior, asphalt is probably the best material to use. After painting

the interior, the pipe should be filled to detect leaks before the outside

is coated.

A standpipe is often surrounded with a masonry shell in order to

furnivsh protection from cold, or to imj)rove the appearance of the

structure. This shell may be of .stone or brick, and is usually built

enough larger than the pipe to permit of a stairway in the space be-

tween. The walls are usually made from 2\ to 4 feet thick at the

bottom and l} to 2 feet at the top.

Encased pipes nnist be provided with overflows, which may be

built either inside or outside the main pipe. For this type of struc-
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tiirc, root's aiv (luitc iiccr.s.sary, and slioiild Ix' carcfiillv proportioned

with respect to aj)pearan('e. 'I'lic iiiasonrv otters eonsiderahle oj)j)(jr-

tunity for architectural treatment, and this featnre should be referred

to a competent architect.

85. Elevated Tanks. If tiic lower portion of the water in a

standpipe is at too lo.w an elevation for useful pressure, its onlv office

is to furnish support to the useful part above. Where this useless

zone is of any considerable dej)th the su[)port can l)e more cheaply

furnished by a steel trestle. Besides being cheaper, a tank is much
less objectionable in appearance than a standpipe, and experience

indicates that trouble from ice is less likely to occur. For roofed

tanks a heii;'ht e(|ual to the diainctei' would not be far from the most

economical pr()[)orti()ns, but a height somewhat greater than this will

usually look i)etter.

The bottom of a tank supported on an iron trestle is usually

made hemispherical, as this requires no support except at the outside

edge where the legs of the tower are located. The thickness of side

plates is the same as for standpipes, and the details are similar. If

the bottom is hemispherical the stresses therein will be one-half those

in the lowest side course of plates.

The tower consists of a steel trestle of four to eiy-ht lej^s. The

material for this may be medium steel, and comparatively high work-

in"' stresses mav be used in its desiijn, since the stresses are all dead-

and wind-loatl stresses. Four legs are the smallest practicable num-

ber, but for tanks of lar»e diameters the use of onlv four Ws
l)rings very heavy local stresses on the tank at the points of connec-

tion. Six or eight is a better number and presents a ])etter ap-

pearance, but is more expensive. The stresses in the various parts

of the tower and thq design of the details belong to the domain of

structural engineering and cannot be elaborated here. Suggestions

for the upper column connections, the anchorage and the roof are

given in Fig. oo.

Each cohriun nuist be well anchored to the foundation, with a

strength of anchorage e(|ual to the maxinnmi uplift due to wind act-

ing on empty tank. The foundation should be rigid, and large and

heavy enough to serve as anchorage and to give only safe pressures

on the ground. There should be j)ractically no settlement, as any

unec|ual settlement will greatly change the stresses in the tower.
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The inlet pipe is usually made to enter the tank at the eenter of

the bottom, and should he provided with an expansion joint. In

cold climates the pipe must he protected hy a frost casing, which is

usually a simj)le wooden box with one or more air spaces and a ])ack-

ing of some non-conductive material. If the tank is encased, it will

be necessary to provide an overflow pipe.

86. Wooden Tanks. Elevated tanks of wood are frequently

used where low first cost is an essential element and the quantitv to

be stored does not exceed oO.OOO to To,000 gallons. Wooden tanks

are cheap, and if well built will last fifteen or twenty y<?ars. The
staves should be of good clear material and should be dressed to proper

curvature on the outside. Hoops should be relatively thick to resist

corrosion, and should be thoroughly coated with asphalt or other pro-

tective coating, before being put in place. Lugs and fastenings are a

source of weakness. They should be carefully designed and of ample

strength. The support of the floors must also be well looked after.

The chief source of trouble with wooden tanks is in the weakening; of

the hoops by rusting from the inside.

Several failures of wooden tanks have occurred by the sudden

bursting of the hoops, and it is questionable policy to construct such

tanks where their failure is likely to endanger life, as it is quite certain

that they will not be regularly inspected as they should be.

87. Storage Under Compressed Air. In small works, air

chambers or their equivalent may be used to provide a considerable

storage of water and thus avoid the use of standpipes or elevated

tanks. In the design of such storage tanks the larger the proportion

of air space the less will be the variation in water pressure as the tank

is emptied. If V = volume of tank, and v = maximum volume of

water stored, then V - v = minimum volume of air. If the pres-

sure, v/hen containing the maximimi volume of water, be P, then when

the tank is just empty the pressure is p =P ( 1 - -.^ )• Thus if

V I ......
-^ == — , then p = §P, and the variation in pressure is one-third the

maximum. The less the desired variation in pressure the greater

must be the tank capacity for a given water capacity. The air is

maintained in the tank by occasionally admitting a little air into

the pump.
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A .svstciii of pressure st<)ra<;'e having' several advautaj^es over that

just (lescrilx'd is the Acuie CoMipaiiy's system, based on patents of

Win. K. Worthani and ( )scar I )arlin<>\ In this system the air is stored

in a separate tank at a hi<>^lier ])ressure than is ordinarily ke])t in the

water tank. By redueinji; valves in the coimecting pipes, the pressure

on the water may be maintained constant, or may ])e increased in case

of fire up to the pressure in the air tank. Air compressors must be

used here to keep up the air supply. A number of plants of this kind

have been installed. The use of a pressure storage system avoids all

trouble from ice, and for very small quantities is cheaper than an ele-

vated tank. A storage tank can also be located at the pumping station

and the pressure easilv controlled. Foi- lai"ge (juantities the system

would be very expensive.

THE DISTRIBUTING PIPE SYSTEM.

88. General Requirements. A distributing system should

be so designed that it will be able to suj)ply ade(|uate (juantities of

water to all consumers, and that this will be accomplished with econ-

omy and with reasonable security against interruption. "With respect

to the design of this part of a waterworks system, the uses of water

naturally fall into two very distinct classes: (1) the ordinary, every-

day use for domestic, commercial, and public purjjoses; and (2) the

use for fire extinguishment. In the former case the consumption is

relatively uniform over different portions of the city, and is also well

distributed over many hours of the day; in the latter case the rate is

likely to be extremely high for a very short period of time, but this ex-

ces.sive use of water w^ill usually be confined to a comparatively small

area. To supply water in the former case requires the wide distri-

bution of moderate (puuitities, while in the latter ca.se the problem is

rather the concentration of large volumes within a narrow district,

which district may be situated at any point in the system.

To supply water to all consumers re(|uires that a pipe be laid in

each .street, except in tho.se cases where the cross streets are not built

upon. In the outlying districts, pipes are laid in those .streets where

the den.sity of the population warrants it, according to the judgment

of the management, but much difference in policy exi.sts in re.spect to

the matter of extensions. The distributing svstem includes, besides
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(lie |)i|)cs, llic (ire liy(li-;iiits, stTxicc coiiiicctidiis, \al\r.s, t'oiiiilaiiis,

\vjit<'i'iii;4; ti"()ii^li.>, meters, and oceasioiiallv other details.

89. The Pressure Required. For onlinarv serviee the pres-

sure at any point should l)e sufficient to sup[)ly water at a reasonable

rate in tlie upper stories of lunises and factories, and in business blocks

of ordinary height. This will require at tlie-street level a pressure of

from 20 to 30 pounds in residence districts, and usually from .30 to 3.j

pounds in business districts, according to the character of the build-

ings.

For fire purposes the pressure recjuired in the mains depends

upon whether it is intended that fire streams shall be furnished directly

from the hvdrants or whether steam fire engines are to be used. In

small cities and towns it is of the greatest advantage to supply In-e

streams without the use of engines, and in most such places this

method is adopted, fire engines being sometimes kept in re.serve, for

extraordinary conflagrations. In pumping systems the most com-

mon arrangement is to maintain only a moderate pressure for ordinarv

service, and at times of fires to shut off the reservoir or standpipe if

there be one, and to furnish the necessary fire pressure direct from

the pumps.

In large cities hydrant fire pressure is not so common, but if the

supply is by gravity, and has plenty of head, a hyrlrant fire pressure

can profitably be furnished, at least for all except the densest portion

of the city or for very large fires. If hydrant fire pressure is to be

supplied it should not be less than 60 pounds for residence districts

and 70 pounds for business districts. Pressures 20 pounds higher

than these are to be desired. If dependence is to be placed on fire

engines, as is usual in large cities, the domestic pressure of 25 to 30

pounds is sufficient.

The pressures here considered are the hydrant pressures at times

of maximum consumption, and refer to any point in the distributing

system. If such pressures are maintained at the most remote points

and at the higher elevations, the pressures on the lower ground and at

points nearer the piunps or reservoir will of course be considerablv

higher. In the case of gravity supplies much higher pressures may
be possible, but on account of the increased cost of plumbing and

piping to withstand high pressures it will not be desirable often to

exceed 130 to 140 pounds.
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90. Number and Size of Fire Streams. The number of

fire streams which should be simultaneously available in any given

town will obviously vary greatly with the character of the buildings,

width of streets, etc. For average conditions the number may be

calculated from the formula

y = 2.8i/^ (16)
where y = number of streams, and x ~ population in thousands.

About two-thirds of this number should be capable of being concen-

trated upon a single block or group of buildings.

In small cities and towns the requirements for fire protection

may differ widely. For example, in a country town of 4, ()()() to o.OlHl

inhabitants, in which only a small mercantile business is carried on,

the fire risk is not great, while in a town of the same size whose pros-

perity depends entirely upon two or three large factories, located, per-

haps, in one large group of buildings, a fire would be a very serious

matter. In the former case four or five fire streams would be suffi-

cient, while in the latter case eight or ten should be supplied.

The number of fire streams is based upon a size of stream of

about 250 gallons per minute, which is generally considered to be

about right as an average value for good fire streams in business dis-

tricts. For a residence district 175 to 200-gallon streams will usually

meet the requirement. Fire hydrants must be sufficiently numerous

and so located as to meet the requirements regarding number and size

of fire streams set forth in the preceding paragraphs. Hydrants are

one-way, two-way, three-way, etc., according to the number of hose

connections provided. For most purposes the two-way hydrant is

considered the most convenient, but in the dense portion of a large

city, where many connections must be provided, three-way and four-

way hydrants can be used to good advantage. Hydrants should, in

any case, be numerous enough to enable the required number of

streams to be furnished with a suitable nozzle pressure. At points

where a large number of streams are required, fire cisterns are some-

times used instead of hydrants. These cisterns are fed by large pipes,

and have an advantage over hydrants in that they allow several steam-

ers to obtain their supply at one point.

For a 25()-gallon stream the required nozzle pressure is 45 pounils

and the loss of head per 100 feet of ordinary 22-inch hose is about IS

pounds (see Hydraulics), so that with a hydrant pressure of 100
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]K)iin<l.s the Iciiji'tli of hose to suj)])ly a L'.")()-ij:iilloii sti'cain I'annot ex-

ceed oOO feet. A 1 To-trallon stream, with a 1-iiicli nozzle, retjuires

35 pouiKls nozzle pressure, and causes a loss of head of pounds per

100 feet of hose. With a hydrant pressure of 100 pounds the length

of hose in this case nii<;ht be 700 feet. With a hydrant pressure of 75

j)oiinds, whicli is (piite coininon, a 250-gallon stream could not he

snpj)licd thr()U<i;h a l('ii<;th of hose j^reater than about 200 feet, and a

]75-<i;allon stream through a lenjfth <Treater than about 450 feet.

Hence the general rule that hydrants should be so spaced that no line

of hose should exceed 500 to 000 feet, and for at least half of the

streams recjuired at any point the length of hose should not exceed

250 to .'i')0 feet, according to the hydrant pressure. These lengths

caiuiot be nnich increased even where fire-engines are used. In out-

lying districts two two-way hydrants should be available at any point,

with a distance of not more than 500 to GOO feet to the more "remote

of the two.

The most convenient location for hydrants is at the street inter-

.sections, as they are then readily accessii)le from four directions. In

cities of moderate size the required number of streams can readily be

.supplied by locating a hydrant at each street intersection, but in large

cities intermediate hydrants are often necessary. Thus if the blocks

in Fig. 3(5 are 300 feet long in each direction, and a two-wav hvdrant

is placed at each corner, then a fire at A could be .served from eight

hydrants, with a maximum length of hose of about 4.'30 feet, giving

sixteen good fire streams; while a fire at a street corner could be served

from thirteen hydrants, eight of which would, however, require hose

lengths of 600 feet. With blocks 600 feet by 300 feet, as in Fig. 37, a

two-way hydrant at each intersection woidd supply not less than eight

streams at any point, without exceeding GOO feet of hose. If only

four streams are required, then one-fourth of the hydrants might be

omitted, or every other hydrant in alternate streets, as hydrants

1, 2, and 3.

91. General Arrangement of the Pipe System. From the

data on page 9 it is evident that the fire demand will largely govern

in the design of the ])ipe system. This is more and more true the

smaller the town or district considered, and for single lilocks the

ordinary consumption can practically be neglected. To suj)ply long,

narrow districts, the ireneral scheme would be to furnish the water
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mainly throup;h a .siii(j;lo large pipe of gradually decreasing size, with

small parallel and branch mains supplying the side streets. For

broad areas, such as comprise the larger portions of most cities, the

general arrangement usually ado])ted is to ])rovide large mains at

intervals of | to I mile, and to fill in between these mains with smaller

pipes, thus forming a gridiron system.

A general principle which should be kept in mind when laying out

a system is to so arrange the large mains that the smaller cross mains

may be fed from both ends, since a pipe so fed is equivalent to two

pipes. It can furnish double the number of streams with the same

loss of head, or the same munber of streams with about one-fourth

the loss of head, as when fed from one end only. This principle also

makes it desirable to lay comiecting ])ij)es l)etween separated districts,

iL-S. 1 1 1

_i f M^ t 1

S-l 1 1 L»

Fig. 30. Location of Hj'drants. Fig. 37.

even when such pipes are not required for supplying local consumers.

In the case of fire, each district may tlien be served from both ends.

Dead ends are also objectionable on account of the .stagnation which

exi.sts in the pipes and the deterioration of the water which is likely

to ensue.

The size of mains and cross lines in the gridircm system will de-

pend largely upon the number of fire-streams re()uire(l at any point.

In small cities, and outlying districts of large cities, fl-inch cross mains

with S, 10, or 12-inch pipes at intervals of four to six blocks is a com-

mon arrangement. Four-inch ])i])e should never be u.sed to supply

hydrants except where the j)ipe is comparatively short and is fed from

larger j)ipes at each end.

92. Calculation of the Pipe System. For the purpose of

calculating the di.stributing .system it is neces.sary to know the maxi-

nunn rate of consumption for the entire city, and for large and small

sections of the same, with suitable consideration for future growtii.
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The rate for the entire city will enable the main supply conduit, or

the principal force main, to be determined. For calculating the main

distributing pipes the city should be divided into relatively large dis-

tricts, corresponding to the most probable location of such main

arteries; then for the smaller pipes the demand for still smaller sec-

tions must be considered, and so on.

The maximum rate of consumption for the entire city has already

been discussed in section 6. From the data there given the ordinary

maximum rate is seen to be from 200 to 250 per cent of the yearly

average. If the yearly average I )e 100 gallons per capita daily, the

maximum ordinary rate will then be about 2.50 gallons per capita per

day, or 0.17 gallon per capita per minute. The maximum fire rate,

assuming 250-gallon streams, is 250 X 2.8 i^ar, =700 ^/x gallons

per minute, where x = population in thousands. Thus for a popu-

lation of 1,000 the ordinarv maxinunn rate mav be about 170 gallons

per minute, while the fire rate is likely to be 700 gallons, or four

times as much.

After estimating the maximum rate of consumption for the city

as a whole, the same should be done for the several di.stricts, the

probable future population, the maximum ordinary rate, and the

maximum fire demand being estimated for each district independently.

The data so collected will enable the main distributing pipes to be

calculated. The size of the cross mains and smaller pipes will be

determined almost entirely by the local requirement as to fire streams.

For all practical purposes an arrangement of G-inch pipe in one

direction, and 4-inch pipe crossing these, is ample for cities up to

about 10,000 inhabitants, and six-inch pipes in both directions will

suffice for populations up to about 50,000. For villages up to 1,000

or 2,000 population and the residence districts of small cities all but

the general supply main may be 4-inch provided there are no dead

ends and that there is a cross line at least every other block.

The size of the main supply pipe and the main branches feed-

ing isolated districts can be calculated by the aid of Table No. 12

of Hydraulics giving the friction loss in pipes, an estimate of the

maximum rate of demand having been made. For most cases the

desirable velocities in the main pipes will be from 3 to 6 feet per

second for the maximum rate of flow. The lower velocity is that

suitable for a plant where the available head is limited and not much
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friction loss can he permitted, as f(n' example in a gravity system

wliere the elevation of the sonrce is barely snfficient to fnrnish the

desired j)rcssnre. The higher velocity is snitable where a consider-

able loss of head may be allowed, as for example in a gravity system

with a high sonrce, or in a pum])ing system where the fire ])ressnre

is fnrnished by pumps and only during the fire.

The number of fire streams of 250 gallons per minute each

which can be supplied reasonably through pipes of different size

are given in Table No. 13, the smaller number corresponding ap|)ro\i-

mately to the lower velocity mentioned above and the larger the

higher vciocitv. Where a pipe is fed from both directions double

the number of streams can be supplied.

TABLE 13.

Number of Fire Streams Obtainable From Pipes of

Various Sizes.

Sizn of pipe. No. of 2.5()-gal. slrounis.

4 . 1

G 1- 2

8 2-4
10 3-

12 4- 8

16 8-10

20 12-24

24 1S-3G

Example. A town of 3,000 inhabitants is to })e supplied through

a force main 4,000 feet long. Assuming the average daily consump-

tion to be 75 gallons per capita and that the town is of average char-

acter as regards fire demands, what would be a suitable size of main ?

Referring to section (i, we (ind that tlic maxinunn rate for

ordinary use may be taken at ISO pei- cent of the average, which

would be 1.80 X 75 =^ b')5 gallons. The rate per minute will be

135 X 3,000
1 f c f 1—

^

- = 280 o'a ons. 1 he luunhcr or iu'c streams rccnun-d
24 X ()() _ '

is by formula 10 ecjual to 2.8 i 3 — 4.8 or, say, 5. Each being

assumed as 250 gallons the total rate will equal 280 + 5 X 250 =
1,530 gallons per niimite, or practically ctpial to (i fire streams. From

the table No. 13 we see that a lO-inch pi[)e may be used if u

considerrble loss of head is permissible or a 12-inch pipe if but little
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loss is desiml. From Table 12 of Hydraulics the actual loss of

hea.l iu the lO-inch pipe for a flow of 1,530 gallons per nunute is

IC, fiH't p(>r 1001), or ('.4 feet for tlie entire length of nuun. tor a

l->-inch pipe the loss is only about r,.5 feet per 1,000, or 20 feet total.

Where the available hea.1 is not more than I.IO feet the former loss

\v()ul<l be too great.

93. Separate Services for Different Elevations. Where

the (Uti'erent parts of a town vary considerably in elevation, it is

frec.uentlv advisable to divide the distributing system mto two or

more independent portions, eac-h serving an area or zone situated

between certain limiting elevations. It often happens that only a

small portion of a citv is at a high elevation, and by thus separating

the svstems of distribution a comparatively small amount of water

will need to be raised to the maximum height, the greater portion

bein.>- pumped against a much lower pressure. By this arrange-

nieiir a large saving can be ettected in the expense of pumping, and

the use of excessive pressures in the lower districts will also be avoided.

Various arrangements may be made for supplying the diftercMit

zones Eac-h zone may be practically an independent system, with

its own pumping station and perhaps its own source ot supply; or

th, pumps of a higher zone may be supplied by a reservoir located

at a hi^di point in the next lower zone; or the pumps of the ditlerent

zones mav all be located at the same station and obtain their supp y

from the same source. In the gravity system a division is often made

so that the lowest zone is supplied by gravity, while the^ipper zones

are supplied by pumps.
,. . ., ,•

94 Location of Pipes and Valves. The distributing pipes

should be so located with respect to street lines as to be readily found

and to avoid other structures as far as practicable. The center of

the street being usually reserved for the sewer, the water pipes are

placed at some fixed distance, usually from 5 to 10 feet from the

center The side chosen should be the same throughout. The

north side of east and west streets will be warmer than the south

'''^'valves should be introduced in the system at frequent intervals

so that comparatively small sections can be shut ofl" for purposes of

,epairs, connections, etc. As a general rule, wherever a sn.all pipe

benches from a large one, the former shoul.l l>e provided with a
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valve. Tims with 10 or 12-incli pipes feeding fi-incli pijjes, each of

the latter should have a stop valve at each end. At intersections of

large pipes a valve in each branch is nsvially dcsirahle. In a net-

work of small pipes of uniform size, a valve in each line at each

intersection, or four in all, is rather more than necessary, hut two

at each intersection, or a valve in each line every two blocks, answers

very well.

Valves, like ])ij)e lines, should be located systematically. They

are usually located in range either with the property line or the curb

line, but sometimes are placed in the cross walks.

95. Hydrants. The general location of hydrants has already

been considered in section 90. In fixing upon the exact location,

and the side of the street on which each should be placed, a detailed

examination should be made and the location determined with

reference to ini{)oi"tant buildings, convenience of access in case of

fires, etc. Generally the hydrant is j)laced on the same side of the

street as the pipe, and is connected to the larger of two j)ipcs where

there is a choice.

Hydrants are of two genei'al types—the post hydrant, in which

the barrel of the hydrant extends 2 or 3 feet al)ove the ground sur-

face, and the fhish hydrant, in which the barrel and nozzle are

covered by a cast-iron box Hush with the surface. 'J'he former is

more commonly used, and as it is much more readily found and

more conveniently operated, it is to be preferred, except })erhaps

in the congested districts of large cities, or on narrow streets where

all obstructions should be avoided. Post hydrants are set just back

of the curb line; flush hydrants, either in the sidewalk or in the

street.

Many styles of hydrants are on the market, most of which will

give reasonably good service if proj)erly liandhMl. lleliabihty of

operation is the first essential, but next in imj)()rtance is the re<juire-

ment that the frictional loss in the hydrant shall be small. All water-

ways .should be ample, and sharp angles and sudden changes in size

should be avoided as nnich as possible. Considerable difference

exists in different hydrants in this respect, with a corresponding

diiference in the amount of pressin-e lost. In Fig. ."JS are shown two

forms of hydrants which illustrate the two general types of valves

used—the gate valve and the compression valve. In ordering
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r—----~-VJ."J

liydrunts care shuiild lu- taken to liavr tin- nozzles ot" the suiiie

standunl as tliose used in adjoinin}^ larj^e cities, so tliat eoiiiieetions

can readily he made to fire a])j)aratus which may he borrowed in

emergencies.

When a hydrant is closed after use, the water remaininjj; in the

barrel must he drained out throuj^h a drip, so arranj^ed as to o|)en

when the main valve is closed. 'I'his is an important feature of the

de.si<fn, as a hydrant is likely

to freeze if not thoroughly

drained. The escaping

water may he led away

through a small drain pipe

to a sewer, or a considera-

ble body of broken stone

and gravel may he filled

around the base, into which

the water may be allowed to

tlrain.

In setting hydrants

care should be taki-n to pro-

vide a firm ba.se and to ram

solidly back of the Ijarrel.

The hydrant branch should

be covered at least as deep

as the main, as this branch

is essentially a dead end

and is much more Hkely to

freeze than the main itself.

96. Service Connec=

tions. Service pipes are

usually from j inch to 1

inch in diameter, and are

made of lead, galvanized

iron or tin-linetl iron pipe. In making the (onnection between service

pipe and main, the latter is tapped and a brass "corporation" cock

screwed in. At the curb is usually placed another .stoj) cock, with

a suitable valve box, at which point the supply to the consumer is

controlled.

Fig. 38. Fire Hydrants.
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WlicMV pipes are laid in city streets, special care must be taken

ill liacUdliin^' and rej)lacinti' the ))avenient. There is a wide dillVr-

t'licc of ()j)ini()ii as to the best nictliod of backfilling, but j)robably

the most certain way of gettin<>- the earth ])ack without trouble from

future settlement is by very thoroujih ramming of the material in a

moist condition, but not wet. Such thorough ramming is difficult

to secure, and it will usually be advisable to adopt the method of

backfilling through a good depth of water. Hydrants are often

deranged by being used for filling sprinkling carts. It is much i)ref-

erable to j)rovide water cranes for this purpose, numerous forms of

which are on the market.

All constructive features pertaining to the distributing system

should be carefully recorded on maps of adequate size and suitably

indexed. The exact location of pipes, hydrants, and valves is of

special importance. It will be convenient to have two sets of maps

for this j)urpose— one on a small scale showing arrangement and size

of i)ij)ing and ])()iiits of connection, and a set of large-scale maps,

each one sliowing a compariitively small section of the syst(Mn, on

which the detailed information can be recorded.

OPERATION AND MAINTENANCE.

97. The maintenance of conduits and large pipe lines involves

chiefly the work of cleaning and repairing. The various special

structures should be frecjuently inspected to detect any sign of weak-

ness, and in the case of large aqueducts the entire line should be

regularly patrolled. If the water carries sediment and has a low

velocity, the pipe line should be occasionally flushed by opening

the blow-off valves.

Masonry conduits are likely to become coated with slime and

organic growth, which will cause a large diminution of their carry-

ing capacity, and if allowed to remain may affect the quality of the

water. In such a case the aqueduct should be cleaned regularly

once or twice a year, or at longer intervals, depending on the rapidity

of the accumulations.

Large steel and cast-iron ])ij)e lines will rarely need to be emptied

for cleaning; but in some cases accunndations of oi-ganic gi'owth

have formed, which greatly obstructed the flow and which could not

be removed by blowing off. In certain waters, particularly those
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ri'lati\'cly soft, the iiitci-ior of cast-iron jjijx-s cornide (|iiito rujjidlv

as ('.\j)laiiu'<l {-Isowlinv. Tliis tuhercailation, as it is called, often

scrionsly reduces the carrying capacity of the pipe. The removal

of such incrustation will restore a lar<;;e part of the lost capacity, and

may l)c a nnich more economical method of increasini; the j)ressure

in a system than hy addini;' new pipes.

Lar<,fe j)ipes can he cleaned hy sendini; workmen throu<^h them,

hut ordinary pipes can only he cleaned hy fiushinn; or sendini: throuHi

them some form of mechanical scraper which nearly fills the pipe

and which is propelled hy the water pressure, ^'ery badly corroded

pi})es liaye been successfidly cleaned in this way.

To remoye sediment from the pipe system use is made of hlow-

otV yahes or hydrants. Dead ends may need (juite frecjuent flush-

ing on account of odors and had ta.stes deyeloping in the stagnant

water. Large leaks in mains will quickly make themsehes known,

especially if a recording pressure gauge is in use. Prompt action

in shutting off the supply is often necessary to prevent hea\'y damage.

Small leaks, if occurring in clay soil, will usually he indicated hy the

aj)[)earance of water at the surface, hut in porous soils, and especially

near sewers or drains, (juite large leaks may go unnoticed for years.

A serious form of corrosion which has giyen trouble in many
cities is the electrolysis which is caused by retiu*n currents from

single-trolley electric railways. In this sy.stem the return ciu'rent

is suj)posed to pass through the rails, but as these are not insulated,

a j)()rtion passes through the earth to neighboring pij)es or other

conductors leading in the right direction. This current then flows

along tin' pipe with more or less resistance until it reaches a neighbor-

hood where the rails or some other conductors are of lower potential

than the pipe, this being usually in the yicinity of the power station.

The current then leayes the pipe, and in so doing sets up corrosive

electrolytic action.

Electrol\-tic corrosion is in some cases so rapid that pipes are

practically eaten through in three to four years, and some of the

worst cases have occurred where the pressure is but H volts. The

remedies for electrolysis should apparently rest entirely with the

railway companies. A very important aid in preventing electrolysis

is the construction of a good return conductor by means of ijood

rail bonding and the use of ade(|uatc return wires. Then in those
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districts where the j)ij)es are of hi^lier potential tlian the rails, if^^ood,

low resistance connections are made between rails and pipes, or from

j)ij)es to special return wires, the current will leave the pipes without

passing into the ground and w'ithout causing trouble. Voltmeter

tests between pipes and rails, at various points over the city, will

determine the danger area.

Not infrequently considei'able trouble arises from the freezing

of service pipes which are not plac-ed at a sufficient depth. Occasion-

ally, also, small mains are frozen. Where the proper facilities exist

the best way to thaw frozen pipes is by warming them with an electric

current. For thawing service pipes a current of 200 to 300 am})eres

at a pressure of 50 volts is satisfactory, and will ordinai"ily thaw a

pipe in from 20 to 30 minutes. The current can conveniently be

taken from electric-light wires and reduced by a transformer.

Where the electrical method cannot ])e used steam may be

employed, not only to warm the pipe, but to excavate through the

frozen ground in a way similar to the operation of the water jet.

'I'he pipe may thus be reached at points 4 to 5 feet apart and gradually

thawed out. Service pipes are often tliawed by the use of a small

steam pipe inserted in the service j)ipe through the house end, or

from an opening at an excavation outside. (Iroimd may be thawed

by maintaining a fire r)n the surface for several hours, or more readily

by the use of a gas flame projected against the soil.

Valves should be inspected occasionally to detect leakage and

to ascertain if they are in working order and the boxes clean. Fire

hydrants require very careful attention, especially in cold climates,

as it is of the greatest importance that they be at all times available.

The chief trouble with fire hydrants is from the freezing of the \;dves

due to imperfect drainage, although a hydrant branch sometimes

freezes up.

Hydrants should be (ai'efully exaniincd on the aj)proacli of

cold weather and put in good condition. Valves should be tight

and the hydrant thoroughly drained. If so located that the hydrant

caimot be drained, it should be j)uniped out each time after being

used. To ascertain if a hydrant is (hained, a lead wi-ight tied to a

graduated cord can be let down thiough a nozzle. Ilydiaiits should

never be opened unnecessarily in cold weather, and nevei- by others

than those responsible for their condition In very cold climates
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it is I'ouiid (ic.siial)ic alter iisiii<i- a hydrant to oil the j>ackiiig and tiie

lint a^tlK' to[) with kcrosciir in order to [)irvent .sticking of the valve

and nut.

To thaw frozen hychants, a small portable, steam hoiler is com-

monly employed, which is provided with a length of hose for conduct-

ing steam to the bottom of the hydrant. Hot water may also be used,

and for mild cases a little salt may be ed'ective. After thawing, the

water should always l)e pumped out.

In the management of the {)umping station the best results can

only l>e obtained by employing thoroughly competent men. The

item most susceptible of variation is the cost of coal, and every effort

should be made to retluce this to the lowest practicable limit. A
daily record should be kept of the weight of coal and of ashes, .so

that the efficiency of the .service can be known at all times. Reserve

machinery should l)e operated frequently to make sure it is in good

condition and can l)e started when called for. This is especially

important where it is depended upon for fire pressure.

Records .should, of cour.se, be kept of the amount of water

pumped per <lay, and the pressure maintained; al.so of the time

during which special fire pre.s.sure is furni.shed, and the amount of

water pumped at this pressure. Recording pressure gauges are of

the greatest value in maintaining the efficiency of a plant.

'I'he maintenance of earthen reservoirs calls for little more than

has already been mentioned in section 70. The cleaning of such

reservoirs may need to be done frecjuently. It is usually accom-

plished by flushing out the mud through the wa.ste pipe by means of

a lio.se, as in the cleaning of settling basins. Standpipes and tanks

may recpiire occa.sional flu.shing or blowing out, and will need to be

repainted at intervals of a few years. They should al.so be inspected

for signs of excessive corrosion or of electrolysis, and for any indication

of weakness or wear at the base. Wooden tanks need rigid and fre-

quent in.spection to ascertain the condition of the wocjd and of the

hoops. One or two of the latter will probably need to be occasionally

removed to determine this point.

98. Detection and Prevention of Waste. From the data

given in section (1 it was made evitlent that a very large per-

centage of die water suj)plied to American cities is wa.sted by the

consumer and lost by leakage. In many cities the consumption of
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water is easily double the amount which can possibly be made use

of, and in a very lar<>;e proportion of them the wastage is fully one-

third of the entire (juantity supplied. This excessive use of water

not only increases tiie cost of punij)ing unnecessarily, but adds to

the expense in all parts of a waterworks system.

Uncjuestionably the easiest and most rational method of j)re-

venting the waste of water is by the use of meters, so that each con-

sumer will pay for what he uses. It furnishes also the most ecpiitable

basis for cliai'ging up the cost of .service, as by any other system the

careful user is forced to pay for the water wasted by his careless

neighijor. The use of meters is becoming much more general, and

in most cities the larger consumers, at least, are now metered; but

a very large part of the loss or waste is due to the small consumer,

so that the full benefit of the system will not be felt until the use of

meters becomes general. Usually much opposition is raised to the

introduction of meters, but after they have been put into use the

results are commonly such as to cause them to l)e greatly favored by

the community. As a system of waste prevention it is always in

.service, and for that reason is far superior to any .system of insjx'ction.

In nearly all ca.ses the decrease in co.st of su})plying water after the

adoption of meters much more than balances the co.st of the meters.

If meters are not used, .some method of inspection is highly

desirable whereby the most .serious ca.ses of wa.ste can be detected and

the consumption kept within rea.sonable limits. The mo.st common
method is a house-to-hou.se inspection, carried out one or more times

j)er year for the purpose of examining the plumbing fixtures. Any

leaky or imperfect fixture is ordered repaired, and the premises

re-inspected shortly to make sure that the order has been complied

with. Persistent refu.sal is followed by the shutting off of the supply.

One of the weak points of the meter .system is that it fails to

detect leaks in the mains or in the .services beyond the meters. To
localize a leak in a main, a waterphone may be u.sed, which consists

of a staff of wood or iron having at one end a diaphragm and ear

piece similar to a telephone receiver. The staff is placed again.st the

pavement over the pipe at various ])oints, and tlie ear apj)lied to

the receiver, when any .sound made by a leak is readily j)erceived.

^lany different kinds of meters are on the market, most of which

will give satisfactory .service if jiroperly treated, and many of them
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Ikivc Ix'i'ii tli()i-()U<;lily testt'd hy years of use. No new form of meter

should he adopted without thorough and long continued tests, and

in all cases it is well to specify the desired requirements of a meter,

and to test all new meters, in order to insure uniformly good work-

manshij).

The general requirements of a meter are—a fair degree of accu-

racy, al)ility to register approximately cpiite small rates of fiow, suit-

able capacity for a given loss of head, durability, and low cost. AH
of these refjuirements except that of durability can readily be deter-

mined l)y a biicf test. Some notion of the durai)ility can also be had

by a careful inspection of the ])arts, and by ruiming a meter at a

rapid rate for a considerable period and again determining its accu-

racy and sensitiveness. Maintained accuracy, accessibility, and

ease of repairs are the most important (jualities of a meter.

^Meters should be so designed that the various parts will be

easily accessible and readily replaced, and the moving parts protected

from serious injury ])y frost. The latter object is usually accom-

plished by frost bottoms of cast iron, or cast-iron cases, made so as

to be more easily broken than other and more costly parts of the

meter.

99. Water Rates. The several services performed by a

waterworks are: (1) to furnish water for private use; (2) to furnish

water for public use on the streets, and for sewers, fountains, pn])lic

buihhngs, etc.; and (3) to furnish fire protection to property. In

(1) and (2) the cost of service may be considered approximately

proportional to the quantity of water supplied, but in (3) it is out of

all proportion to the amount of water used, for while the cost of con-

.struction is greatly aflfected, the total amount of water consumed is

slight. The extra cost involved in furnishing a(le(|uate fire protection

is due to largely increased pumj)ing ca])acity, increased size of mains,

reservoirs, or standpipes, cost of hydrants, and increased cost of

maintenance. Estimates of careful observers place the proportion of

cost chargeable to fire protection at one-third or one-half the entire cost.

The sources of revenue are the water rates and the fund received

by general taxation. The former are ])aid by those who use the

water, and more or less in proportion to the amount used. The
latter are paid by assessment on all taxable property. If the revenue

be so raised that each interest served be charged according to the
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f'ost of the service, it would appear from the preceding section that

the cost of furnishing water to private consumers should be paid by

water rates; that the cost of supplying- water for public purposes

should be paid by taxation and according to the amount of water

used; and that the cost of fire protection should also be met by

taxation, since the individual is benefited by reason of the protection

afforded to property.

The exact proportion of the revenue which should be derived

from each source depends much upon local conditions, such as size

of town, character of supply, etc. In many small towns the works

are primarily installed for fire-protection purposes, in which case

nearly all the expense should be met by taxation. It is also good

policy to begin with fairly low water rates, so as to encourage the use

of water, but to enable this to be done a large proportion of the

expense will have to be met for a few years l)y taxation.

The proportion of the revenue to be derived from private con-

sumers requires careful consideration in its adjustment. The most

equitable method of apportioning the cost is by the meter system.

In fixing rates imder this system, allowance should be made for the

fact that (juite a large percentage of the water recorded at the pump-
ing station cannot be accounted for, and rates per unit of volumes

registered by the meters must be correspondingly raised.

Meter rates are usually graduated, that is, a less rate is charged

for large quantities than for small ones. This is partly on the ground

that the cost of meter maintenance, keeping of accounts, etc., is

})roportionally greater for small quantities, and partly by reason of

the policy of encouraging the operation of factories which contribute

largely to the general prosperity of the community, and which may
reciuire large amounts of water. In establishing a graduated schedule,

it should be so made that the lower rate shall apply only to the addi-

tional water used beyond the limit of the next higher rate. A good

example of such a schedule is as follows:

For the first 5,000 cu. ft. \)vr (> months, 20 cts. per 100 cu. ft.

" " next 1.5,000 '

" - " lOOOO "

" " " 30,000
"

" " " 30,000
"

" over 00,000 "

A minimum charge of .D!2.00 per months is made.
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An ohjrctioii to the iiu'ter systciii wliicli is often advanced is

that it discourages the use of sufHeient water for sanitary' purposes,

but this is entirely obviated l)y making a small minimum charge,

such as given above, which will be enough to allow the use of an

abundance of water for sanitary purposes, and at the same time

will cover the expense of meter maintenance.

Most cities meter the larger consumers, but com])aratively few

have yet introduced the full meter system. In such cases private

houses are charged mainly by the fixture. Usually a minimum

family rate is charged for kitchen use, then an additional rate for

each bath tub, water closet, wash bowl, stable hose, lawn hose, etc.,

with often other variations depending upon the mfmber of rooms,

number of occupants of the house, etc. Little data exists as to the

actual amount of water used by different fixtures, and the rates are

lai-gely arbitrary.

PURIFICATION OF WATER.

100. Object and Methods. In the purification of public

water supplies the primary object is usually to remove from the

water any traces of pollution that may give rise to disease, or, in

general, to remove any disease germs that may possibly infect the

supply. It is often important also to remove the suspended matter

where the water is turbid. Sometimes also the water contains so

much dissolved mineral matter that it is desirable to remove a part

of this to render the water more suitable for manufacturing as well

as for domestic purposes. Thus, a very hard water is undesirable

to use for boiler purposes as well as for culinary and laundry uses.

The various processes of purification may be divided into two

general groups: (1) Those for the removal of suspended impurities,

and (2) Those for the removal of dissolved impurities. Of the first

class there are two general processes, sedimentation and filtration,

both of which may be called natural processes. By sedimentation,

water may be more or less freed of its suspended matters, including

the bacteria, the efficiency of the treatment depending much upon

the element of time. The process is carried out artificially in large

storage reservoirs or in small special settling basins.

Filtration is accomplished in different ways. The most com-

mon is by means of the artificial sand filter bed, either as contained
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in jnasonrv husins of large size, or confined in small tanks as in the

so-called mechanical filters. The chief object is in all cases the

removal of the suspended matters, and in most public supplies

])articidar attention is paid to the removal of bacteria. The proc-

esses for the removal of dissolved impurities include the softening;;

process, in which lime and magnesia are removed by chemical pre-

cipitation, and the process for the removal of iron in a similar maimer.

Sncli methods nsuallv involve subse(|uent sedimentation or fihration

for the removal of the j)rccij)itate.

SEDIMENTATION.
101. In streams such as would be considered suita])le as sources

of supply the sediment is principally of an inorganic nature, con-

sisting of particles of sand and clay of various sizes. The amount

and character of the sediment varies greatly from time to time;

it depends largely upon the stage of water in the different tributaries,

and upon the geological character of the various parts of the drain-

age area. In the Ohio River water at I^ouisville it varies from 1 to

5,000 parts per million, ranging ordinarily from 100 to 1,000; the bac-

teria varies from a few hundred per cubic centimeter to as high as

50,000. The size of the suspended particles also varies greatly. In

some waters the finer particles of clay are less than 0.00001 inch in

diameter, which is smaller even than bacteria. This great variation

in amount and kind of sediment constitutes one of the most trouble-

some factors in connection with purification works for river supplies.

Where the body of (juiescent water is sufficiently large, and the

period of repose sufficiently long, this action of sedimentation becomes

practically perfect, and a clear and greatly improved water is the

result. Artificially, such high efficiency is often obtained where the

water is collected in large impounding reservoirs holding several

months' supply. Where, however, the supply is taken directly from

a large sediment-l)earing stream, very large reservoirs are usually

impracticaljle on account of the great cost; and the period of time

during which sedimentation can be operative must therefore be

limited to a few days or even to a few hours. Such a limited amount

of sedimentation is, however, of nuich value.

Where a water contains little that is objectionable besides the

inorganic sediment, a degree of purification can often be obtained
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by more scdiiiu'iitatioii which will render the water fairly iiccejjtuhle.

In many instances, however, a satisfaet()r\' water cannot he oI)tained

without subsequent filtration; but in this case tlie process of sedi-

mentation constitutes a very valuable and almost indispensable })re-

re([uisite to the final treatment. For a sewage-polluted water, sedi-

mentation alone is an inadequate treatment, as the l)acteria are not

eliminated in sufficient numbers to insure safety.

Sedimentation may be employed as a preliminary treatment

of a water that is to be filtered or it may be used as tlie final and

only treatment. In the former case a fully clarified Avater is not

essential, but in the latter case it is greatly to ])e desired, although

not always possible.

There are two methods to be considered : (1) Plain sedimentation

;

(2) Sedimentation with the addition of a coagulant. For j)lain

sedimentation a period of 24 hours' subsidence is al)out the minimum

limit adopted, l)ut this will seldom give a clear water. A consider-

ably longer time Is often necessary to give acceptable results. For

some waters it requires weeks and even months to remove all the

turbidity, while for others a settlement of a day or two accomplislu\s

fairly good results. If the amount of suspended matter is measured

by weight, a large proportion will settle in one or two days; but the

reduction in turbidity is not correspondingly great, as it is the finer

portions which exert the greatest influence upon the appearance

of a water. In the case of the Mississippi at St. Louis, it is prac-

tically impossible to clarify the water in the spring by simple sedi-

mentation, owing to tlie attenuated condition of the clay particles.

There is a marked degree of bacterial purification in sedi-

mentation, yet it should be kept in mind that such a method is ex-

tremely hazardous, especially where the water supply is subject to

any sewage pollution. Experience shows that sedimentation alone

is insufficient to j)rotect a city against a polluted water supply.

Various chemicals when added to water will combine with

certain substances ordinarily present, forming precipitates which

are more or less gelatinous in character. These act as coagulants

to collect the finely divided suspended matter into relatively large

masses which are much more readily removed by sedimentation or

filtration. Color may also frequently l)e removeil to a large extent

\>\ this treatment. If a water can be satisfactorily purified the

187



120 WATER SUPPLY

o;reatcr part of tlie year by ])laiii sediinentatioii, the use of a

coagulant at other times as an aid in the j)roeess is well worth

consideration.

Several substances can be used as coajj^ulants. That most

commonly employed is sulphate of alumina. ^Vhen this substance

is introduced into water containin*^; carbonates and l.icarbonates

of lime and ma<jnesia, it is decomposed, the sulphuric acid forming

sulphates with the lime and magnesia, while the carbonic acid is set

free, and the alumina unites with water to form a bulky gelatinous

hydrate which constitutes the coagulating agent. If the water does

not naturally contain a sufficient amount of alkalinity to decompose

the necessary amount of coagulant, lime should be previously added

to the water. The regulation of this matter must be })ut into the

hands of an expert, as an excess of alum in the water is very undesir-

able if not actually dangerous.

The amount of chemical required depends upon the amount

and character of the sediment, upon the degree of purification desired,

and upon the time of settlement. It varies in practice from about

i grain to 3 or 4 grains per gallon. The proper amoimt can only

be determined by experiment.

The rate of sedimentation depends greatly upon the amount

of coagulant employed. It takes place much more quickly than

where no coagulant is used, so that a large part of the action will

occur in a few hours. With a fair amount of coagulant, the sediment

remaining after 24 hours' subsidence will settle very slowjy; and this

period may be taken as about the maximum economical figure.

Much less time than this can be used in many cases. Where the

water contains large amounts of sediment, it will often be more

economical to allow the coarser particles to settle before applying

the coagulant. This will reduce the cost of chemicals and give a

more satisfactory result.

Settling basins are constructed in accordance with the same

general principles as other reservoirs; in fact, in many cases distrib-

uting reservoirs or storage reservoii's act also as settling basins

Where, however, but a short time is allowed for settling, and reservoirs

are intended for that special purpose, there are differences in detail

which should be considered. Settling basins are usually supplied

with water by means of low-service pumps, and from the basins the
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water flows into a c-lear-watcr rcscivoir, or to a pump well, or to

filters, as the ease may l)e.

102. Methods of Operation. There are two (general methods

of oj)eratin(i: settlin<i; hasins: (I) the constant-flow method, and (2)

the intermittent or hll-and-<lraw method. In the former the water

is allowed to flow at a very slow velocity through one or more reser-

voirs, during wliich time the settling takes place. In the latter the

water is let into a basin and allowed to remain quiescent during the

period of subsidence. It is then drawn off to as low a level as efficient

clarification has taken place, and the l)asin refilled. It is probable

that c-ertain waters can be treated best by one system and others bv

the other system, but this is a matter which can only be determined

by experiment. The method of fill-and-draw, used at St. Louis,

is thought by the engineers in charge to be more suitable for condi-

tions at that place.

In several plants using Missouri River water the constant-flow

system is used. At Cincinnati, Ohio, the fill-and-draw method is

used, but it is stated that this is on account of matters pertaining to

the form of the basins which are purely local in character. In the

fill-and-draw method no settlement of fine particles can commence

imtil the operation of filling is completed, which condition materially

reduces the time of subsidence. On the other hand, the water becomes

more quiet than in the other process, and this operates to its advan-

tage. If the basins are operated on the constant system, a single

basin can be made to suffice—an arrangement cpiite suitable for a

relatively clear water where sedimentation is a secondary matter,

or merely a preparation for filtration. If there is much sediment,

at least two basins are needed, in order that one may be cleaned

without interrupting the supply. In case a coagulant is used after

partial sedimentation, two basins would be necessary and three

would be desirable. With the fill-and-draw method, the number

becomes a question of economical construction and operation . This

will usually be from 4 to 6.

For a single rectangular basin of given area the square is the

most economical form. For a number of basins they should be

made rectangvdar in shape with a width about three-fifths of the

length and arranged side bv side in one row.

In general, settling basins are built similar to ordinary reser-
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voirs, partly in excavation and partly ])y embankment, so as to

secure the greatest economy. Earthen slopes will usually be cheaper

than masonry walls, but with the fill-and-draw method the former

have the disadvantage of exposing the mud at each period of emptying.

They are, however, more often used in sj)ite of this. The depth of

basins is made about such as to give the most economical construction,

veiT shallow basins being avoided. The time of settlement is found

not to be materially affected by depth.

Fig. 39 illustrates the arrangement of the large St. Louis basins.

The basins are of 22,00(),()()() gallons drawing capacity each. Tliey

are built with masonry side and partition walls, and linings of con-

crete, on about IS inches of puddle. Through the center runs a

ditch having a slope of 1 per cent, and leading to a 24-inch drain

pi])e at the east end. The floor also slopes towards this ditch from

both sides. The filling is done through a OO-inch pipe leading from

a filling conduit of masonry. The drawing is done at the east end

through two sluiceways, 4 by 5 feet in size, which take the water

from about 5 feet al)ove the l)()tt()m. The water passes thence

through a GO-inch pipe into the main delivery conduit.

In the continuous flow system the object to be obtained is the

distribution of the water on entering as evenly as may be across

one side or one end of the basin so that it shall enter with as little

disturbance as possible; then to draw it off in a similar manner from

the opposite side, and from the stratum of clearest water. As far

as j)ossil)le all })arts of the water should remain in the l)asin equal

lengths of time, and all strong currents should be avoided. The
ordinary inlet is usually a single large pipe laid through the embank-

ment, or a single sluice gate in a gate chamber built in the walls. A
better distribution of the water could be obtained liy means of several

inlets, or several branches from a single inlet pipe. The withdrawal

of water in this system should take place fi-om near the surface.

Broad weirs formed in the wall, or made of iron troughs, are fre-

(juently used.

In the fill-and-draw system the inlet is arranged in the simplest

way, as in an ordinary reservoir. The position of the outlet is of

more importance. If but a single one is used, it will need to be at

the lowest point of outflow, and so w'ill not draw from the clearest

stratum except near the end of the operation. The difference in
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clearness at diflerent depths after 24 hours' subsidence or more is,

liowever, not very fjjreat. To enahle the sediment to he removed,

the bottom of the basin should be made slii,ditly sloping (1 to 2 per

Ckamisn

Fig. 3'J. St. Loiiis Settling IJasiu.

cent tirade) towards ;i central (h'ain lea(Hn«,^ to an (tufltt n;ate or to a

drain pi|»e. 'J'lie iiuid is removed h\ niisliin<:; into it the drain bv
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iiieans of a hose stream, supplied from a lii<;h-pressure main. The

cleaning is done at intervals depending entirely upon the local condi-

tions, and may be every month or so, or only at intervals of years.

The longer the nnid is allowed to remain the more compact it becomes

and the more difficult to remove, ])ut the change in compactness takes

j)lacc ((uite slowly.

Where the basins are operated on the continuous-flow system

and the water passes from them directly to the pumps, it is necessary

to construct a small clear-water or pump well to avoid the necessity

of too frecjuent adjustment of the rate of supply to the basins.

5L0W SAND FILTRATION.

103. The first filter of which we have any record was estab-

lished in 1829 for the Chelsea Water Company, of London. The
chief object of this filter was to remove turbidity, and in this it was

a success. Its value in improving the water from a hygienic stand-

point was also appreciated, although the principles underlying its

action were not understood until some years later. As a conse-

(juence of the good results obtained from this filter, the filtration of

all river-water supplies of London was made compulsory in 1855.

Within the last fifteen or twenty years the use of sand filters has

become almost universal abroad wherever surface waters are used.

In Germany it is made compulsory. In the United States it is only

very recently that this subject has received the attention that it merits,

but within the last few years many small cities and several large

ones have installed efficient filter plants.

In the slow sand filter the sand bed is constructed in large water-

tight reservoirs, either open or covered, each having usually an area

of from ] to 1 \ acres. On the ])ottom of the reservoir is first laitl a

system of drains, then above this are placed successive layers of broken

stone and gravel of decreasing size, and finally a bed of from 2 to 5

feet of sand which forms the true filter. The water flows by gravity,

or is pumped, upon the filter, passes through the under drains to a

collecting Avell, and thence to the consumer. Water containing

much sediment is usually first j)assed liu-ougli settling basins, where

a large part of the sediment is removed.

As the water filters llirongli llic .sand, llie friction causes some

los.s of head, \\hich gradually increases as the filter becomes clogged
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with f()rei<?n matter. The rate of filtration is, however, maintained

nearly uniform hy suitaljle re<,nilatini; devices which vary the head

accordinji; to the resistance. When the working' head has reached

a certain fixed limit of a few feet, the water is shut off, the filter

drained, and the surface cleaned by removin<5 a thin layer of clof^^ed

sand. The operation is then resumed. Before the thickness of the

sand layer becomes too greatly reduced, clean sand is added sufficient

to restore the filter to its original depth.

Besides the method of construction, the chief characteristic oi

this system of filtration is the slow rate of oj^eration, usually not

exceeding 2 or 8 million gallons per acre per day.

The chief features to consider in this form of filter are the j)roj)er

construction of sand bed and drains, the rate of filtration and its

regulation, the loss of head, cleaning of beds, washing of sand, and

the contr 1 of the operation by bacteriological tests.

104. Rate of Filtration. In the design of a fiher plant the

first (juestion to l)e settled is the rate of filtration which shall be

adoj)ted. The higher the rate the less the area required and hence

the less will be the first cost; but the cost of operation is not greatly

affected by the rate. In general high rates of filtration will give less

efficiency than low rates, but imtil the rate exceeds a certain amoimt

the difference in efficiency is small.

Rates of filtration are in this country usually stated in terms

of gallons per acre per day or per hour. The experience of European

works has resulted in the adoption of a rate, for most places, of

between 2 and 3 million gallons per acre per day, but in this country

somewhat higher rates have l)een favored. Probably 3 or 4 million

gallons is as high as it would in general be advisable to go in the

design of a new plant. If subsetjuent operation shows that a higher

rate can be adopted with efficiency and economy, the fact can be

taken advantage of as the demand for water increases. It should

not be overlooked that there may be cases, where, with a moderately

])olluted water, all the practical benefits of filtration can be secured

at rates much higher than are usually employed. Each case demands

independent consideration in order that the best and most economical

solution may be arrivetl at. Sudden changes of rate are apt to pro-

duce disturbances in the filter and to give a reduceil efficiency. In

practice, absolute uniformity of operation is unnecessary, but sudden
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changes in rate should be avoided, and especially any large increase

al)()ve the normal.

105. Capacity. The standard rate having ])een determined,

the recjuired net working capacity will be e(jual to the maximum
rate of delivery divided by the assumed rate of filtration. To econo-

mize area and to avoid rapid changes in rate, a clear-water reservoir

should be provided. The best size for this will depend on local

conditions, but it will usually be desirable to have it of sufficient

ca})acity to etjualize the demand throughout the day. It will then

be necessary to var\' the rate of filtration only to accord with the

daily variations in consumption. In .section G it was shown that

the maximum daily rate of consinn])tion is likely to be about 150

j)er cent of the average, and with a dear-water reservoir of the

ca})acity mentioned above, the filters must be designed to deliver

at this maximum daily rate.

In addition to the area as above founcV, a reserve area for cleaning

must be provided. For small works this will be one bed; for works

containing several beds it will be necessary to allow one bed for each

.") to 10 beds, depending on tli(> fre(juency of .scraping and the time

recjuired for putting a filter into operation after cleaning. The proper

size of beds is chiefly a (piestion of economical con.struction. "^I'lie

larger the beds the less the cost per acre, but the greater will be the

area out of .service in the one or more i-eserve beds. Ordinarily the

size for a considerable number of beds is from 1 to 1.5 acres for open

beds, a'nd from .4 to .S acres for covered l)eds. For small total

areas of .5 to 1 acre three beds would ordinarily be u.sed, and for .still

smaller areas two beds. The economical number can in any ca.se

be determinc-d by comparative estimates, but under ordinary con-

(Htions the nnniber should be about as follows:

For a total area of 1 acre ."> to 4 beds.

:i
" 5 "

() "

()
" 7 " 10

"

Filter beds are usually made rectangular in form and arranged

side by side in one or two lous according to tiie number. In general

con.struction a filter l)asin is built in a way similar to small distrib-

uting rcsci'voirs. (See section 70.) Maitli cnibankments for the

sides are cheaj)er than masonry walls, but rccpiire more ground.

If the filters are covered, ma.sonry walls are usually employed. I'artic-
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iilar care iniist be tikeii to render the basin water-tiglit botli on tlie

bottom and at the sides. Cracks in (Hvision walls are likely to admit

unfiltered water to the nnder drains and should be especially guarded

against.

The depth of open filters is made only sufficient to contain the

necessary depth of filtering materials and water, as explained subse-

quently, and still have a margin of 2 or 3 feet from the water surface

to top of the embankment. This will give a total depth of 9 or 10

feet. In closed filters the distance from top of sand to cover must l)e

sufficient to give head room for workmen when cleaning the filter,

a distance of about feet.

Covers for filters are constructed of the same general form and

arrangement as described in section 7S. ^Masonry or concrete

vaulting is usually employed, although wood has been used; but the

latter does not afford as good a protection from freezing or from sum-

mer heat. Admission for workmen is provided by a gangway leading

from Mil opening at a point wliere the vaulting is raised. Walls and

piers should be built with small offsets near the bottom in order to

insure go(j(l filtration at that point. A covered filter is illustrated

in Fig. 33.

The ])rincipal reason for covering filters is to avoid the difficulties

connected with the operation of open filters in winter. To clean

filters when covered with ice is a troublesome and expensive oj)eration,

requiring the removal of the ice or the use of special methods giving

inferior results. If the filters are drained for cleaning, trouble also

ari.ses from the freezing of the sand. The cleaning of beds is thus

not likely to be done as promptly as desirable, and the result of winter

operation will be a decreased effective area and a lowered efficiency.

Whether covers should be used (le[)ends upon the extent to wliidi

ice will form, the frecjuency of the occurrence of thaws which will

enable a filter to be properly cleaned, and the length of time between

cleanings as determined by the character of the water.

106. Filter Sand. Experiments show that very fine sand is

considerably more cfHcient in removing bacteria than ordinary or

coarse sand, but within the ordinary limits of size there is but little

difference in efficiency. The finer sands, however, cause a steadier

action and j)revent disturbances due to scraping; they also cause a

greater loss of liead in the filter, and so make the action more uniform
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over the filter area. On the other hand, fine sand becomes clogfjjed

sooner than coarse and involves therefore more expense in cleaning.

It is desirable that a sand be faii-ly luiiform in grain. If the

]>articles vary greatly in size, it will be difficult to wash, and in fact

will have much of the finer particles removed in the process, thus

increasing the effective size. It is especially important that the sand

should l)e of the same grade in all parts of the same filter in order

that the frictional resistance, and therefore the rate of filtration,

shall be uniform. In designing a filter it should be noted that the

sand forms the filtering medium; the gravel serves simply to collect

the filtered water with little resistance to flow. There is no object

in having the main body of sand of different sizes.

The depth of sand must be sufficient to form an effective filter and,

besides, to allow of several scrapings without renewing the sand. The

effect of deep beds is similar to that of fine sand in steadying the action

of a filter, and it has been clearly shown that the operation of beds 4

to 5 feet thick is not so much affected as that of beds 1 to 2 feet

thick by such disturbances as variations in rate, scraping of beds, etc.

A depth of 3 feet is about right, with one foot allowed for scra})ing.

The depth of water on the filter should be sufficient to enable

the desired maximum head to be used without re'ducing the pressure

in the filter below atmospheric; and as the resistance is nearly all

at the surface of the sand, the depth must be about equal to the

maximum head to be used in forcing the water through the filter.

The depth must also be greater than the thickest ice likely to form.

Beyond these limiting depths any increase serves only to increase

the expense of construction.

107. Drainage Systems. To collect the filtered water a sys-

tem of under drains is necessary. The important points to be con-

sidered in its design are durability and freedom from derangement,

and that the loss of head therein shall be small. The system of drains

usually consists of a large central drain running the length of the filter,

and branch drains at right angles thereto placed at regular intervals,

usually of 8 to 12 feet. The central drain may be either of large vitri-

fied pipe, as in Fig. 40, or of masoiu'v. The branch drains are usually

of 4 to S-inch round or special tile, laid with open joints.

To conduct the water to the lateral drains, coarse gravel an inch

or two in diameter is filled about the drains and spread in a layer of
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G inches or mow in depth evenly over the floor of the filter, or, if the

bottom of the filter is irregular, it may he arranged as shown in Fig.

40. Ahove this coarse gravel are then placed three or four layers of

finer gravel, each successive layer being finer in size, but not so fine a^

to settle into the previously laid layer. The last layer is made fine

enough to support the sand. The thickness of these layers need be

only 2 or 'A inches if carefully laid, or just sufficient to insure that the

next layer below is well covered.

The gravel used should be carefully screened and, if dirty, washed.

It is readily sized by revolving or fixed screens, using for this purpose

( S ShMt Stffl POTU

El 12r.'Sv_^^^] = incb Air Spjc.

Pler-

jo^^^^^^MSigftrtfcBS^^g^^g^i
^23 m.ra.Gi-avel

(Maximum)

Fig. 40. Details of Drains, Albany Filter Beds.

three or four different .sizes. The smallest should have about a ^g-

inch mesh, and each larger size about double the .size of me.sh of the

next ])receding. As a filter becomes clogged the head necessaiy to

cause filtration at the assumed rate increases. By allowing the head

to increa.se to a high figure the filter can be operated longer without

scraping and so a saving in operation effected. On the other hand,

high Ijsses of head recjuire more pumping, a greater depth of filter,

and have a detrimental effect in compacting the sand. A maximum
loss of head of 4 or o feet may be taken as good i)ractice.
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108. Arrangement of Inlet and Outlet. Water is ad-

mitted to the filter through a single branch main at ahout the level of

the surface of the sand. The flow is usually controlled by a valve

operated by a float, so as to maintain the water in the filter at a con-

stant level. A gate valve is provided in addition, to enable the water

to be completely shut ofi^ at any time. If the water level on the filter

is kept constant, the rate of filtration must be regulated, as the filter

becomes clogged, by lowering the water level or reducing the ])res-

sure at the outlet. In the older filters no arrangement was provided

for regulating each filter independently, but each was connected to

the dear-water well by a short pipe fitted with an ordinary valve.

The head on all filters was consequently always the same, excej)t as

it might be controlled by throttling at the valves. The eft'ect of un

ccpial heads on the rate of filtration, where some of the filtei-s might

be freshly cleaned and others badly cloggetl, can readily be imagined.

The regulation of head requires, first, some form of measuring

device, such as a weir or orifice, by which the rate of filtration can l)e

ascertained at any time by floats and indicators; and, second, the con-

trolliuir of the head on this weir or orifice either bv hand or automat-

icallv. Floats are also rec[uired to show the level on the filter and the

head in the main drain, the dift'erence of which is the workmg head on

the filter. The apparatus for regulation is placed in one or more

chambers with which the main drain of the filter connects.

Automatic regulators for delivering water at a constant rate are

in use in a number of places. They usually consist of a weir in the

form of a telescopic tube which is supported by means of a float in tiie

chamber connecting with the under drain. By adjusting tlu> float,

the edge of the weir can be maintained at any desired distance b(>low

the water surface. Besides liie inlet and outlet pipes, a tlrain j)ipe

nnist be provided through which the water may be drawn oft'. This

is usually connected with the chamber into which the main drain

o))ens. An overflow pipe is also necessary to provide against any

railiire on the part of the inlet regulator. This connects with tlie

drain pipe.

Arrangements should be nnule for wasting the liltered water in

case it should be necessary, also for drawing olV the water from above

a filter down close to the sand layer in order to save time in emptying;

and facilities should be provided for sampling water from various
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points in llic system. Hy-j»asscs slioulil he j)r()vi<l(M| to ciialdc citlier

si'ttliM«( hasin or (liters to he cut out it' necessity arises. For furnish-

ing water for sand-wasliiuf; and various j)urj)oses, coiuiectiou must

be made with lii<j;h-piessure mains.

109. Cleaning Filters. When a filter has become clogged

and has reached its highest allowable loss of head, it is drained and

then cleaned by removing by means of broad thin shovels a layer of

clogged sand from I to 1 inch in thickness. The surface is then

smoothed with a rake. The sand is removed from the filter by means

of wheelbarrows or small cranes, and deposited at a convenient point

where it is cleaned after a considerable quantity has accumulated

—

or is wasted in case it is cheaper to use new sand than to clean the old.

After scraping, the filter is filled, preferably from below, with filtered

water until covered 2 or 3 inches deep; then raw water is run on to

the usual (le])th, and the filter again started into action. At intervals

of a year or so, and before the layer of sand has been reduced below

a desirable minimum thickness, the bed is restored to its original

depth by the addition of clean sand. xA^fter cleaning and filling,

the filter should be started slowly and gradually. The sand that

has been removed is allowed to accumulate until it is desired to replace

it in tjie bed. Before replacing it, however, it is washed to free it of

the accumulated sediment, ^"arious effective devices are employed

for this washing operation.

110. Control of Filter Operations. The most accurate way

in which to control the operation of filter plants is to subject

the water to a bacterial examination. This should be made at fre-

quent intervals so as to note any possible changes in quality. The

experience with European filter systems has shown that an impair-

ment in quality has not infrequently been detected in time to prevent

outbreaks of disease. In the larger filter plants, a bacteriological

laboratory should be installed, and daily tests of the effluent made.

The filter beds shoidd be arranged so that the effluent from each can

be tested separately, and provision made so that the filtered water

can be rejected from any one filter if not up to standard. The care-

ful control of the operations is a matter of great importance. In

testing filters as to their efficiency, samples should be collected at

periods when the effluent is likely to be the least favorable, as during

frost periods, heavy rains, and periods of greatest consumption.
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111. Results of Filtration. Tlio most apparent, result of

filtialiou is in llir removal of all the siisj)eii(le(l matter in the water;

hut more imj)oi-tant than tJiis, a sand filt(>r will remove very nearly

all the bacteria originally present in the water. This is specially

exemplified in the reduction of the deathrate from typhoid fever

foUowinif uj)on the installation of a filter plant. Rut to secure con-

tinually ji'oo<l results it is essential that such works as filter j)lants he

under eflicient control.

RAPID FILTERS.

1 12. The Rapid, or as it is often called, the Mechanical Filter,

is a form of filter desifjned to accomplish results in the way of purifi-

cation com])aral)le with those obtained by the slow sand filter already

discussed, but with a much smaller sand area. It is like tlie sand

filter in that the filtering material consists of a bed of 2 to 4 feet of

sand or crushed quartz, but in other respects the construction and

operation are widely different. The chief points are the very rapid

rate of filtration (100 to 125 million gallons per acre per day), the

use of a coagulant to aid in filtration, and the manner of washing the

sand bed. Methods of operation and mechanical details are, to a

large extent, covered by patents, and the filters are manufactured

and sold by various filter companies.

Briefly, the filter consists of a wooden, steel or concrete tank in

which the filtering material is placed and supported on a system of

screens of various designs. In some forms the tanks are open and

operated by gravity, and in others are closed and operated l)v pres-

sui'e from the ])ipe system. When the filters become clogged through

the accumulation of sediment on the surface, they are washed by

forcing water in a reverse direction through the sand. During this

process, the sand is, in most cases, agitated by means of mechanic-al

agitators reaching deeply into the sand layer or by means of com-

pressed air.

Two well-known types of filters are illustrated in Figs. 41 and

42, In the first, the water enters the settling chamber at the bottom,

pa.s.ses up through the central tube to the top of the filter and thence

downwards through the sand to the collecting pipes located between

filter and settling tank. Where a coagulant is used it is introduced

before admission to the filter bed. The figure shows the agitators
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which are operated wlicn the filter is washed. When not in use they

arc raised out of the sand, 'i'he wash water j)asses oil" <>ii all sides

over the top of the inner tank. In the other type the settlinf^ tank

is not connected with the filter. Xo aj^itators are nsed; hut to loosen

the sand air is passed thronf^h the bed from helow. In both forms

shown tlic fihration is hv (n-a\itv. The Warren filtei' is another

Fig. 41. Jewell Gravity Filler.

type commonly employed. It uses agitators like the Jewell, but

the settling: tank is disconnected from the filter.

113. Principles of Operation. The action of mechanical

filters is somewhat unlike that of sand filters, ahhough the results

are not greatly different. The eflfect of a coagulant in gathering the

sediment into relatively large masses has been explained in section

101. It aids fihration in this way and also forms a substitute for

the organic coating on the sand grains and on the surface of the

ordinary sand filter. It is the use of the coagulant which enables

such high velocities to be employed. To avoid too frequent washing,

it is common to employ heads as high as 10 to 12 feet, but with such

high heads and velocities the sand becomes clogged to a considerable
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depth. The metliods of washing, however, enal)le this se<Unient

to be readily removed. The interval between washings, i.e., the

"run," is 24 hours or less, and the operation of washing requires

about 15 to 20 minutes. The amount of wasli water used is com-

monly from 2 to f) per cent of the applied water, which fact nmst be

considered in determining the gross capacity of the plant. Crushed

(juartz is often used for the filtering material, but ordinary sand

would probably do as well if of very uniform grain so as not to be

Fig. 12. Contineutal Uruvily Filler.

carried away in the washing process. The coagulant employed is

usually sulj)hate of alumina, but common alum is sometimes u.scd.

The relative merits of these and some other coagidants haA'e been

di.scu.s.sed in section 101. Ferrous sulphate is also employed as a

coagidant with good results. Rajiid filter ])lants were formerly

installed l)y the companies who manufactured the mechanical devices,

but some very complete plants have lately been designed and coii-

.structed under the supervision of consulting engineers. In tliis case

some of the patented forms of strainei's have been adopted and the

other details been designed by the engineer in charge.
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In most of the early j)laiit.s rapid filters have heen adopted with

particular reference to the removal of turbidity or color, hut in some

of the more recent plants the elimination of bacteria has been the

chief object.

Extensive experiments with rapid filters indicate that when they

are properly operated, turbidity can be practically all removed, a

laro;e percentage of color, and a considerable jiortion of dissolved

organic matter. With the quantities of coagulant ordinarily used,

they are probably slightly less efficient than sand filters in the removal

of bacteria. In some places satisfactory (Clarification is obtained

without a coagulant, but for good bacterial results a coagulant is

necessary.

To obtain imiformly good results with economy requires verv

careful operation. The coagulant must be closely regulated to

correspond with the quality of the water; in the case of waters low

in alkalinity this is particularly necessar}\ The efficiency depends

so entirely upon the <"ontrol of these matters that the proper operation

of a mechanical plant involves greater care on the part of the attend-

.

ants than that of a sand filter. It is fully as important in this case

also that the whole plant should be under the control of bacteriologi-

cal tests, regularly and frecjuently made. Many points of operation,

such as period ])etween washings, wasting of water, thickness of

sand layer, and best kind of sand, can be learned only after expe-

rience in the light of such analyses.

Considering the economic advantages of mechanical filters , it

may be said that they are especially adapted to those cases where the

cost of land is high, where the water is so turbid as to require large

settling reservoirs with a sand filter plant, and in small plants where

the unit for sand filters would be very small. They are also well

adapted for the rapid removal of iron from ground waters or

of the precipitate in softening plants. On the other hand, if

the total annual expense of sand filters and mechanical filters

is equal, the evidence points to the desirability of adopting sand

filters, especially for sewage-laden waters, but the dift'erence in

efficiency is not great enough to w'arrant any considerable addi-

tional expense. With vers' turbid waters both systems are likely

to prove imsatisfactory unless supplemented by adetjuate set-

tling basins.

203



136 WATER SUPPLY

OTHER METHODS OF PURIFICATION.

114. Aeration. Aeration of a water, or tlic l»riii(;iii<'' of the

water into close contact witli tlie air, is useful in certain cases. It

will have little or no effect nj)on oi't^anic matter present, hut it does

have a very important action in the case of waters conn'ng' from

.sta<(nant ponds and reservoirs in which ])ntrefactive chaii<^es have

taken j)lace. Such waters will have offensive odors and tastes, due

to the dissolved <ijases contained, and it is in the removal of these

gases that the process of aeration can be successfully applied. It

has heeii so used in a laro'e mnuber of cases.

Aeration may be accomplished by forcing air into the mains,

or ])y passing the water over cascades or weirs, or by spraying it

from a fountain into a reservoir as is done in many places, or by still

other methods. The benefit of aeration explains why a w^ell water

raised by buckets is more commonly free from bad tastes and odors

than where a pump is used, although such odors and tastes are not

in themselves dangerous to the health.

115. Softening Water. Water is rendered hard by the pres-

ence of lime and magnesia, chiefly in the form of carbonates and

sulphates, but occasionally as chlorids and nitrates. The carbonates

cause so-called temporary hardness (removable by boiling), while

the sulphates and other compounds cause })ermanent hardness.

In using a hard water for washing purposes apjjroximately 2 ounces

of soap are neutralized or wasted for each 100 gallons of w^ater for

each grain per gallon of calcium carbonate or its e(|uivalent. In

boiler use the carbonates of lime and magnesia are precipitatetl,

forming a deposit which can usually be removed by blowing out,

unless accom])anie(l by scale-forming substances. Sulphate of

lime j)recipitat<'s at high tem])eratures and forms a very hard, objec-

tionable scale, particularly if the water contains other suspended

matter. The softening of water is therefore of great economical

importance.

The softening of water is accomplished by simj)le processes of

chemical ])recij)itati()n. To remove the carbonates, lime is used as

the precipitant. The carbonates are held in solution chiefly by

virtue of the carbonic acid dissolved in the water, and on adding

lime the acid unites with it, forming carbonate of lime. In the case

of hardness due to the carbonate of lime the reaction is
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CaCCy, + ro, f CafOII), 2('a('0, F H,().

'^riu' resulting carhoiiatc is now hut slightly soluhlc and so precip-

itates out.

The ('a('(J., (lime carhonate) and the CO, (carhcjuic acidj are

present in the water; the Caff)!!) ,, ordinary lime, is the chemical

ailded.

To remove the sulphate, sfxlium carhonate (Xa/'O,) is used.

Tlu' reaction is

CaSO, -}- NaXO:, = CaCOa + Na.SO,.

The carbonate of lime precipitates out as l)efore while the sodium

sulphate (Xa..SOj) is not especially objectionable. Various methods

of carrying out the details of the process, relating principally to the

application of the chemical and the removal of the precipitate, have

been devised. These are known under various names, but the

general principle is the same in all. The lime is usually added in

the form of lime water, a solution of slaked lime in water.

In general the water to be treated is run into large tanks, the

chemical added and then the precipitate allowed to settle as far as

practicable. The water is then drawn off and the remaining pre-

cipitate removed by rapid filtration. In purifying water for boiler

use the precipitate can be removed to a sufficient extent by the use

of settling tanks alone. The chemicals used are lime and usually

soda ash, or crude sodium carbonate. The cost for such small

plants is reported to be from 4 to 15 cents per 1,000 gallons.

INIanv scale preventives hav^ been proposed for use in boilers,

but probal)ly the Ix'st in general use is sodium carbonate. This breaks

up the sulphates as previously shown, and thus prevents the formation

of a hard deposit; but the precipitation of the carbonates is increased

by the process. The sodium sulphate remains in solution, but should

not be allowed to concentrate too greatly or it will cause foaming.

116. Domestic Filters. Frequently it is advisable to purify

water supplies for household use. For this purpose a large number

of different filters have been devised, but many of these are so in-

efficient as to be worse than useless; for it not infrequently happens

that the possession of a filter lulls the consumer into a state of false

security. The best of these filters suitable for household use are

those that are made of unglazed porcelain (Pasteur filter) or fine

infusorial earth (BerketVld filter). Both of these filters deliver a
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wholly germ-free filtrate whe;i they are first put in service, hut unless

close attention is given them they sooner or later lose this property.

Generally speaking, these filters should be cleaned and sterilized in

l)oI]ing water or in steam under pressure once a week in order to kill

out the germ life that has found lodgment in the pores. In this way

not only is the sterility of the filtrate maintained, l)ut the yield of

filtered water is increased.

Filters of this class are not often used for municipal purification,

but are admirably adapted for schools, garrisons, prisons, or hotels

as well as for private use.

Other types of household filters, such as those constructed of

|)orous stone, charcoal, or asbestos, have been on the market for

many years. Judged from the popular standpoint of purity, which

i.s generally the production of a clear water, many of the filters woukl

be regarded as quite satisfactory, but as a means of removing germ

life they possess for the most part but little merit.

Another method on which even greater reliance can be ])lace(l

is the use of heat. There are no pathogenic bacteria that arc liable

to be distributed by the way of the water supply that are able to with-

stand the influence of boiling water for a period exceeding 10 to 15

minutes. Cholera and typhoid succumb in 5 minutes or less. In

case of sudden outbreaks of disease or temporary disturbance of

installed water supplies, this method can always be relied on with

perfect safety. Boiling does not, however, render potable a water

containing large amounts of organic matter, although it may destroy

the disease germs that may be therein. By distillation a water can

be obtained free from dissolved matter as well as bacteria. This

process is extensively used on shipboard to obtain potable water from

sea water, and in a few places on the seacoast for similar purposes.
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CHEHISTRY,

Chemistry is the science whicli treats of matter in. its simplest

forms, and the combinations of these forms which make up all

material substances.

All animal and vegetable matter, and the solid rock and

earthy substances which make up the earth's crust, undergo their

changes according to chemical laws. The same is true of water

and all other liquids, and of air and gases.

Thus we see that Chemistry relates to an enormous number

of substances. The number of the various kinds of substances

which exist on the earth is so great that they have never even

been counted. Probaljly there are many substances in the com-

mon every-day things of life that have not yet been recognized

by the most skilful chemists. However, many compounds have

been described, and the chemical laws now known are of great

value in finding out the composition of various substances.

The rudiments of Chemistry may be traced back to the

ancient Egytians. The Arabs and Greeks sought to change

metals into gold and searched for a liquid which would cure all

ills and confer the blessing of perpetual life. These experimenters

were called Alchemists.

During the second period in the histor}- of Chemistrv, chem-

ical changes were said to be caused by a substance called PhIo=

giston. This substance Avas thought to be contained in all

combustil^le matter, and the theory that fire showed the escape

of phlogiston was upheld by the most learned chemists of the

time.

The phlogiston theory was given up when Lavoisier, a French

chemist, demonstrated his theories of combustion and chemical

union. On account of his important experiments and discoveries,

be is called the "father of Chemistry." Lavoisier proved that

when combustible substances are burned, they combine with a gas

called oxygen, forming new substances.
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PHYSICAL AND CHEMICAL CHANGES.
*

The various substances with which we are familiar frequently •

undergo changes. It is important to know whether the change is

pliysical or chemical. If the change is physical, the substance

has the same essential properties as before the change. Chemical

changes affect the nature of the substance and the new forms may
have entirely diiferent properties.

Sugar may be crushed into fine particles yet the small par-

ticles retain the sweet taste, white color and crystalline structure.

This change is physical because the particles have been merely

broken up and each line particle retains the properties of a con-

siderable quantity.

Su[)[)0se sugar is mixed witli iron filings. The mixture is sweet

and by means of a magnet the iron filings can be separated from

the sugar and both substances be of the same state and condition

as before. This change is physical but is usually called a mechan-

ical mixture. If two or more substances are mixed together, and

the resulting substance has the properties of the constituents, it is

called a luecJutnioal mixturi'.

Suppose we apply heat to the sugar, or pour sulphuric acid

onto ordinary granuLited sugar. The substances formed have

different properties. Instead of white sugar, a black substance is

formed. which resembles charcoal. As the properties of this

black substance are different from those of sugar, we say that the

change is chemical.

MOLECULES AND ATOHS.

A small lump of sugar can be crushed or broken so as to

form many smaller lumps, and these small lumps further divided

into others still smaller. The lumps may be divided into such

small particles that they cannot be seen, yet they possess the

properties of sugar. Let us suppose this division is continued

indefinitely. There will be a smallest particle of sugar. Or,

there is a point where further sub-division by mechanical means is

impossible. This smallest particle, called a molecule, can be sub-

divided only by chemical means, and the chemical agents cause

new forms of matter. As the small particles, or molecule, cannot
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be divided by mechanical means, we say that a molecule is the

smallest particle which exists alone and retains most of the proper-

ties of a considerable quantity of the substance. A molecule

may be defined as being the smallest quantity of matter that can,

exist hy itself.

Tiie molecule can be divided by chemical means, but the

particles thus formed, called atoms, cannot be further divided even

chemically after a certain stage is reached. Thus, theoretically,

pure sugar can be divided mechanically into molecules, and the

molecules divided chemically into three forms of matter which

cannot be further divided by any known means. These three

substances are carbon (a solid at ordinary temperature), oxygen,'

(a gas at ordinary temperature), and hydrogen (a gas at ordinary

temperature). Since these are the simplest forms and cannot be

broken up, they are final divisions. Atoms generally do not exist

separately or uncombined, the molecule being the smallest particle

which exists alone. An atom is the smallest particle <f a siihstance

that can exist, not alone, hut combined with other afom>i formin;/

molecules.

Brieliy, we may say that an atom is very small and indi-

visible, either by physical or chemical means. It has a definite

weight. All the atoms of an element are of the same weight.

The atoms of a substance have an attraction for atoms of other

substances.

A molecule is a group of atoms held together by the attrac-

tive force which they have for ea-jli other. The molecule can be

divided by chemical agents into atoms. The molecules of a given

substance always contain the same numbers and the same kinds of

atoms.

ELEHENTS.

AVc know that sugar is broken up by sulphuric acid and

the substances obtained have none of the characteristics of sucrar.

Two new substances were formed, carbon (or charcoal) and

water. The water can be broken up into two gases, but the car-

bon cannot be divided so that new substances are formed. In

other words, if carbon is divided or broken up, nothing but carbon

is obtained.
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Tlie chemist can take carbon out of sugar, but he cannot

take anything but carbon out of carbon. He can take oxygen

out of sugar, but he cannot take anything but oxygen out of

oxygen.

The science of Chemistry shows that all substances are made

up of various combinations of simple forms of matter, wliich can-

not, by any known means, be divided into other kinds of matter.

Thus, sugar is a compound or combination of simple forms, and

the simple forms carbon, oxygen, and hydrogen are called

elements.

An element may be defined as being a fonii of matter ivhich

chrmlats have not yet been able to break up into other forms of

matter.

The thousands of words in the English language arc made

up of combinations of letters of which there are less than thirty.

The letters are the simple forms, or elements, and the words are

the combinations, or substances. The millions of substances found

on the earth are made up of various combinations of about seventy

elements. The exact number of elements is not known, and

new ones are being discovered from time to time.

The table on the opposite page gives a partial list of elements,

their symbols or abbreviations, their atomic weights, their physical

conditions at ordinary temperature and their specific gravities.

A large proportion of the elements are uncommon. Carbon,

copper, gold, iron, lead, mercury, nickel, phosphorus, silver,

suphur, tin, zinc, oxygen and nitrogen are almost the only ones

that are familiar to most people.

Almost all of the elements exist in very small quantities.

It has been estimated that an amount equal to ninety-nine one-

hundredths of the solid, liipiid and gaseous matter of the globe is

made up of only thirteen elements, the remaining 60 ^about)

elements comprising only one one-hundredth.

SYMBOLS OF ELEMENTS.

Each element, or strictly s[)eaking, each minute quantity of

an element (called an atom) is designated by a letter, or a few

'.,'.ters, called its symbol. For most elements, the symbols are

the initial letters of the names, thus for carbon, we write C, for
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hydrogen H, for phosphorus P, etc. Some of tlie elements liiive

symbols derived from their Latin or Greek names. Thus Au is

the symbol for gokl, because its Latin name is aurum ; similarly

Pb signifies lead, since its Latin name is plumbum. Li the table,

it will be noticed that there are nine elements whose names begin

with the letter C. To avoid confusion, carbon has for its symbol,

C, and the symbols of the other eight contain an additional dis-

tinguishing letter.

As we have said, the symbol stands for on-e atom. If more

than one atom of an element is to be indicated, a subscript or

sub-exponent is used. A coefficient is also frequently used to

express a number of atoms of the same element. Thus 2Xa or

Na2 means two atoms of sodium ; and three atoms of iron may be

indicated thus, Fcg or 3Fe.

Certain groups of atoms remain the same in a series of chem-

ical compounds. To denote a number of these characteristic

groups a parentheses and sul)-cxponent is used. The sub-expoiient

multiplies all the atoms inside of the parentheses; thus, (OII)^

means four "hydrate" groups, or four atoms of oxygen and four

of hydrogen, or O^TI^.

We may have a molecule of a substance whose atoms are of

different elements. Suppose we wish to indicate a molecule of a

substance which is inadt; up of one atom of .sodium and one atom

of chlorine. An atom of sodium is written Na and an atom of

chlorine is written ('1. The molecule is indicated by writing the

symbols close together as NaCl. A molecule composed of one

atom of silver, one of nitrogen, and three of oxygen is written

AgNOg.
In case we desire to express 5 molecules of a compound, each

molecule containing two atoms of hydrogen, one atom of sulphur

and four atoms of oxygen, we write .SH.^SO^. This could be

written 5 (IlgSO^). As in arithmetic or algebra, the coefficient

5 means that in the 5 molecules of HgSO^ there are 5 X 2 = 10

atoms of hydrogen, 5x1^5 atoms of sulphur, and 5 X -1 1= 20

atoms of oxygen.

Thus it is seen that the sub-exponent applies only to the

element which it follows, but a coefficient multiplies all the

elements in the compound. In tliis \yay Chemistry resembles
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algebra. Agiiin, let us examine the formula, Cu(NO 3),. The
sub-exponent 2 ajn»lie.s to the parentlieses' and Cii(N03)2 =
CuN2 0(. ; and (NH4)2S04 is the same as N2H8 SO^.

EXAMPLES FOR PRACTICE.

1. Give names for the following: Cu, Fe, S, Ni, O, Ag, Sn,

Al and Zn.

2. Name these elements and state the indicated number of

atoms of each; C-, 3Ni, 4Pt, 83, Sn-, O3 and 211.

8. Write symbols for 4 atoms of phosphorus, .6 atoms of

mercury, 3 atoms of iron and 5 atoms of carbon.

4. How many molecules in each of the following, and how
many atoms of each element? 6HgO, 2CaCU, 3Ca(P04)2,

2Fe2(S04)3, SBiaOg.

ATOniC WEIGHT.

Wlien we say that the specific gravity of lead is 11.37, we
mean that lead is 11.37 times as heavy as water. Tn computing

specific gravity we find the weight of a given volume of the sul)-

stance, and the weight of an equal volume of water. By divid-

ing the weight of the substance by the weight of an equal volume

of water, we get the specific gravity. In other words, water is

used as the standard or unit when finding specific gravity.

For gases, air is used instead of water. That is, if a gas has

a specified gravity of 1.103, it is 1.103 times as heavy as an equal

volume of air. In the table oa page 7 the specific gravities of

solid and liquid elements are refei-red to water as the standard,

and the specific gravities of gaseous elements are referred to air

as the unit.

Suppose we could compire an atom of oxygen with an atom

of hydrogen ; we would find that the atom of oxygen weighed IG

times as mucli as an atom of hydrogen. Also, if 1000 atoms of

iron are compared with 1000 atoms of hydrogen, the iron will be

found to ]k) 06 tiuies as heavy as the hydrogen. Since atoms are

compared, this relation is called atomic weight.

Hydrogen is taken as the unit because its atom weighs less

t;han an atom of any other substance.
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The (ifo)in'r ireijiht of an element {i< the nu-itiht of its atom in

terms of the Kwii/ht of an atom of 'h//(hi>i/en, tvhich. is the standard

or unit.

From tlie table we find that the atomic weio^ht of carbon is

12, of iiitiooeii 14, and of le'ad 207.

It is impossible to see an atom, even with the most powerful

optical instruments ; therefore, it cannot be weighed. Hbwever,

chemists have determined the atomic weights of the elements hy

comparing their compounds.

It is assumed that equal volumes of all gases have the same

number of molecules if the temperature and pressure are alike.

Tliis assumption or law is the foundation of the chemical theory

of to-day, and it is accepted by chemists generally.

If a gallon of nitrogen and a gallon of hydrogen are weighed

(temperature and pressure constant), the ratio of the weight of

the nitrogen to that of the hydrogen is the density of nitrogen.

Since both are gases, it is called vapor density.

We may define vapor density as follows : The vapor density

of any (/as is the weight of a given volume of it in terms of the

iveight of an equal volume of hydrogen at the same temperature and

pressure.

In making this computation, the gases must be of the same

temperature because heat causes gases to expand, and the gas

weighed at the higher temperature will contain fewer molecules.

The pressure also must be tlie same, for the greater the

pressure, the greater the number of molecules in a given volume.

At a certain temperature and pressure, a gallon of hydrogen

weighs .8204 grams and at the same temperature and pressure a

gallon of oxygen weighs 5.2224 giams. The oxygen is conse-

quently '
'""^" = IG times heavier than the hydrogen. Then

the vapor density of oxygen is IG.

Tlie molecular weight of a gas is twice its vapor density. In

other words, the vapor density is one-half the molecular weight.

Then, as the vapor density of oxygen is 16, the molecular weight

is 2 X 1f> = '>^- If there arc two atoms in a molecule of oxygen,

32
and the molecular weight is 82, tlie atomic weight is -" == 16.
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Thus for oxygvii, tlie atomic weight and va[)or deiisity are the

same, IG ; l)iit if there are tliree or four atoms in the moh'cule of

ail elemt'iit, the atomic weiglit, being e(|ual to the molecular

weiglit (hvi(h'(l by tlie inunher of atoms, will not e<[nal the va[)or

density.

Let us consider the gas called carbou dioxide. We write

the symbol (H)., because it is made up of two parts oxygeu and

one part carbon. The atomic weight of carbou is, from the table,

12; the atomic weight of oxygen is 1(3, and as there are two

atoms of oxygen and one of carbon in the molecule, the molecular

weight is .

12 + (2 X 16) = U.
The vapor density is one-half the molecular weight, or 22.

By linding the va[)or density of gases, chemists have calcu-

lated the atomic and molecular weights. This method cannot

however be used for some elements, as many substances have

never been vaporized or cannot be vaporized under conditions

which make weighing possible. For these elements the vapor

densities, molecular and atomic weights are uncertain.

Another method is as follows : The atom is the smallest

particle which can exist in composition or combination. Hence,

the atomic weight is the least combining weight. By analyzing a

great number of compounds, the smallest weight of an element is

determined, and the other compounds contain a multiple of that

weight. The least combining weight is the atomic weight.

The vapor density as found by one method and the atomic

weight by another are generally the same, that is, if there are two

atoms in the molecule. The vapor of mercury has a vapor density

of 99.V, hence a molecular weight of 199. But the atomic weight

is 199, hence there is one atom in a molecule.

MOLECULAR WEIGHT.

The weight of a molecule is found by adding together the

weights of all the atoms in the molecule. Molecular weight, like

atomic weight, is expressed in terms of the weight of the hydrogen

atom.

We know that a molecule of common salt is com2:>osed of one

atom of sodium, and one atom of chlorine. ' The sodium atom is

23 times as heavy as the hydrogen atom, or, its atomic M^eight is
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23. The atomic weight of chlorine is 35.5. Therefore tlie

molecular weiglit of a molecule of salt is 23 -}- ^5.5 = 58.5. In

other words a molecule of salt NaCl is 58.5 times as heavy as an

atom of hydrogen. Three molecules SNaCl, weigh 175.5.

What is the molecular weight of copper nitrate, Cu(N03)2«

As we have seen, Cu(]S[03), is the same as CuN^O^. This molecule

is then made up of one atom of copper weighing 63.3, two atoms of

nitrogen weighing 2 X 14 = 28, and six atoms of oxygen weighing

G X IG = 9G. The molecular weight is 08.3 + 28 + 96 = 187.3.

Sometimes copper nitrate, in common with many other substances,

has a crystalline form represented by Cu(N03)2 • SH^O. The

3II,() is an essential part of the crystal, called "water crystalliza-

tion" and must be added when finding the molecular weight. As
3ir,0 = 3(2 + 16) = 54, the molecular weight of crystallized

copper nitrate Cu(N03)2 • 3II,0 is 187.3 + 54 = 241.3.

CHEMICAL AFFINITY.

In order that molecules may be formed from atoins, there

must be some force to bind the atoms together. This force is

called chemical affiniti/ or chemiHin. This force corresponds to the

physical force called cohesion.

A compound usually possesses properties which are entirely

different from those of the elements of which it is composed.

Water, for instance, is made up of two gases, hydrogen and oxygen.

These two substances are gases, colorless and ordorless. Wlien
combined in the proper proportion, the compound is a liquid at

ordinary temperatures.

Sugar (C,,H^,0,,), a white, sweet, crystalline substance, is

formed by combining carbon, a black non crystalline substance,

with oxygen and hydrogen, two colorless and odorless gases.

Of tlie constituent elements of cupric sulpliute, ( 'uSO^'Sll/),

copper is red, sul])hur yellow, oxygen and hydrogtMi are colorless.

Two are gases and two are solids. The cupric sulphate thug

formed is a blue solid.

CUiemical affinity takes away the properties of the elements

and causes the compound to have new properties. Cliemical

allinity may act between atoms of the sanu^ kind, or atoms of

different kinds. Also, it may be strong or weak, but it acts onlj

at short distances.
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It is easy to separate the carbon from tlie other two elements

in sugar, but it is more dilhcult to resolve water into its elemi^nts,

liydrogen and oxygen. In other words, it is hard to break up tlie

attraction that some elements have for others, but it can l»e done

by lieat, electricity and reagents. .V reagent is a sulxstance

which produces chemical change such as an acid.

COnPOUNDS.

Chemical affinity binds atoms together to form molecules and

compounds. Compounds are usually called b}^ names taken from

tlie elements of which they are composed, as hydrogen oxide,

HgO, (water^, and carbon dioxide, CO2.

Some compounds are composed of two elements as XaCl,

chloride of sodium (^common saW), and IICl, hydrogen chloride or

hydrochloric acid. Otlnn* compounds contahi three elements, as

II.,SO^ sulphate of hvdrogen or sulphiric acid., and KCMl, potas-

sium hydrate.

UNION BY WEIGHT.

Before taking up the study of compounds and equations it

will be necessary to understand the proportions in which elements

combine. This study is leased upon the two fundamental laws of

chemistry which are as follows

:

1. The law of Conservation of Matter.

2. The law of Definite Weight.

Law of Conservation of flatter.— The sum of the iveights of

all the products in an experiment is exactly equal to the sum of the

weights of all the factors.

This law means that matter can neither be destroyed nor

created. In other words, matter may be clianged or transformed ;

it may be changed from solid to liquid or to invisible gas, or the

volumes may be greatly increased, but the processes do not cause

any loss or gain in weight.

Law of Definite Weight.— Any chemical compound always

contains the same elements in the same ratio hy weight.

Ferrous sulphide, FeS, always contains iron and sulphur,

and always in the same proportion by Aveight. Thus, FeS is

always made up of 56 parts of iron and 32 parts of sulphur.

Potassium chlorate, KCIO3, always contains potassium, chlorine
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and oxygen. Also, in tlie compound, there are 39 parts (by

weight) of potassium, K ; 35 parts of chlorine, CI ; and 3 X 16 = 48

parts of oxygen, O.

Water is made from oxygen and hydrogen. Pure water

.always contains 8 parts oxygen (by Aveight) and 1 part hydrogen.

Suppose we wish to make oxygen from the compbund, potas-

sinm clilorate, KCIO.j. How much oxygen can we expect from

2 ounces ?

First, we nnist know what proportion of the KCIO3 is

oxygen. Wo know that there are 39 parts K, 35 parts CI, and 48

parts O. Then of 122 parts, 48 are oxygen, and X 2 = .787

ounces (nearly).

VALENCE.

Atoms of the various elements differ in the number of atoms

of other elements which they can hold in combination to form

chemical compounds. Let us suppose that atoms have "hands"

or "hooks" with which they can grasp othel' atoms. Some atoms

have one hand, some two, some three, and so on. It is evident

that an atom with two hands can hold two atoms having one

hand, or it can hold one atom which has two hands, etc. Or we

may consider that an atom has a certain number of " affinity points."

The number of these affinity points determines the number of

atoms which it can hold in chemical combination. This is what

is known as the valence or quantivalence of an atom. Valence

has no apparent relation to tlie strength of the affinity of atoms.

We must have a standard by which to measure valence. Tlie

combining power of hydrogen is a convenient measure of valence

as its valence is always 1 ; in other words it seems to have but

one " affinity point," or " hand." With elements which combine

directly with hydrogen the valence is the number of hydrogen

atoms which one atom will hold. Atoms which do not combine

with II will usually replace H in its compounds and the number

of atoms of II which such an atom will replace is its valence.

Thus in NaCl the Na replaces one atom of li in HCl. Hence the

valence of Na is 1. In HgO on'e atom of O combines with two

atoms of H, therefore the valence of O is 2. We may say that the
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hydrogen atom lias one IkkjIc; two atoms must tlierefore have two

hooks, and as oxygen is combined witli two atoms of liydiogen,

the oxygen element must have two liooks. Hence the valence is

two. Fig. 1 shows some of the ways of representing the valences

of elements.

Ammonia is a gas made up of three atoms of hydrogen and

one atom of nitrogen; its symbol is then NH3. What is the

valence of N? The valence of hydrogen is one, and as one atom

of nitrogen combines with three atoms of hydrogen, the valence

of nitrogen must be three,

mouads. tlvaiN. trinrls. t trads.

H
II I

O O
I

N N-
II I

C -C-
II I

Q Q
u.

TT

>^ 2^ >^

3T
Fis. 1.

What is the valence of sotlium, magnesium, bismuth and

carbon from these symbols?

NaCl, MgCU,BiCl3, CCl,.

In NaCl, it is seen that one atom of sodium, Na, combines

with one atom of CI, hence its combining power is one. Again,

we have the two compounds HCl and NaCl. From these s^nii-

bols it is seen that one atom of Na replaces one atom of H, there-

fore the replacing value of Na is one.

In magnesium chloride, ^NlgClg, one atom of magnesium

combines with two atoms of chlorine. The valence of Mg is

therefore two.

Chloride of bismuth, BiClg, is made up of one atom of

bisrauth and three atoms of chlorine. Then as one atom of Bi

combines witli three atoms of CI the combining value of Bi is

three.
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Similarly four atoms of chlorine are necessary when com-

bining with one atom of carbon, and the valence of C is four.

If these compounds were made by the action of ITOl, the

equations would be

Na + HCl = NaCl + H.

Mg+ 2HCI =- MgCl^ + 2H.

Bi +3HCl = BiCl3''4-3H.

C +4HC1 :== CCI4 +4H.

When an element combines with hydrogen, atom for atom,

or replaces hydrogen, atom for atom, its valence is one and it is

called univalent. The hlvahnt elements are those whicli require

two atoms of hydrogen to replace one atom of the element, and

the trivalent elements are those whose atoms select three atoms

having a valence of one with which to unite. These elements are

called monads, dyads and triads, etc.

Some elements have more than one valence. Phosphorus

sometimes combines with three atoms of chlorine CPCl.j) and

sometimes with five atoms (PC1-). In the first case P is a triad,

and in the second case a pentad.

The valence of an element is often indicated by marks at the

right, as Na', Cu", Bi"', C'^.

EQUATIONS.

A chemical equation (sometimes called a reaction) is a short

algebraic expression of a chemical change. If we heat together

iron fdings and sulphur, the result is iron sulphide, or we can say

that

iron -}- sulphur= iron sulphide.

We know that a definite quantity of iron united with a

definite quantity of sulphur, and the result was a definite quantity

of iron sulphide. We may say that one atom of sulphur united

with one atom of iron and formed a molecule of iron sulphide.

Let us use the symbols of these elements and we can write,

Fe + S = FeS.

In fact, millions of atoms of iron united with an equal num-

ber of atoms of sulphur ; but for simplicity and brevity, Ave write

the equation for one atom of each.
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The atomic weiglit of iron is 56, and that of sulpliur is 32.

Then 56 parts, b}^ weight, of iron united with 32 parts by weight,

of sulphur, to form 88 parts of iron sulphide.

Factors. Product.

Fe + S = FeS

56 + 32 = 88

An equation repi-esents the substances that are put together,

and the substances obtained. Also, it shows the proportions

of those used and of those obtained. Substances put together

are called Factors, and those obtained Products. The factors are

usually placed on the left-hand side of the equality sign, and the

products on the right-hand side.

From the law of conservation of matter, we learned that

matter cannot be created or destroyed. Therefore there must be

as many atoms in the products as there were in the factors. Also

there must be the same number of each kind of atoms on both

sides of the equation.

Take the action of hydrochloric acid, HCl, on metallic

zinc, Zn; the zinc disappears and bubbles of gas are given off.

Zn + HCl = ?

AVe know that hydrogen is given off. The valence of Zu is two,

or, one atom of Zn M'ill replace two atoms of H ; but there is only

one atom of II in one molecule of HCl ; therefore we must have

two molecules of HCl to give two atoms of H to be replaced.

The equation (or reaction) then will be

:

Factors. Product.

Zn + 2HC1 = ZnCla + 2H

by atoms 1 + [2 X (1 + 1)] - (1 + 2) + 2

or 1 + 4 =3 + 2

The zinc replaces the hydrogen and combines with the

2hlorine, forming zinc chloride, ZnC^, and the hydrogen gas is

jet free. It is evident that there are five atoms on each side of

the equation, also that on each side one of these is an atom of Zn,

two are atoms of H and two are atoms of CI.

Suppose sulphuric acid, HoSO^, is added to caustic soda,

NaOH. Sulphate of soda, Na2S04, and water, HgO, will be

formed.

NaOH + H2S0^ = Na^SO^ + H2O —
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We see that there are two atoms of Na in the products and

only one in the factors, also three atoms of H on the left and only

two on the right; therefore we must have two molecules of NaOH
to furnish two atoms of Na, and the expression will then become

2NaOH + H2SO4 = NaaSO^ + 2H2O
l^y atoms

2X (1 + 1 + 1) + (2 + 1 + '^) = (2 + 1 + 4) + [2X (2 + 1)J
or 6 + 7=7+6
The equation will now balance, for there are thirteen atoms

on each side and also the same number of atoms of Na, O, H and

S in the factors as in the products.

We may write many chemical equations which do not express

chemical reactions. In order to write a true chemical reaction

(equation) it must be known that a chemical action takes place

and also what substances are formed.

Use of Chemical Equations. From the study of atomic -and

molecular Aveights we can find the weights of all ^factors used

and all the products made in terms of the weight of an atom of

hydrogen. Let us again consider the equation of the action of

HCl on Zn.

Zn + 2HC1 = ZnClg +2H
By weights 65 + 73 = 136 + 2
this becomes

For the atomic weight of Zn is 65, the molecular weight of

11(1 = 1 + 35.5, and of 2IIC1 = 2 X 36.5 = 78. The molecular

weight of ZnCl2 :^' 65 + (2 X 35.5) = 136, and the weight of

2H = 2.

Example.—How much hydrochloric acid will be required to

dissolve 10 pounds of zinc ? We see by the chemical equation

that 65 parts by weight of zinc are dissolved in 73 parts by weight

of HCl. The problem is then one of simple proportion.

Zn: 2 HCl:: zinc : hydrochloric acid

65 : 73 : : 10 lbs.: 2: lbs.

65 X =730 a: = 11.23 + lbs. hydrochloric acid.

If more zinc is taken, the excess over 10 i)()unds will be left

unacted upon, or if more than 11.23+ pounds of HCl is added

to 10 pounds of zinc, the excess HCl will not be used up

224



CHEMISTRY. 19

Another example: How much zinc chloride, ZnClg, will be

produced from the 10 pounds of zinc ?

Zn : ZnClg : :zinc: zinc chloride

65 : 1.3G : : 10 : x

Qbx = 13G0 X = 21 lbs. (nearly) of zinc chloride.

Thus "we see that if we have the cliemical equations and

atomic weights we can calculate all the products and factors i? we
know the weight of one factor or product. This is very important

in all chemical work.

EXAMPLES FOR PRACTICE.

(1) Complete the following:

(«) S+?=S02 (h) Fe + ?HCl = FeCl2+?H
(c) CaCOg (heated) =: CaO+?
{d) Na2C03 + ?HC1 = ?NaC,"l + II^O + COg

(2) C+ 20 = C02. How much CO2 (carbon dioxide)

will be made from 10 pounds of carbon ? Ans. SOI pounds.

(3) S -j- 20 =: SOg. How much sulphur will be required

to make 20 pounds of SO 2 ? Ans. 10 pounds.

(4) NagCOg + H2SO4 = NH2SO4 +H2O + CO2. How
much sulphuric acid will be required to neutralize 12 pounds of

sodium carbonate, Na2C03 ? Ans. 11.1 pounds.

CHEHICAL ACTIONS.

Chemical action does not always take place when substances

are mixed ; but from countless experiments several general facts

governing chemical action can be mentioned. Many of the ele-

ments are active chemically. Thus oxygen combines directly

(forming oxides) with all elements except florine and argon ; sul-

phur unites with many of the metals, forming sulphides ; chlorine,

bromine, and iodine form, chlorides, bromides and iodides respec-

tively. The oxygen in many compounds is easily separated, mak-

ing them chemically active. They are called oxidizing agents,

and as examples bichromate of potash, nitric acid, potassium

chlorate and bleaching powder may be mentioned. Compounds
called acids are very active chemically.

An Afid is a compound containing liydrogen which can be

easilv exchanged for a metal or other basic substance. Acids have
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a sour taste and cause effervescence when added to a carbonate,

as, for instance, baking soda.

Basic Elements are the common metals and elements which

act like then*. Sodium, potassium and calcium are in reality

metals and are much more "basic" than the familiar metals.

An Alkali is formed when a very basic element displaces one

atom of hydrogen in IlgO forming a hydrate thus : Na -\-\\.^0

= NaOH -}- H. NaOH is called a sodium hydrate.

The hydrogen of an acid is easily exchanged for a metal

when treated with an alkali. When the correct proportion of an

acid is added to an alkali or other basic compound the character-

istic properties of both the acid and base are lost. The acid and

alkali are said to neutralize each other.

Salts. The substance formed by neutralizing an acid is

called a salt. Water is also formed when a hydrate or an oxide

is used to neutralize an acid.

(1) HCl + KOH = KCl+ H, O
(2) 2HNO3 + Ca (011)2 = '^'^ (N<^3)2 + 2H2O
(3) H2SO4 +ZnOr^ZiiS04+H20.
When a metal is used, hydrogen is set free. Thus:

Fe+ H2SO4 = FeSO^ + H2
The substances KCl, Ca (NOg)^, ZnSO^ and FeSO^ arc salts,

and are neutral substances with little chemical action.

When a volatile substance can be given off, chemical action

will usually take place. Strong acids will displace weaker acids in

saUs; as, for cxainj)le, 21101 + FeS = FeCl^ + ILS. llydro<rcn

sulphide, II 2 S, is a gas and is expelled.

2IIN03-|-Na2C03 = SNaNO. + fIjO + CO2.

Carbon dioxide, CO.-,, is given off when a strong acid is added to a

(;arl)onate. Heating frequently assists the action. Nitric acid,

HNO3, is m'ade by heating nitrate of soda with sulphuric acid;

and hydrochloric acid, HCl, by heating common salt with sul-

phuric acid.

The reactions are

:

(1) II2SO, + NaNO, ^ NaHSO, + IINO3

(2) H2SO4 + 2NaCl = Na2SO^ + 2HC1.

Solutions of all neutral salts can be mixed without apparent

cbernical action, nnlsso an insoluble compound is formed. Fo/
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example, a solution of common salt can be mixed with a solution

of nitrate of soda without change. There are, however, many in-

soluble salts, of which lead sulphate is one. If a solution of lead

nitrate be added to a solution of sodium sulphate, the mixture

becomes white like milk, and after a short time a white powder,

lead sulphate, PbSO^, settles to the bottom. Pb(N03)2 -j-

Na^SO^ =^ 2NaN03 -|- PbSO^. This is called a precipitate^ be-

cause it is thrown down. The precipitate will continue to form

until one or tlie other of the salts is exhausted.

Solubility. Many substances will dissolve in water, such as

Kl A>

Fi<

salts, acids, alkalis, sugar and giuses. If a salt (or sugar) is

placed in water, it disappears. If more and more salt is added, a

point will at lengtli be readied when no more salt will be dis-

solved. The solution is then said to be saturated. If, however,

the saturated solution is heated, more salt (or sugar) can be dis-

solved. That is, in most cases heating water increases its capacity

for retaining solids in solution. The reverse is true of gases, for

more gas can be dissolved in cold water than in hot water.

If a hot saturated solution of a solid is cooled to ordinary

temperature, some of the solid will be thrown out of the solution,

or precipitated. The precipitate is often formed in very beauti-

ful crystals, especially if tlie solution is cooled sloAvly. A few of

the shapes are shown in Fig. 2.
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OXYGEN.

Occurrence. — Oxygen is one of the most important elements.

It is important because of its abundance, its activity, and the

great number of compounds into which it euters. Oxygen makes

up by weight fully one-half of the globe, including air, ocean and

earth. The air is about one-fifth oxygen by weight ; water is

eight-ninths oxygen by weight, and the important minerals such

as quartz, sand, &c., are about one-half oxygen.

The oxvgen in water and in minerals is chemically combined,

but when in air, it is simply mixed with the other gases.

Oxygen is essential to all animal matter. It sustains the

vitality of man, of beasts and even of fish. Oxygen supports

combustion, whether a single splinter is burning, or there is a

great conflagration.

Discovery. — The first discovery of oxygen is generally at-

tributed to Dr. Joseph Priestly, an English clergyman and scientist.

Priestly performed his great experiment August 1, 1774, and this

day has been called the birthday of modern chemistry.

So great was the interest in chemistry at this time, that two

others discovered this important element at about the same time

that Priestly did. These two were Scheele, an apothecary in

Sweden, and Lavoisier, the French chemist. Scheele called it

" fire air," but Lavoisier named it oxygen which means " acid

former."

Lavoisier in giving the true explanation of combustion over-

threw the Phlogiston theory and started modern chemistry.

Physical Properties.— Oxygen is a gas at ordinary temper-

atures and })ressures. It is colorless, tasteless, odorless and a little

heavier than air. It is soluble in water; it is to this property

that fish owe their existence. About one volume of oxygen can

be dissolved in 25 volumes of water.

Oxygen was, until recently, considered a permanent gas, that

is, it could not be liquified. Experiments, conducted with

apparatus cai)able of subjecting it to intense cold and great

pressure, show that the gas can be li(|uified.

Chemical Properties.— The most striking of the chemical

properties is the tendency to combine with other elementary
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substances. This is the reason for oxidation, rust and the decay

of so many substances. Combustion is another example, but in

this instance the oxygen does not unite except when the substances

are heated. Thus, a building is surrounded and saturated, as it

were, witli oxygen, but it is harmless until heat produces com-

bustion ; then the' oxygen combines with the other elements.

Oxygen is called a supporter of combustion. In fact,

diamonds, iron and other substances, not ordinarily considered

combustible, will burn brilliantly in pure oxygen gas.

At usual tem[)eratures, oxygen combines slowly. If a piece

of iron is made bright and then dipped in water, it becomes rusted

in a few days ; or if a piece of lead is filed until it is bright, it

becomes covered with a dull colored coating of oxide of lead.

If air were undiluted ox^^gen, all animal life would be rapid.

If a fire was started, it could be extinguished with difficulty.

Compounds.— As has been stated, oxygen combines with

almost all of the elements. These compounds are called oxides.

Fig. 3.

The most important of those is water. The compounds of oxygen

wliich are the most important to the engineer, are water and the

products of combustion. Oxygen is an important constituent of

air, but air is a mixture and not a chemical compound. These

substances, water, air and the products of combustion will be

discussed late".

Uses.— The principal use of oxygen in nature is to sustain

life. It also supports combustion. It is used in the oxy-hydrogen

blow-pipe, and in the production of the calcium light.

The oxy-hydrogen blow-pipe consists of two concentric tubes,

the inner one conveying oxygen and the outer hydrogen, as shown

in Fig. 3. The gases come together at the end and are burned.

The flame is almost colorless and has but little luminous power.
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Its heat is, however, intense ; the temperature being about 2000°

F. This intense heat is made use of in melting and refining ores

and alloys.

The calcium or lime light is made by directing the dame

from the oxy-hydrogen blow-pipe upon a blotk or cylinder of lime.

The intense heat produced by the burning of the gases, causes the

lime to become white hot, and to give out a brilliant, dazzling

light. Illuminating gas can be used in place of hydrogen. The

calcium light is used for stereopticons, and for stage effects in

theatres. It has been used in carrying on important engineering

construction work during the night. At the present time, the

electric light is taking the place of the lime light to a great extent.

Preparation. — Oxygen may be prepared in many ways.

Priestly piepared it by heating red oxide of mercury. The pro-

cess is represented by the equation,

2HgO = O, + 2Hg.

2 (200 -f 16) = 82 + (2 X 200).

432 ^ 432.

The most usual method of pre[)aring oxygen is by heating a

substance called chlorate of potassium (KCIO3). The following

formula explains the cliemical change,

2 KClOy (heated) = 2 KCl +30^
The heat sets free tiie oxygen and changes the chlorate of

potassium to potassium chloride.

This substance, KCIO.3, breaks up only at a comparatively

high temperature and with explosive violence ; but by mixing

with it a little manganese dioxide (called black oxide of mangan-

ese) much less heat is required, and the oxygen evolves slowly

and continuously. The manganese dioxide does not appear to

take any chemical part in the process, but remains unchanged.

HYDROGEN.

Occurrence.— Hydrogen is rarely found on our globe uncom-

biiicd or in a free condition. The reason for this is its gieat

affinity for oxygen which is so abundant. In combination, lijdro-

gen is veiy .abundant and widely distributed. Hydrogen is in all

water, wherever it may be. Besides water in the form of oceans,

takes, rivers, etc., it is one of the principal elements in animal and
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vegetable life. Hydrogen is a constituent of natural gas, meteor-

ites, and most acids and leases.

Discovery. —Hydrogen was isolated in 17GG by an English

chemist. Cavendish, who called the gas " inflammable air;" but

Lavoisier named it hydrogen which means '' ivater former.'"

Cavendish was a very eccentric individual, having scientific

pursuits the object of liLs life. His silent accurate work did much
toward the progress of the science of Chemistry.

Physical Properties. Hydrogen is the lightest of gases,

l)eing only -^^ as heavy as oxygen. When pure it is colorless,

odorless and tasteless. It is Ijut slightly soluble in water. On
account of its lightness it was formerly used for inflating balloons,

but as hydrogen is expeusive, illuminating gas is now used,

although it is much heavier than hydrogen.

H3a]rogen has been liquefied at—238° C and under a pressure

of 300 [)c»uii<ls per s(|. in. Also it has ])eeji solidified l)y Dewar.

Chemical Properties.— The most interesting and most strik-

ing property of hydrogen is its power to unite with oxygen.

When oxygen and hydrogen unite, heat, light and flame appear,

and a new chemical compound is produced. These are the phen-

omena of combustion.

Hydrogen will not unite with most metals. For a few ele-

ments, it has great attraction. Hydrogen combines with boiling

sulphur, and has a strong affinity for chlorine, forming hydrochloric

acid, HCl.

Under ordinary conditions, hydrogen will not combine with

carbon, but there are hundreds of compounds of hydrogen and

carbon, called hydrocarbons, CH^, CgHg, etc.

Hydrogen burns in oxygen or in the air with a blue, almost

colorless flame, of great heat. One pound of hydrogen will give

out more heat in burning, than will a pound of any other substance.

As to its being a substitute for air, hydrogen in this respect

differs radically from oxygen. Hydrogen will not support animal

life, neither will it support combustion. An animal placed in a

room filled with hydrogen expires almost immediatel}^ If a

candle, or a lighted match is placed in a jar of hydrogen, it goes

out. The hydrogen seems to deprive the animal or the candle of

their necessary oxygen.
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Compounds.— Compounds containing hydrogen are exceed-

ingly numerous; water, acids and liydrocarbons being among the

most connnon.

Uses.— As an elementary gas, hydrogen has few uses. Its

great liirhtness made it a desirable substance for balloons, and its

great heating power made it invaluable for the oxy-hydrogen

blow-pipe. However, on account of the high cost of hydrogen,

illuminating gas is now used extensively in the above cases. It

is, however, used by the chemist as the unit for density and atomic

weight, and as the standard for valence. The great value of

hydrogen is in its compounds rather than in an uncombined state.

Preparation.— The chemist can obtain hydrogen in many

wa3'S. As water is composed of oxygen and hydrogen, It is only

necessary to decompose water into its constituent elements. This

is done by means of an electric current.

The most common way to produce hydrogen is by the action

of sulphuric acid on zinc. However, hydrochloric acid and other

metals beside zinc can be used. The acid should be diluted some-

what, so that it will readily act on the zinc. The chemical change

is represented by the following reaction:

Zn-f H2SO4 = ZnSO, + H^

65 + 98 r= 161 -f 2

In this experiment, zinc has changed places with the hydrogen

and the hydrogen is left without anything with which to combine.

Hydrogen thus produced is seldom pure, as the various

substances used are likely to contain substances which give some

impurity to the gas thus formed.

WATER.
Now that we know something of the elements, oxygen and

hydrogen, we can study the most important compound of these

two elements.

The chemical history, properties and uses of water are both

interesting and important, and if treated with any degree of

thoroughness would furnish material for a volume.

Water is very abundant ; it is necessary to both ^animal and

plant life, and is extremely useful to man.

As to its abundance, one has but to look out upon the ocean

from a high cliff to become convinced of the enormous quantity.
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The oceuns cover over three-foiiitlis of tlie surface of the earth,

iiiul their depths may be measured in miles. Besides the ocean,

there are numerous kikes, rivers, canals, &c.

Water is essential both to animals and plants. If water were

banished from the earth, all aniuials would die almost instantly,

and the vegetables would soon esase to grow. The blood which

courses through our bodies is about seven-eighths water. The
human body itself is more than half water. Vegetables, which form

such a large part of the food of animals, are made up largely of

water. Cucumbers contain about 97 per cent, water, and it is

said that some forms of jelly-fish have been found to contain 99.9

per cent, of water.

Besides being necessary to the existence of man. water aids

him in many ways. The oceans, rivers and lakes are the great

highways upon which man carries on coiiimerce. Many factories

are run by water-power. But to the engineer, water, as water

and steam, is of great importance. In most cases, it is the steam

engine that furnishes power directly, or develops it to be trans-

mitted by electricity or by compressed air.

Properties.— Water exists in three states, solid, liquid and

gaseous. At ordinary temperature (60° F.) it is a liquid. As
it is cooled it contracts slightly, until it reaches 39.2° F.

expanding slightly thence to the freezing point 32° F.

This property is of great value ; when water freezes it

expands, and as it then occupies a greater volume it becomes

relatively lighter. On this account, ice rises to the surface

of a lake and stays there forming a covering which prevents

the water from becoming uninhabitable for fish. The same

property prevents a lake from becoming a solid mass of ice which

could not be melted by the summer sun. The expansion at the

moment of solidification also causes the water in the crevices of

rocks and in the soil to break up the rocks and prevent the surface

of the soil from becoming hard.

Let us consider what effect water has on the climate. The

heat of the sun in the tropics changes water into vapor ; this vapor

is carried by the winds to the colder portions of the earth where it

is condensed and falls as rain or snow. In order to turn \vuter

fiito vapor, heat must bo applied and stored up in the vapor.
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When the vapor is condensed into water, heat is given out by tlie

vapor. This process makes the tropics cooler, because heat is

taken from the atmosphere and absorbed by the vapor, and makes

the cokl portions of the globe warmer because heat is evolved.

Thus the circulation of vapor is like a steam heating plant.

The boilers are at the tropics, and the condensers, or radiators, are

all over the globe. The sun's vajs make the steam. This appar-

atus has the same principle as a boiler, but it works without tubes,

shell or radiators.

There is another way that water tends to regulate the climate.

In the hot days of summer, the water of a lake or the ocean

becomes warmer. However, it takes more heat to raise tlie

temperature of water one degree than it does to raise the land one

degree. Thus, the water will absorb a large amount of heat

without having its temperature raised to the extent tliat miglit be

expected. In hot weather, heat is absorbed by the water, but its

temperature is not very high, and as its temperature is low, it has

a tendency to cool the surrounding land. Now in cold weather,

the store of heat in the water is given out as the water cools. We
may say that the ocean or a large lake, is a great reservoir, storing

up the heat of summer, and giving it out in winter. This is the

reason why the temperature near the ocean is not subject to as

great variations as is that of the country far inland.

We know that water is formed of oxygen and hydrogen.

This is true, but water as it is found on the earth is never abso-

lutely pure. The fact that so many substances readily dissolve in

water accounts for the numerous impurities. As rain falls from

the clouds, it absorbs gases and solids. When it flows as a river,

it dissolves small quantities of the substances with which it conies

in contact.

There are two kinds of impurities, organic and inorganic.

Organic matter usually tinges water yellow. Salts in spring

^vatel•s are taken from the rocks and soil through which the water

flowed.

Hard Water.— If water contains lime salts or magnesium

salts in solution, it is called hard water. Tlie reason why it is

called hard is because of its action on soap. Soft water forms a

lather and cleanses the skin, but liard water does not form a
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Fiff. 4.

lather ; tlic soap combines with the salts to form insoluble lime or

niagiiesiuin compounds that appear as a scum on the surface. If

water contains calcium bi-carbonate, CaH2 (COg).^, the CO2,

may be expelled by boiling. The calcium carbonate, CaCOg is

precipitated and ap})ears as a crust or scale. If tlie water contains

calcium sulphate, CaSO^ it may be softened by means of sodium

carbonate, Ka.COg.

Distillation, Water ma}- be i)urified by distillation. This

process consists in heating water to

steam and then condensing the steam.

Since most of the impurities are less

volatile than water, the salts in the

solution are left behind making the

condensed steam, pure water. The

apparatus used in distilling water is

called a still and consists of a vessel

for heating and vaporizing the water

(called a retort) and a cnrved tube

(called the coil or worm) for cooling

the steam. The worm is surrounded by cold water. In Fig. 4

steam enters at A and when condensed flows out at B. The

cooling water enters at C and flows out at D.

Distilled water has a flat taste because the carbon dioxide

and air have been expelled.

NITROGEN.

Occurrence.—Nitrogen is a gas which is the chemical opposite

of oxygen. Nitrogen exists in the air, and in a few com[)ounds.

It occurs free in the atmosphere, of which it is about 77 per cent,

of the volume. The most common compounds containing nitrogan

are the nitrates
;
potassium nitrate (KNO3), and sodium nitrate

(NaNOg). Anunonium compounds, such as ammonium chloride

(NH^Cl), are also eounnon.

Organic matter, both vegetable and animal, contains com-

pounds of nitrogen.

Discovery.—Nitrogen was discovered or rather recognized

as a constituent of air about the time when Cavendish, Priestly,

Scheele, Lavoisier and other noted chemists were making such

wonderful discoveries. At this time Rutherford showed that after
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animals have breathed in a certain voliune of air, au inert gas is

left l)ehin(l.

Lavoisier named the gas azote, but Chaptal named it nitrogen,

because of its existence in nitre, KKO^.
Physical Properties.— Nitrogen, if pure, is a colorless, taste-

less and odorless gas. It is a little lighter than air. By means

of intense cold and great pressure, this gas, like others, has ])een

liquified.

Chemical Properties.— The most striking property of nitro-

gen is extreme inactivity. It is very inert. It does not burn nor

does it support combustion. It is not poisonous, but it gives no

iiid in supporting life. At high temperatures, nitrogen unites with

some elements, but at ordinary temperatures it does not enter

into chemical union with other substances.

Although inertness is the marked characteristic of nitrogen,

yet this element is a constituent of many compounds wliich are

active to a high degree. Among these are such ex[)losives as gun-

powder, nitro-glycerine and dynamite.

Compounds.— Many important compounds contain nitrogen.

In nature, nitrogen is necessary to both animal and plant life. It

is an important element of muscular fibre and of brain material.

It is a constituent of ammonia gas, NH^, and of a large number

of com[)Ounds derived from it, which are so essential to plants.

Ammonia.— NII3 is the principal compound of nitrogen

and hydrogen. It is a colorless gas, liaving a very pungent odor

and acrid taste. It is very soluble in water. Ammonia can ])e

liquified and solidified by cold and pressure. Upon evaporating,

ammonia absorbs heat, thus producing cold sufiicieut to freeze

water. This property is made use of in refrigerating n\achines.

Ammonia and hydrochloric acid form ammonic chloride,

NH4CI, a salt called sal ammoniac,

NH, +HC1 = NPI.Ch

With hydrogen and oxygen, nitrogen forms nitric acid,

HNO3, one of the three most important acids.

Uses.— The principal use of nitrogen is to dilute the active

oxygen in the air and make the mixture suitable for breathing.

Also on account of the dilution of the oxygen, the nitrogen pre-

vents oxygen from having too rapid action in combustion. The
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iisos of this gas in aniin;il mid plant life have l)een mentioned.

Nitrogen unites with oxygen and forms several oxides, one of

which, X.^O, is called laughing gas.

Preparation.—Nitrogen maybe prepared from air by sepa-

rating the other constituents from it. As oxygen is the other

principal element, it may be burned out by means of phosphorus.

As the air is conlined in a jar, the burning phosphorus withdraws

the oxygen leaving nitrogen. The union of oxygen and phos-

phorus may be expressed by the equation,

2P + 50 = P.,0..

The P2^5 ^^ dissolved in water leaving nitrogen.

Nitrogen may also be separated from oxygen by passing dry

air over red-hot co[)per corifined in a tube.

Cu-f O-CuO.

THE AXnOSPHERE.

The atmosphere, or air, which surrounds our globe is a vast

ocean of gases. Human beings and other land animals dwell at

the bottom of this ocean. The height to which the air extends is

not known exactly. Formerly, it was supposed to extend about

50 miles from the surface of the earth ; but at the present time

some people think it extends to other planets.

Experiment shows that the density of air diminishes rapidly

as one ascends. It has been calculated that at the height of about

40 miles the air is as rare as in the so-called vacuum of a good

air pump. This calt.lation seems to show that if the atmosphere

extends to the other planets, it must be exceedingl}^ rare.

The ancients thought there were four elements, earthy air, fire

and water. They called any gas air in the same way that any

thin liquid was water. Until Priestly discovered oxygen, air was

considered an element. Lavoisier was the first to make an analy-

sis of the atmosphere.

Constituents. — There are five principal constituents of air.

These are nitrogen, oxygen, argon, water (as a vapor) and carbon

dioxide. Besides these, there are a great many other less import-

ant gases. Nitrogen, oxygen, and argon are called the permanent

constituents, because their proportion is very nearly constant.

The amount of water is verv variable. Winds from deserts con-
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tain but little moisture ; during the rainy season the atmosphere

is almost constantly at the dev/-point.

Suppose the air contains a certain amount of moisture. Now
as the temperature of the air is lowered, a temperature will at

length be reached at which the air will be just saturated with

moistuie. Further reduction of temperature will cause a part of

this moisture to be precipitated. The temperature at which the

air is just saturated is the dew point for tlie air under considera-

tion. The dew point varies with the amount of moisture in the air.

Carbon dioxide, CO2, forms 3 or 4 parts in 10,000 of the

atmosphere. In the air above cities, in theatres, and in crowded

rooms, the percentage is much larger. Although the j)ercentage

of CO., is small, yet the total quantity in the air is great.

Of the permanent constituents, nitrogen (the inert gas)

forms about four-fifths of the whole ; oxygen (the active element)

forms }il)out one-fifth, and argon nearly one per cent.

Argon is a comparatively new element, being discovered in

1894. It was found that when nitrogen was obtained from the

atmosphere it was ^ per cent, heavier than when made from

chemical compounds. This fact lead to its discovery. Argon is

of little importance. Its resemblance to nitrogen accounts for the

late discovery. It is the most inert of all known substances, and

combines chemically with no elements. It is more soluble in

water than nitrogen, and has been liquified at — 121° under a

pressure of about 750 pounds per square inch. It freezes at

— 191°.

Besides the large number of gases found in the atmosphere,

there are minute quantities of solid materials of many kinds.

For instance, common salt is blown up into the atmosphere from

the waves of the ocean and carried far inland.*

Tlie atmospheric ocean is like the licpiid tDcean in one respect.

While rivers flow to the ocean, they carry along pulverized rock,

vegetable matter, impure jiroducts from manufacturing establish-

ments and washings from tlie soil. All these impurities find their

way to the ocean. In the case of air, all living animals i)our out

with every breath from the lungs, waste materials from tlieir

bodies. Wherever fuel is burned or wherever .a manufacturing

plant allows the escape of gases or vapors or pulverized solids,
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these are mingled witli tlie atmosphere. Thus the air is a great

reservoir, in which are found ahiiost all gaseous substances.

The various constituents of air exert various influences upon

it. The oxygen is the active constituent ; it is the portion nec-

essary to the existence of animals and combustion.

The chief duty of the nitrogen is to dilute the oxygen and

weaken its excessive activities. Let us consider what would

happen if the air were made' up entirely of oxygen. It has al-

ready been said that iron and other metals burn in pure oxj-gen.

Then if the air were pure oxygen, the heat in stoves would cause

the iron to burn and the result would be that there would be no

restraining the conflagation. The influence of argon is practically

the same as that of nitrogen which it so strongly resembles.

The moisture in the air is of great value to animal and plant

life. We know that water has a great capacity for retaining heat.

When the sun's rays penetrate the atmosphere, some of the heat is

absorbed by the earth and then im[)arted to the air above it. The

moisture in the air hinders the escape of this heat. The heat thus

imprisoned, as it were, greatly aids the growth of animals and

plants. The earth imparts heat only to the layer of air immedi-

ately above it, as is shown by ascending a mountain ; the vegeta-

tion may 1)0 luxuriant at tho base, but as the mountain is ascended,

the richness of vegetation diminishes and a height is soon reached

where perpetual cold and snow prevail ; no animals exist and only

the lowest forms of vegetation can be found.

The glories of the sunrise and sunset are due to moisture in

the air. The light shining through the drops of water that float

about in the form of clouds, produces the beautiful eft'ects.

Carbon dioxide, the fifth important constituent of air, is

formed as has already been stated, when combustion takes place

either in a fire or in animals. When an animal breathes, minute

particles of animal tissue are burned, and one of the products of

this combustion is carbon dioxide. For this reason, the animal

body has been likened to a furnace.

On account of the large number of animals on the globe, and

the immense quantity of coal that is burned, one might think that

the carbon dioxide by continually increasing would soon form a

large proportion of the atmosphere. Nature has wonderfully
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provided for this. The carbon dioxide, which is the waste matter

of animals, is one of the foods for plants. Thus the trees of the

forest are continually taking in the carbon dioxide and giving out

pure oxygen, which is at the same time the refuse of plants, and

the life giving oxygen which animals demand.

CHEHISTRY OF AIR.

On account of the abundance and importance of air, it has

been studied with great care. It has been carefully analyzed.

Experiment shows that air seems to be a chemical compound by

reason of one fact— the two principal constituents, oxygen and

nitrogen, have been found to exist in almost constant proportions.

Every other consideration, however, seems to show that air is a

mechanical mixture.

If air were a chemical compound, the proportions of the

constituents would not vary, "but the amount of oxygen is found

to vary from 20.908 to 20.999 per cent.

Among other reasons for thinking air a mixture, is the

following: Suppose air were composed of exactly 20 percent,

oxygen and 80 per cent, nitrogen, then the symbol would be

N^O. If four volumes of nitrogen are mixed with one volume of

oxygen, the mixture behaves like atmospheric air. When the

gases are brought together, no heat is either liberated or absorbed;

also there is no condensation. These phenomena are observable

in the case of chemical union. An investigation of the vapor

density, also shows the air to be a mixture, and not a chemical

compound.

CARBON.

Occurrence. — Carbon exists in nature in many forms. It is

seldom found pure or uncombined, although many substances are

made up largely of carbon. Carbon exists in three distinct forms ;

amorphous carbon, graphite and diamond. Amorphous means

not crystalline. Graphite and diamond are the crystalline forms.

Although these three forms bear no resemblance to one another,

and their properties differ considerably, yet they are all varieties

of the same element. .
•

Discovery.— Carbon, as charcoal, was thought by the

phlogistonists to be very pure phlogiston, because it burned leaving
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but little residue. Gnij)hite was known to the alcliemists; pencils

were made ot" it in the sixteenth century. In 1772, Lavoisier

burned a diamond, thus proving that it was not quartz, hi 1796,

e([ual weights of diamond, graphite and charcoal were burned,

giving equal weights of carbon dioxide, CO._j. This proved that

all these three substances were forms of carbon.

An0RPH0U5 CARBON.

Amorphous carbon exists as charcoal, bone-coal, lamp-black,

coke, gas carbon and mineral coal. Of these, mineral coal is found

in the earth, the other forms being artificial products.

Charcoal is probably the most familiar form of carboii.

Charcoal is not pure carbon, as it contains minerals antl other

inq)uiities. It is made by heating wood without burning it, or

only partially burning it. By heating wood for a time out of

contact witli air, the conrpounds which form the fiber are broken

up and the gases driven off or burned. This process is called

distillation, and as the 'compounds

are destroyed, it is sometimes

called destructive distillation.

Charcoal is usually prepared

by piling wood in a conical heap

as shown in Fig. 5, covering it

with sods and earth and letting it

smoulder. Small openings are left

for air. For this process a portion

of the wood is burned and the rest

only charred. The heat decom-

poses the wood, expelling the volatile gases.

a solid which consists mainly of charcoal.

Charcoal is a black, amorphous, porous substance, having

neither taste nor odor. It is insoluble in any liquid, and cannot

be melted or vaporized except in the electric furnace.

Animal charcoal is made by treating in a similar manner

animal matter such as waste leather. When bones are burned,

the volatile portions (water, ammonia etc.) are driven off, and the

carbon is left deposited on calcium phosphate. This product is

called bone=bIack, and is used in refining sugar.

The product is
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Lamp-black is a nearly pure form of imcrystallized carbon.

It is made by partially burning turpentine, oil, tar, resin etc., and

collecting the unburned carbon or smoke.

The smoke flows into a chamber, as shown in Fig 6, where

the sooty material collects on the walls and floor. It is scraped

off and sold. Lamp-black is used in printers' ink, black paint, etc.

Coke is formed from soft coal. The coal is distilled upon

the same principle as in wood. The process drives out the volatile

gases, which are used for illuminating. Like charcoal it is very

porous, but requires a high temperature to set it on lire. Coke is

used for heating.

Gas Carbon is formed in the manufacture of coke and illum-

inating gas. It is very dense and hard. •

nineral Coal is a well-known compound of carbon. It is very

abundant, being found in almost evary country in the world.

The United States has by far the largest amount.

Coal was once wooil. It is tlie accumulated masses of the

remains of a luxuriant vegetation of an early period of the history

of our globe. Many centuries ago the eartli contained vegetable

life which was at least as rank as it is to-day. The earth's crust

has been subject to u[)lieaval and subsidence, which have caused

the various layers to be contorted. Plant life was buried, and as

time went on, it l)ecame covered with earthy matter, thus being

subjected to pressure and also to a slow distillation by heat. This

action of heat, pressure and percolating waters, changed the wood

to coal.

Coal is found in two distinct varieties : Anthracite or hard

coal, and Bituminous or soft coal.

Anthracite is rich in carbon, some varieties having about 90

per cent. It seems to have been formed from soft coal, under

conditions of pressure and temperature Avhich expelled the more

volatile constituents. As anthracite coal has had most of its

volatile gases expelled, it burns with little flame and will ignite

only at a high temperature. It is used for heating houses, but it

is more expensive than soft coal, and far less abundant.

Bituminous Coal has several sub-varieties, Cannel and

Lignite. rh»'y are not as pure forms of carbon as bituminous

coal. Peat is a low form of lignite or brown coal. Bituminous
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coal contains less carl)()n than liard coal, but is richer in hydro-

carbons. It gives off considerable smoke and burns with much
ilanie at a lower temperature than anthracite, On account of the

volatile gases, it is much used for making illuminating gas and

coke. Cannel coal is very rich in hydrocarbons, but is very

expensive.

GRAPHITE.

Graphite, also called black-lead, plumbago, etc., is a compact

and comparatively pure form of carbon. It is (juite abundant and

widely distributed. It is found in some places as a continuation

of beds of anthracite coal which thus indicates its origin. Like

coal, graphite seems to come from plant life.

(iraphite is a soft, black crystalline mineral, insoluble in any

substance at ordinary tempera-

tures, and is almost infusible.

Graphite is a good lubricant. It

is practically infusible and uidike

other forms of carbon can be

burned only at the highest tem-

peratures when it forms carbon

dioxide, CO 3.

Carbon, as a graphite, is ver}^

useful, ft is used as a lubricant,

for facing molds for iron cast-

ings, for electrotype facings, lead

pencils, stove polish and polish

for gunpowder. On account of

its in fusibility and incombustibil-

ity, it is used for lining crucibles

in which iron and steel are melted.

Coal and graphite we of precisely the same chemical nature, yet

while coal is burning in the fire, and thus furnishing intense heat for

meltingmetals,thegraphite,of which the crucible is made, resists heat

and combustion and while ^^.llowing the metals to meltpreserves them.

DIAHOND.

The diamond is nearly pure carbon crystallized. It is one of

the most wonderful substances known. Diamonds an) found in

only a few places on the earth, and are not abundant. Since the

Fiff. <5.
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time of the ancient Greeks and Romans, the diamond has been

jjrized on account of its brilUancy, rareness, hardness and unchange-

ability. The hirgest diamond ever found weighed less than lialf

a pound, and is valued at over half a million dollars. Diamonds

are cut in exact geometrical shapes as shown iu Fig. 7, hy splitting

off portions. They are then polished Ly rubbing them on a revolv-

ing plate upon which is a mixture of oil and diamond dust.

Diamond is the hardest substance known with the possible

exception of the artificial product, boron. There have been many

attempts to make diamonds by melting carbon and then letting it

crystallize. By fusing carbon with iron, minute crystals have

been produced.

The principal use of diamonds is as a precious stone. Because

of its hardness, it is used for cutting glass, and poor varities are

used in rock drills.

OTHER FORHS OF CARBON.

In addition to the three forms of carbon alreadj' brielly

described, it exists iu many compounds with other elements. It is

found in the atmosphere in carbon dioxide gas. Also, it is one of

the important constituents of petroleum. Marble and limestone

contain enormous quantities of carbon. These minerals consist

largely of calcic carbonate, CaCOg. Almost all animal and

vegetable matter contains carbon.

USES.

The uses of carbon in the form of charcoal, graphite and

diamond have already been mentioned ; but some of the more

important uses are worthy of discussion. On account of the

infusibility, carbon is used in the pencils of arc lights. It slowly

burns away, but this is expected as the current flowing from one

pencil to the other gives out intense heat as well as brilliant light.

Carbon, whether as wood, charcoal or bone-black, has a

wonderful power of decolorizing liquids. When colored solutions

are strained through a quantity of one of these forms of carbon,

the carbon absorbs the coloring matter, and the li<piid that has

passed through is practically colorless. On account of this prop-

erty, enormous quantities of l)one-black are used for whitening

syrups before they are crystallized to sugar.
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A similar property to this, is the power that charcoal has of

absorbing oft'eiisive gases. Hence, it is used as a disinfectant. If

tainted meat is packed in freshly burned charcoal, it soon lot-js its

odor.

COnPOUNDS.

There is a large number of compounds of carbon. The

reason why the number is so great is that the valence of carbon is

four. We saw that the valence of hydrogen is one, and that of

oxygon is two, and that there are few compounds of these two

elements. Now as carbon has

four hooks with which to take

hold of other substances, it

naturally takes hold of a great

many.

^Vlthough carbon is very

inert at low temperatures, yet

at high temperatures, carbon

draws oxygen away from al-

most all known elements. It

thus shows that its chemical

force is superior to that pos-

sessed by any of them.

Carbon unites with oxy-

gen forming carbon mon-

oxide, CO, and carbon di-

oxide CO 2- These interesting and important compounds will be

discussed with the subject Combustion, with which they are so

intimately connected.

With other elements carbon forms many useful and important

compounds. Many of these compounds belong to that branch of

science called Organic Chemistry. Organic Chemistry was

formerly considered as the chemistry of substances derived from

existences that possess organs such as animals and plants. At
present, however, it is considered to be the chemistry of carbon

and its compounds.

This subject is of such an extent that it is impossible to

discuss it here. The simple fact that organic compounds include

Fiff. 7.
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vegetable juices, extracts, gums, resins, essences, acids, oils,

alcohols, coloring matter and many others is an indication of tiie

extent and importance of this l)ranch.

Most of the substances thus named are compounds of hydrogen

and carbon, or of carbon, hydrogen and oxygen.

ILLUniNATFNG GAS.

Illuminating gas is mide by two methods. If made from

carbon and water, it is culled /cater (/us ; if made by the di3structive

distillation of bituminous coal, it is called coal gaa.

Water Qas.—^
This gas is extensively used at the jjresent

time in large cities. The process of manufacture is briefly as

follows: Superheated steam i^ passed through red hot anthracite

coal, and the gases tlius formed, collected. The chemical com-

bination may be represented by this reaction,

H^O + C = CO + 2H.

The coal, which is contained in large cylinders (Fig. 8), is

set on jfire, the combustion being accelerated by a strong air blast

at A. While the coal is thus burning, CO and CO., are formed,

and the CO., passes oil" through the hood H. When the coal is

l>urning wt^U, or is incandescent, the air blast A is closed, as is

also the to]) of the cylinder at C. The valve R is now opened,

and the superheated steam from the boiler enters the cylinder,

passes up through the burning coal, and the products CO and H
(see reaction) pass out the pipe I) to a reservoir. When the

steam has cooled the coal, the valve E is closed, and the coal

again heated.

As both II and (JO burn with a feeble flame, it is necessary

to mix with these some substance which will make the gas give

more light. The light-giving constituents are usually the hydro-

carbons obtained by distilling naphtha or petroleum.

Coal Qas.— To make this gas, cylinders called retorts made

of iron or fire clay are filled with soft coal and heated to over

1000° F. by a coal fire. The gases formed pass upward through

the exit pipe to the hydraulic main, which is a large pipe through

which water is kept flowing. The products of distillation which

pass to the hydraulic main are liquid, semi-liquid and solid

(hydrogen, carbon dioxide, sulphur, ammonium compounds, coal
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tar, &c) ; these are washed and some of them deposited in tlie

main.

The insoluble gases pass to the condensers, which are a series

of vertical pipes placed in the open air. As the gas is thus cooled,

tarry liquids, whicli have been in the gas in the form of a vapor,

are deposited.

Next the gas fl^ws to tlie washers, or scrubbers, wliere it

meets a falling spray of water which by absorbing ammonia

(NHg) and liydrogen sulphide H.-,S w.ishes the gas. It then goes

to the i)uritiers, which are large iron boxes

with a large number of shelves on which is

dry quicklime, CaO, or hydratcd ferric

oxide. The quicklime absorbs II.^S and

other acid gases. Tlie gas is now \mve

enough for use, and passes into the large

tanks called gas holders from which it

goes to the consumers.

Composition. — When coal distilled

gas is in its purest condition, it i>^ a ver}^

complex substance and the proportions of

the constituents vary somewhat. About

5 per cent, is made up of hydrocarbons,

such as C^H,, CgHg, C2H4, &c. These

hydrocarbons are the light-giving portions. Impurities, such as

CO 2 and N make up about 5 per cent. more. The remaining 90 per

cent, is made up of three gases which give but little light. These

are H about 45 per cent., CH^ about 40 per cent., and CO about

5 per cent.

Product^.— There are three distinct classes of products of

the distillation of coal; solids, liquids and gases. The solids are

left in the retorts, the liquids are condensed in the coolers, and

the gases are absorbed by quicklime and water, and pass to the

gas-holder.

The solids are coke and gas carbon. Coke, the spongy sub-

stance left "in the retort, is a form of carbon. It is used as a

fuel. The gas carbon is a sort of scale, and is used for the car-

bons for electric lights.

The liquids consist of complicated mixtures of carbon corn-

Fig. 8.
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poiinds, hut tlioy are of great interest and importance. When
coal gas was first made, these liquid products were thrown away,

but little by little chemists began to recognize their value, and

now tliey are A'^eiy useful in the arts. From the filthy and offen-

sive coal-tar, the most beautiful and brilliant dye-stuffs are made.

These dyes are very permanent. One of the substances from

coal-tiir is benzole, a c()ni[)ound (^gll^., from wliich the well-known

aniline dyes are ju-oduced. The preparation of these dyes from

the apparently worthless product, coal-tar, is a great achievement.

The gaseous products.— The gases generated in the process

of coal-gas manufacture are numerous. Some are combustible,

l)ut have little illuminating power, such as hydrogen and carbon

monoxide. Others, ethyleae (C2H^), for instance, have high

illuminating power. Nitrogen is always formed, but contributes

nothing to the value of the gas. Tlie sulphur compounds, II^S,

etc., burn, but form nndesirable oxid(!S of sulph'ir.

COMBUSTION.

Coml)ustion is a rapid cliemical coml)ination of the substance

that burns, and tlie substance that supports combustion. It is

usually attended with light, and always with heat.

The two principal sul)stances that burn are carbon and h}'"-

drogen, or their compounds ; the supporter of combustion is oxy-

gen. In addition to th(^ two substances (the one that burns and

the su[)porter), another condition is necessary— a temperature

sufficiently high for the union of the substances.

If a stove is partly filled with wood or coal (both contain

carbon and hydrogen), and the doors opened, the substances will

not burn, although there is plenty of oxygen surrounding the

lumps of coal, If, however, the temperature of the coal is raised

sufficiently high, the wood or coal burns ; or, chemical union

takes place.

In order to have carbon, hydrogen or sulphur burn, they

must be set on fire or kindled. In other words, the temperature

of the substance must be raised to a certain degree before it will

burn. This is called the kindling point, and the kindling point

varies for different substances.
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I^'lamo iiidieatos the coiiihiistioii oi a Vu[[\'u\ or gas. Solids

siiii[)ly l;1()\v wlieii biiniiii^-, l)iit do not give out flame.

Coal, the pi-iiuipal fuel used in engineering, is eomposed

chiefly of carbon, the amount varying from about 50 per cent, to

85 per cent. In addition to carbon, coal contains compounds of

hydrogen and carbon, called hydrocarbons. These are gases

which burn with both light and heat. The third constituent of

coal is called ash. It is an earthy substance which remains after

the burning of the coal.

As already stated, combustion is a rapid chemical combina-

tion of oxygen with carbon and hydrocarbons. Oxygen and car-

bon hive a very strong attraction for each other at high

temperatures, and unite with great force, producing light and

heat.

When coal is first thrown on the fire or placed on the dead

plate, the heat from the fire drives off the hydrocarbons. Tliese

gi^es, being combustible, are burned above the fire or, as in the

case of a marine boiler, in the combustion chamber. In ^rder to

have the hydrocarbons burn, enough oxygen must' be admitted to

unite with them, and the tamperature must be sufficiently high.

If these hydrocarbons do not burn, because of low temperature or

of insufficient oxygen, they pass up the chimney and a large

amount of available heat is lost.

After the hydrocarbons are driven off, the solid portion,

coke, is left on the grate or dead plate. To burn the coke, air

(containing oxygen) passes up between the grate bars and tiirough

the spaces between the pieces of coal.

In burning both hydrocarbons and carbon, or coke, certain

new substances are formed, which are c.illed products of couibus-

tion. These are gases, carbon dioxide, CO.,, carbon monoxide,

CO and water, H.-,0 (as a vapor).

If there is plenty of oxygen present when hydrocarbons and

carbon are burned, the products are CO^ and H., O. If there is

insufficient oxygen, the products are CO and H^O.

CARBON DIOXIDE.

This important and interesting gas is called carbon dioxide,

carbonic acid, carbonic acid gas and carbonic anhydrid. Its im-
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portance and effect on anim.il and plant life have already been

mentioned. The principal natural source in the atmosphere is

the combustion of fuel. The gas is made up ofcarboa and

oxygen, and as coal, wood, oil, illuminating gas, etc., are all car-

bonaceous substances this gas is formed whenever combustion

takes place. .

Carbon dioxide occurs combined in all carbonates ; limestone,

CaCOg, being the most abundant.

To prepare carbon dioxide it is only necessary to cause some

acid, as hydrochloric acid, to act on a carbonate, as calcium car-

bonate, CaCO.j. Tire gas thus liberated can be collected and

used to ascertain its properties. The action of the. acid on the

carbonate may be expressed as follows :

CaCOg + 2 HCl = CaCl2 + H.^COg.

The II.^CO.^^ (carbonic acid) is very unstable and breaks up

almost as soon as formed into CO., and H^O.
H.,C()g r= H.O 4- CO,.

Carbon dioxide is formed whenever carlion burns with plenty

of oxygen

C + 20 = CO^.

Carbon dioxide is a heavy colorless gas with a pungent odor.

On account of its weight, it does not mix readily with other gases

or the air, but collects in the bottoms of wells and near the floors

in rooms. CO^ does not support combustion, nor is it a supporter

of respiration.

Formerly it was thought that carbon dioxide was poisonous,

but it is now thought thatCO^ causes death by excluding oxygen.

The fact that carlwn dioxide is beneficial to tlie system if taken

into tiie stomach shows that it is not poisonous.

CO., is somewliat soluble in water, and when dissolved in

water forms with it a weak, unstable acid, IloC'Og.

The principal uses of carbon dioxide are as follows: It is

used in making soda-water and artificial mineral water. Soda-

water is simply water in which considerable CO^ is dissolved;

carl)on dioxide being soluble in water. It is also used in chemi-

cal engine^-!, because it does not su[)port combustion. When
lI.jSO^ unites with sodium carbonate Na^COg, carbon dioxide is

formed.
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2^

II^SO^ + Xa^CO, = IToCO, -f Na^SO,.

The carbonic acul, ll,,CO.^, immediately l)rcaks up into II.^O

and CO,.

The action of yeast in bread-raising is a kind of fermentation ;

tbe carlnm dioxide and alcoliol formed cause the dougli to raise

and make the; bread porous.

CARBON nONOXIDE.

Carbon monoxide is not nearly as common as carbon dioxide.

The reason is that the compound CO contains only one-lialF as

much oxygen as does CO2 and as it

is only half saturated, it has a great

affinit}^ for oxygen. On account of

the activity of CO, it i-eadily combines

with oxygen and other elements.

This gas, carbon monoxide, does

not occur naturally anywhere, except

in case of combustion in a limited

amount of air. It forms one of

the principal constituents of water

gas.

Carbonic oxide is a colorless gas

without taste and with but little

odor. Its chief property is its poisonous nature. It is the deadly

constituent of water gas.

B
A

J^ ^
Fitr. 0.

As has already been stated, carbon dioxide is formed when
combustion is carried on with an abundance of oxygen, and car-

bon monoxide when the supply of oxygen is limited. \\\ this

connection let us consider the ordinar}^ coal stove, (Fig. 9). Air,

containing oxygen, enters through the lower door D, and since

there is plenty of oxygen, COg is formed in the zone represented

at A.

C + 20 = CO2
As this carbon dioxide rises through the hot coal, where

there is but little oxygen, it gives up one-half of its oxygen to

the carbon of the coal, and carbon monoxide is formed in zone

B.

COo + C = 2C0.
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Wlien the gas, CO, readies the surface of the coal, whore it

meets tlie oxygen whioli lias entered the »li-aft plate or grid in the

upper door, it is changed to CO.^.

CO + 6 = CU)^

There is one great difference between carbon dioxide and

carbon monoxide that is of importance to the engineer. CO2 is

not combustible while CO can be burned. Let us see how this

fact affects the economy of a boiler.

If the air supply is not sufficient to form carbon dioxide,

carbon monoxide, CO, is the product. This gas is combustible,

and as it will give up considerable heat, if burned, it is undesir-

able to have it pass unburned up the chimney. This loss is pre-

vented by burning the coal with more oxygen.

We thus see the necessity of admitting sufficient air to the

coal, if we wish to run our boiler economically. However, we

cannot open the doors and let in an unlimited supply of air, be-

cause too much air is a source of loss, as we shall see later. How
then are we to know how much air to admit? While the fireman

is shovelling coal and regulating the dampers, he cannot stop to

figure out the amount of air he should use or is using, but he

judges the right amount from the appearance of his lire, and the

smoke that issues from the chimney.

By knowing a few principles of chemistry, and the chemical

composition of the coal, we can calculate the amount of air the-

oretically necessary to burn the coal economically.

AinOUNT OF AIR NECESSARY TO BURN FUEL.

Air is composed of about 77 per cent, of nitrogen and argon,

and 23 per cent, of oxygen. The oxygen is the only element

that aids combustion ; therefore, if one pound of air is admitted

to the ashpit, only about one-fourth of a pound of oxygen aids

combustion ; the three-fourths of a pound of nitrogen is inert.

The nitrogen is of no aid, but is a source of loss because it must

be heated to the same temperature as that of the oxygen. For

every pound of air admitted in excess of the amount necessary,

three-fourths of a pound of nitrogen takes heat from the coal.

Thus we see that the regulation of the air supply is exceedingly

important.
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If tlio proper aimmiit of air is admitted, the hydrocarbons

and carbon are burned, forming water (in tlio form of steam) and

carbon dioxide. These gases, the products of combustion, to-

gether with heated nitrogen and smoke, pass up the chimney.

Carbon Dioxide.

We have already learned that tlie product obtained by burn-

ing carbon in oxygen is carbon dioxide gas, CO.2- This gas is

composed of 12 parts carbon and 32 parts oxygen.

C = 12, O., = 2 X 16 = 32.

Now, since 32 parts are oxygen and 12 parts are carbon, ^|
pounds of oxygen are necessary in burning one pound of carbon.

In other words, for every pound of carbon that is burned in the

furnace, -|2. z=: 2| = 2.67 pounls of oxygen must be supplied to

obtain the product CO 3. Air contains but 23 per cent, of oxy-

gen; then to obtain 2.67 pounds of oxygen from the air, 2.67 -f-

.23 = 11.6 pounds must be used.

We have said that 11.6 pounds of air furnishes 2.67 pounds

of oxygen. It is evident that the remiinder is nitrogen; or 11.6

— 2.67 = 8.93 pounds of nitrogen are also obtained. Thus if

one pound of carbon is burned in 11.6 pounds of air, the pro-

ducts are one pound of carbon, 2.67 pounds of oxygen (making

3.67 pounds of CO2) and 8.93 pounds of nitrogen.

1 lb. C + 2.67 lbs. O + 8.93 lbs. N - 12.6 lbs.

This is the manner in which the 11.6 pounds of air and 1

pound of carbon unite.

We may say in brief that to completely hum one pound of

^:nrhon we must use 11.G 2}ounds of air. From this 2.07 pounds

of oxygen are used in combustion and 8.93 pounds of nitroyen pass

up the chimney without aiding combustion.

Water.

The product obtained by burning carbon is carbon dioxide

;

if hydrogen is burned, the product is water, HgO. We know

that water is 2 parts hydrogen and 16 parts oxygen.

H = 1, H, := 2, O = 16.

Then one pound of hydrogen requires J^ = 8 pounds of

oxygen. To obtain 8 pounds of oxygen, 34.8 pounds of air are
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necessary, because air contains 23 per cent, oxygen and 8 4- -23

= 34.8.

If one pound of hydrogen is burned in air, 34.8 pounds of

air will be required, and we will get as products 8 pounds of

oxygen and 1 pound of hydrogen (making 9 pounds of Avater)

and 34.8— 8 = 26.8 pounds of nitrogen.

1 lb. H + 8 lbs. O + 26.8 lbs. N = 35.8 lbs.

To completely burn one 2^ound of hi/drogen, we must use 34-^

pounds of air. Of this S pounds of oxyijen are used in eomhusfion,

and 2G.8 pounds of nitroijen jxiss up the chimney without aiding

combustio)i.

Carbon rionoxide.

If the combustion is not complete, the product is CO instead

of 00.2- We see that this is so because in equal amounts of CO
and CO.-,, there is but one-half as much oxygen in the former as

in the latter. As there is only one-half as mueh ox^^gen in CO
as in CO.-,, it takes only one-half as much oxjgen to l)urn carbon

to CO as it doe's to CO2. We know that 11.0 pounds of air are

necessary to burn carbon to CO.^ ; therefore to burn it to CO
only 1|^^ =5.8 pounds of air are necessary.

If one pound of carbon is burned to 00, 5.8 pounds of air are

necessary. Of this 5.8 ptounds of air, 1.33 pounds of oxygen are

used in combustion, and 4-4'^ p>ounds of nitrogen pass up the

chimney.

The quantities of air required for combustion are as follows •

To burn one pound of

Carbon to CO.^ requires 11.6 pounds of air.

Carbon to CO requires 5.8 pounds of air.

Hydrogen to II.2O requires 34.8 pounds of air.

Coal is eom[)osed of hydrogen, carbon and a .sniall amount of

incombustible matter.

From the above we can calculate how much air is theoreti-

call}' necessary to burn a pound of coal, if we know the amount

of carbon and hydrogen in the coal.

Suppose we have a coal composed of the following;

Carbon, 85 per cent.

Hydrogen, 10 per cent.

Ash, 5 per cent.
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Since it takes 11. (5 jkmukIs of air to l)urn 1 j)Oiiiul of carbon

to CO_,, it would take ll.UX .85=y.80 pounds of air to burn the

carbon in 1 pound of coal.

To burn the hydrogen, 3.48 pounds of air are necessary

because 34.8 pounds are necessary to burn 1 pound and

34.8 X.10=3.48.

Hence, it takes 0.864-3.48= 13.34 pounds of air to burn one

pound of coal of the above composition.

To find the amount of air theoretically necessary to burn one

pound of any fuel, M'e find the amount required to burn the car-

])on l)y multiplying the percentage of carbon by 11.0, and the

amount re(piired to burn the hydrogen ])y multiplving the ])ercent-

age of hydrogen by 34.8. The sum of these two results is the

desired quantity.

EXAMPLE FOR PRACTICE.

A certain kind of coal contains 87 ptT cent of carbon, 8 per

cent of hydrogen, and T) p^r cent ash. How many jiounds of air

will lie re(piired to burn one ton (2(){)() pouiuls) 1

Ans. 25,752 pounds.

METALS.

Such elements as carbon, nitrogen and sulphur when com-

bined with oxygen and hydrogen form acids: carbonic acid Il.COg,

nitric acid UNO.,, sulphuric acid H^SO^. In addition to elements

of this class—which we call non-metah,—there is a very laro-e and

important class of elements called metals, with which hydrocren

and oxygen form hasie substances. These basic compounds, such

as sodium hydroxide NaOH, calcium hydroxide Ca(OH), and ferric

hydroxide Fe(OH)„ combine readily with acids and destroy the

peculiar properties of the acids, at the same time losing their own
peculiarities. The new substance thus formed is a salt/ water is

always set free, as shown by the equation:

• Ca(OH), + H.,SO, = CaSO, + 2H,0,

in which calcium hydroxide, or slacked lime, is represented as com-

bining with sulphuric acid to form calcium sulphate, which when

crystalized with water is called gypsum. This formation of hydrox-
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ides, which neutralize acids and thus form salts, is the characteris-

tic chemical property of metals.

SODIUM.

This is the most common and important of a group of soft,

silvery-white metals, which may be readily cut with a knife, and

which rapidly tarnish in air. The other members of the group are

lithium, potassium, rubidium and caesium. Of these, potassium

alone is sufficiently abundant to be technically important at present.

Occurrence.—Sodium occurs abundantly in nature in the com-

pounds sodium chloride or common salt, and sodium nitrate or

Chili saltpetre. Many other compounds of it are found in smaller

quantities. Common salt forms immense beds in many parts of

the world, and at various depths from the surface of the earth. It

constitutes the chief saline matter in sea water, and in the water of

such bodies as the Great Salt Lake and the Dead Sea.

Discovery and Preparation.—Sodium was first isolated by

Sir Ilumj)hry Davy in 1S07, by the electrolysis of molten sodium

hydroxide, and after a century of experimentintr we have returned

to this as the best method for its production, due to the reduction

in the cost of electric power. In the Castner electrolytic process

the sodium hydroxide—or niiisflc xoda as it is called—is melted in

an iron vessel tlirouii;h the bottom of whicli ])asses a negative elec-

trode of graphite. To prevent the oxygen of the air from reaching

the sodium, an iron cylinder closed at the upper end is placed over

the cathode so that its mouth dips into the liquid electrolyte. The

sodium and hydrogen set free at the cathode rise together to the

surface. The gas escapes by bubbling out beneath the edge of the

cylinder while the metal remains floating upon the fused caustic

soda. The outer iron vessel serves as an anode.

Alkalies.—The term alkali, which is applied to the metals of

this group, and sometimes also to their hydroxides and carbonates,

was originally used to denote the salt obtained by treating the ashes

of plants with water. From the ashes of land plants we obtain

chiefly carbonate of potassium, which in the crude state is called

potash from the method of its preparation. The ashes of seaweeds

yield chiefly carbonate of sodium.

Properties.—As above stated sodium is a soft white metal.
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readily moulded by the fincrers at ordinary temperatures. It is not

affected by perfectly dry air or oxygen. It floats on water, decom-

posing the water touching it, setting free the hydrogen (which

may be ignited), and forming sodium hydroxide which dissolves in

the M'ater.

2^^a + 211,0 = 2^^aOH + II,

The moisture of the atmosphere produces a film of sodium

hydroxide M'hich rapidly follows the knife when the bright metallic

surface is exposed. By a further step the carbon dioxide in the air

changes the surface to sodium»carbonate.

Important Compounds.— With Oxygen: The only important

oxide of sodium is the peroxide ^a,0, which is formed by heatincr

sodium to 300"C (572^ F.) in dry pureair, or by burning sodium in

oxygen. It is a yellowish-white solid which decomposes in contact

with water with considerable rise of temperature, and the formation

of sodium hydroxide and oxygen.

Na.O_, + II_,0 = 2Xa01I + O

When slowly added to water or to dilute acids, hydrogen peroxide

is formed.

Na^, + 2Iip = 2XaOII + H,0,

Na.O^ + 2HC1 = 2NaCl + 11.6,

"

It is thus a powerful oxidizing agent in either acid or basic solu-

tions, and is used for bleachingr.

With Oxygen and Hydrogen.—Sodium hydroxide (Caustic

Soda—IS^aOH). As already stated, this compound is formed

when sodium or sodium peroxide comes in contact with water. It

is manufactured in large quantities by the action of slaked lime on

a boiling solution of sodium carbonate.

Na,C03 -f Ca(OH), = CaCO^ + 2KaOII

The calcicum carbonate is almost insoluble, while the sodium

hydroxide solution is drawn off and evaporated for the market. It

is now made quite largely by the electrolysis of brine, the chlorine

being collected for the manufacture of bleaching powder, and the

sodium acting on the water to form the hydroxide.

2XaCl = Na, + CI.

Na, + 2IL0 = 2NaOH + H,
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Sodium hydrate is a wliite, deliquescent (water absorbintr) solid,

strongly alkaline and caustic. It is largely used in the manufactures,

especially in soap making. The salts of sodium are of great com-

mercial importance, many of them being made in enormous quanti-

ties. The starting point for their manufacture is common salt.

Sodium Chloride, or common salt, is dug as rock salt from

the great natural beds in Austria, Germany, Spain, Louisiana,

New York, and elsewhere. It is also obtained by the evaporation

of the water of the ocean or of salt springs and wells, by the heat

of the sun or by artificial heat.

Sodintii Carhonqte, (soda, washing soda, sal-soda) is next to

the chloride the most important salt. It occurs in nature in the

alkaline l)eds and waters of Egypt, America, and elsewhere. The

ash of sea weeds was the former source of it; now it is manu-

factured in great quantities by either the Le I^Ianc process, or the

Solvay process, or the electrolytic process. The first was discov-

ered by Le Blanc in France in 171)4, and consists of three parts.

In the first place common salt is warmed with strong sulphuric

acid in a shallow iron ])an in a i^xlt cal'a furnace, forming acid

sodium sul])hate and hydrogen chloride gas.

2NaCl + H,SO, = NallSO, + NaCl + IIV\

The hydrogen chloride passes off and is absorbed by water, form-

ing the hydrochloric acid of commerce. The mixture of sodium

hydrogen sul[)hate and sodium chloride is then raked into another

part of the furnace and heated until the remaining hydrogen of

the sulphate has been replaced by sodium, forming the salt cake.

NaHSO, + NaCl = Na^SO, + HCl

The hydrogen chloride is absorbed as before. Purified salt cake when

crystallized is known as (Glauber's Salt. The second step is to mix the

salt cake with crushed coal and with calcium carbonate in the form of

pure lime stone or chalk, and heat the mass in a hlack ash furnace.

Here the carbon of the coal reduces the sodium sulphate to sul-

phide, which is acted on by the calcium carbonate forming calcium

sulphide and sodium carbonate.

m.^SO, 4- 20 =: Na,S -f 2C0,

IsX's + CaCO, ^ Na,C03 + CaS

The product is called Black Ash. This is next leached or lixivi-
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ated in tanks with water, the arrangement being such that the

nearly saturated water acts on fresh black ash, while the fresh

water extracts the last of the sodium carbonate from the nearly

exhausted ash. Carbon dioxide is now blown through the liquid

to chancre to the carbonate any sodium hydroxide that may be

present. Then in shallow tanks the solution is evaporated to

dryness by waste heat from the furnaces, and the crystals calcined

and purified. This yields the <'(d<-hied jmr'tfied soda or soda ash

of coiunierci'. If this is dissolved in warm water, the impurities

allowed to settle, and the clear solution drawn off and crystallized

at the temperature of the atmosphere, we obtain i<nd<t rri/staln or

Sid-soda of the formula ^sa.CCJj • 10 II_,0, containing about 60 per

cent of water. From this Baking Soda or sodium hicarhonate—
NaHCO,—can be made by exposing the crystals on a grating to the

action of carbon dioxide.

CO, + Ka.CO, • 10 no = 2NaIIC(), + UII.O

The excess of water runs away through the grating. The

Ammonia-Soda process or Solvay process was invented by Dyar &
Hemming in England in 1S38, but did not become a commercial

success until after 1803, when the Belgian chemist Solvay con-

structed an apparatus which, with later improvements, promised

to manufacture the greater part of the world's supply of soda.

The condition which makes the process possible is that sodium

bicarbonate is but slightly soluble in a cold, concentrated solution

of ammonium chloride. When therefore carbon dioxide is pumped

into the base of a tower, nearly tilled with a cold concentrated

solution of common salt saturated with ammonia, we have sodium

bicarbonate formed as small crystals which gradually sink to the

bottom of the tower. It is removed and freed from liquid by

centrifugal machines or filter pumps.

Is^aCl + XII3 + CO, + H,0 = ]S'aHC03 + :N'H,C1

The temperature is kept at 35" C. (95^ F.) by the circulation of

cold water in pipes. Part of the carbon dioxide is prepared by

heating limestone in special limekilns, and the lime thus produced

is used for setting free the ammonia from the ammonium chloride,

so that it may be used again.

CaCO, = CaO + CO,

2NII,C1 + CaO = CaCl, + H,0 -f 2NH3
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A lar^e portion of the sodium bicarbonate is calcined to form

normal sodium carbonate, and from this action carbon dioxide is

also obtained- for use in the carbonating tower.

2NaIIC03 heated = Na,C03 + H,0 + CO,

The only Maste produced is calcium chloride.

Where electricity can be obtained cheaply, the production of

sodium hydroxide, as mentioned above, by electrolysis of a solution

of common salt, and from it sodium carbonate, promises to become

a possible rival to the older methods.

Two classes of apparatus are used. In one the sodium, as

set free at the cathode, is absorbed by a liquid metal, mercury or

molten lead, and this alloy is presently decomposed by water or

steam, yielding sodium hydroxide and hydrogen. In the other

form, the chlorine is set free by an anode at the upper surface of

the brine and prevented from combining with the caustic soda

around the cathode at the bottom by a porous diaphragm of asbestos

or similar material. The chlorine is used for making bleaching

liquids or powder.

Sodiutih Nitrate, (NaNO,)—or Chili saltpetre—is found in

immense quantities in Chili, mixed with other salts, in the caliche

beds. It is purified by solution and crystallization, and exported

for the manufacture of nitric acid, potassium nitrate, and fertilizers.

Sodium Phosjjhafe, (KaJIPO^ • 12 II.X)) is made by adding

sodium carbonate to a solution of calcium ])hosphate and evap-

orating. It is a crystalline salt containing over 00 j)er cent of

water.

Sodiui)i TJiiosulphate, (Na^S./)., • 5 H.^0 ) commonly called

sodium " hyposulphite," or " hypo," is largely used in photography

as a fixing agent, to dissolve away the excess of silver salt on a

developing plate. It does this by forming a double thiosulphate of

silver and sodium, which is soluble in water, and therefore removed

by the washing. It is also used to remove excess of bleaching

powder from materials bleached with chlorine. In its manufact-

ure caustic soda or sodium sulphite solution is treated with sulphur.

Na.SO, + S = m,S,0,
ONaOII + 4S = Na.'s,0, + 2Na_,S +3H,0

CALCIUM.
As sodium may be taken as the type of a group of metals com,
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prisincr ulso lithium, ])()tassiiim, caesium and ribidium, so calcium,

in its properties and compounds, is the familiar representative of a

group, of which the other members are strontium and harinm.

Beryllium and nuignesium are very closely related to this group,

and many of the statements regarding the compounds of calcium

are true of macrnesium as well.o

Occurrence.—Calcium is one of the ten principal constituents

of the earth's crust. Carbonate of calcium—CaCOg—is found in

particularly large quantities in nature as limestone, marble, chalk,

and calcite. Marl, which is used in making Portland Cement, is

largely calcium carbonate. Mountain limestone or dolomite, con-

sists of a double carbonate of calcium and maofnesium—CaCO •

MgCO,j. Many of the crystalline minerals, as feldspar and mica,

contain calcium silicate. The sulphate occurs in great deposits, as

gypsum and alabaster. Calcium ph()sj)hate is an important con-

stituent of artiticial fertilizers, and occurs as the minerals apatite

and phosphorite. •

Preparation.—No important use has yet been found for the

metal calcium, so that its prejjaration is of chemical interest only.

Its use in place of aluminium is proposed, in steel making, to take

out impurities and assist, in the production of sound ingots. It can

be made by decomposing dry fused calcium iodide with red-hot

sodium, and also by electrolyzing the iodide or chloride in a manner
similar to that in which sodium is obtained from sodium hydroxide.

Properties.—Calcium is a silvery-white metal, quite soft and

malleable, but less so than sodium and potassium. It burns bril-

liantly when heated in the air, combining with both the oxyo-en and

nitrogen. It decomposes water readily, forming the hydroxide.

Compounds.—Calcium Oxide (CaO) is the common substance

quick-lime or unslaked lime. It is made in large quantities by
heating calcium carbonate—limestone, marble, oyster shells, etc.

—

in furnaces called limekilns.

CaC03 =: CaO + CO.,

Quicklime melts only at a very high temperature, and when
strongly heated glows very brilliantly,—the lime-light. It absorbs

moisture and carbon dioxide from the air, and so goes back into

calcium carbonate.
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(^aO + 11/) = Ca(OH), slaked lime.

Ca(On), + CO, = CaCbj + lip

This action is made of great service in construction work. Water

is added to quicklime, which combines vigorously with it, forming

slaked lime, and setting free considerable heat. This slaked lime

is mixed with sand into a paste called iiiortai\ which gradually ab-

sorbs carbon dioxide, and hardens into a mixture of limestone and

sand, binding together bricks or stones into solid walls. The sand

prevents the mortar from being squeezed out from between the

stones or bricks, and also prevents its shrinking when drying. When
heated with clay, quicklime combines with the alumina and silica,

and the resulting compounds, when finely pulverized, are the Port-

land Cement of commerce. This material differs from the mortar

described above, in that it will net or harden under water.

Cdh-lniii ITydroxlde.—When quicklime comes in contact with

water it combines readily with it, at the same time expanding greatly

and crumbling to a powder. The heat accompanying this slaking

is so great as to occasionally ignite cars or other wooden receptacles

coiitaiiiing the lime. Calcium hydroxide is somewhat soluble in

water, and the clear solution is the well-known basic liijuid— I'mie-

irater. When exposed to carbon -dioxide a tilm of calcium carl)onate

is formed on the surface, of lime-water, and if the gas be ])lown

through the water, a milky fluid results, due to the ])articles of cal-

cium carbonate formed. This may be observed by blowing with a

small tube through a clear solution of lime-water. The CO., of

of the breath forms calcium carbonate, CaCOg which appears as a

white cloud. On continued blowing this cloud will begin to dis-

appear, showing that the calcium carbonate at first precipitated is

beginning to be dissolved by the COg gas.

Calcium Carho7iate.—As noted above this compound forms a

considerable portion of the earth's crust, under the names limestone,

marble, and chalk. While practically insoluble in pure water, it is

dissolved by water containing carbon dioxide. Rain water which

absorbs carbon dioxide from the air, therefore dissolves calcium car-

bonate quite appreciably, one result being the formation of caves of

greater or less extent in limestone countries. The waters of springs,

wells, rivers and lakes, for the same reason, contain dissolved in them,

usually several grains of limestone per gallon. When such water
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is heated the carbon dioxide dissolved in it is expelled, and the

limestone heiiifj; no longer solul)le is precipitated, resulting in the

formation of the sculc found in tea-kettles and boilers. To steam

users this is a serious evil, as a lining of one-fourth of an inch of

scale in a boiler, necessitates the use of about 30 per cent more

fuel, to obtain similar quantities of steam.

When soap is added to water in which salts of the heavy met-

als—calcium, iron, zinc, magnesium, etc.—are dissolved, the soap

will form little if any lather at first, but instead forms an insolu-

ble, curdy material, which is really a soap containing the calcium,

or other metal. Such water is known as Juird water, in contrast

with rain or other waters which at once form lather with soap.

As salts of calcium, especially the carbonate and sulphate, are by

far the most common in natural water, the attempts to soften

water are usually aimed at these substances. AVe have seen that

the solubility of calcium carbonate depends on the presence of

carbon dioxide, and that the expulsion of this gas by heat results

in the precipitation of the carbonate. One efficient way of pre-

ventino- the formation of scale in a limestone country, is there-

fore the use of feed-water heaters. .Lime water in proper

quantity added to boiler-feed water in tanks, will combine with

the carbon dioxide in the water, and so cause the precipitation of

the carbonate.

CaCO^ • CO, + Ca(OH), = CaCO^ + CaCO^ + H,0

"Waters containing calcium carbonate or mag-nesium carbon-

ate in solution are known as ttijiporarilij hard waters, because

they can be softened by boiling as above indicated. Other salts,

which cannot be so readily removed, make water 2>^'>'^"^'^^''^^i^!)

hdi'ij.

Calcium chloride.—(CaCl,.) This salt is formed when cal-

cium oxide or hydroxide or carbonate is dissolved in hydrochloric

acid.

CaO + 2HC1 = CaCl, + H,0
CaC03 + 2HC1 = CaCl, + 11,0 + CO,

Calcium chloride will form crystals containing water, for ex-

ample, CaCl, • 6H,0, and when the water is removed by strong

heat, the anhydrous salt will readily absorb water again. On ac-
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count of being tlins ]iygroscopic, calcium chloride is frequently

used for drying gases or liquids.

Chloride of JAiiie.—This is the name often given to a sub-

stance formed by saturating slaked lime with chlorine. Its com-

position is probably represented by the formula CaOCl,,. It is a

white powder which readily sets free chlorine, when treated with

an acid.

CaOCl + 2HC1 = CaCl, + li,0 + CI,

CaOCl, + H,,SO, = CaSO, + H^ + CI,

The chlorine thus obtained is largely used for bleaching cot-

ton and linen, and the chloride of lime is therefore called Bleach-

ing Powder.

Calcium Sulphate occurs in nature as gypsum (CaSO^*.

2 H.O). It is slightly soluble in water, but enough of it is found

in many waters used for steam making to form an extremely hard

scale in the boilers. Its complete removal before the water enters

the boiler, is an important and unsettled problem, but the addition

of a proper amount of sodium carbonate is of considerable help.

When carefully heated to 230^ F., gypsum loses about three-

fourths of its water of crystallization. The resulting powder, when

stirred with water into a paste, .sv^As- firmly, or becomes a hard mass,

and under the name of Plaster of Paris is largely used for mak-

ing casts.

Calcium PltoKphate (Caj(PO^)^,) occurs in nature as the min-

eral phosphorite, and also in the bones of vertebrate animals.

When treated with sulphuric acid in proper proportions, this in-

soluble normal phosphate is changt^d to the soluble ^;/v'///f//'y phos-

phate, which is then used as an artificial fertilizer, under the name

of superphosjjhate of lime.

Ca, (POJ, + 2II,S0, =: 2CaS0, +CaH. (PO,),

Calcium Silicate (CaSiOj) is important because it is a con-

stituent of almost all sorts of glass. Alone, it is very hard to

fuse, and tends to become crystalline, but when mixed with potas-

sium silicate, K.SiOj, or sodium silicate, lN'a._,Si0.j, the mass be-

comes fusible at moderate temperature, transparent, amorphous,

and practically insoluble in all ordinary licpiids. This is the com-

mon window glass and bottle glass of commerce. It is made by
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fusincr tojretluT clean sand, lime, and soda. By nsintr lead oxide

instead of lime, we obtain a glass that is softer and more fusible,

but is highly refractive, and takes a beautiful lustre when pol-

ished. It is used for rut ghiss ware.

ACID5.

The three acids most common and important commercially are

sulphuric acid; ILSO^; hydrochloric acid, IK'l; and nitric acid,

HNO,.
Sulphuric Acid is the most important chemical in the arts be-

cause it is the basis of many chemical industries, and its low cost

gives it preference over other acids. It is made from sulphur or

the sulphur in iron pyrites, FeS,. The sulphur is burned to sul-

phur dioxide, SO,; oxygen in the presence of water is added pro-

ducing sulphuric acid. The reactions are:

(1) S + O, = SO,

(2) SO, + O + H,0 = H,SO,

The action of the oxygen of the air on SO, is very slow and

the aid of the oxides of nitrogen is necessary to make the process

a success.

Nitrogen peroxide NO, parts with one atom of oxygen easily

in the presence of SO, and moisture, forming sulphuric acid and

NO gas.

SO, + NO, + H,0 = II,SO, + NO
"When the NO gas thus formed comes in contact with atmos-

pheric oxygen the NO readily takes on an atom of oxygen and is

restored to NO,. Thus the NO, acts as a '"carrier of oxygen." By
a suitable arrangement of absorbing towers these oxides of nitroo-en

are used over and over again.

The manufacture of sulphuric acid takes place in a series of

immense sheet-lead chambers, which may be over one hundred feet

long. The FeS, or sulphur is burned in kilns, and the SO, gas

passes through a tower where it takes up NO gas and moisture.

It then passes into the first chamber where more water is intro-

duced in the form of steam. The sulphuric acid forms at once as

a white mist which gradually settles to the bottom of the chamber.

The process continues in the following chambers and the NO, gas

is absorbed \i\ a tower at the end of the series to be used over again.

The process is continuous. The wsak ^'chamber acid" formed is
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evaporated in lead pans and finally in platinum to form the thick,

heavy, oily liquid commonly called "oil of vitriol." This contains

about 95 per cent of real sulphuric acid, II^SO^.

Sulphuric acid of high strength is now being made by the

contact or "calalitic" process. In this process a mixture of sul-

])hur dioxide, SO^ and air is passed through a heated tube contain-

ing spongy platinum. In some unknown way, the heated platinum

brings the SO^ and the oxygen of the air together forming SO.,

which combines with water making II^SO^. This new process bids

fair to replace the "lead chamber" process.

The sulphates of lead, barium and strontium are insoluble,

and that of calcium only slightly so; other sulphates are soluble.

Hydrochloric acid is made, as is described in the manufacture

of soda ash by the LeBlanc process, by heating common salt with

sulphuric acid. In this country where the LeBlanc process is not

used, the hydrochloric acid is the principal product and the sul-

phate of soda also obtained is the bi-product. The hydrochloric

acid gas, IICl, given off is absorbed by water in earthenware re-

ceivers and towers until the solution ie of a certain strength, when

it is drawn off into glass carboys for sale, making the "muriatic

acid" of commerce. It varies in strength from 36 per cent to 29

per cent real IICl gas. When chemically pure it is colorless, but

the usual commercial acid is colored yellow from a small amount

of iron. All the salts of this acid are very soluble with the ex-

ception of the chloride of silver, one of the chlorides of mercury

and the chloride of lead; this last is soluble in hot water. Hydro-

chloric acid is a better solvent than sulphuric acid for some sub-

stances.

Nitric acid is j)roduced by heating nitrate of soda with suL

phuric acid and condensing the nitric acid driven off in glass Oi-

earthen receivers. The pure acid is colorless, Init the connnercial

acid is frequently colored yellow or red by the oxides of nitrogen.

It is sold in glass bottles or carboys in strength from G7 per cent

to 53 per cent real UNO,. This acid is the best solvent for most

metals because it combines an oxidizing action with its dissolving

properties. It is frequently used in connection \vith the other

acids for this reason. A mixture of three parts hydrochloric

acid and one part nitric acid forms <(qii<( regia, which will dissolve

the noble metals, gold and platinum.
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PASTEDR IN HIS LABORATORY
Pasteur was the First to Develop the Study of Bacteria—the Active Agents in the Spread of

Contagious Diseases and in the Contamination of Water Supplies, and the U.seful Agents m
Sewage Disposal.



BACTERIOLOGY AND
SANITATION

INTRODUCTION

Ours is an age when the people, even of the poorly educated

classes, accept without skepticism or surprise the news of a great

scientific discovery, yet it is barely seventy years ago that the world

received with almost incredulous astonishment the announcement

that "Beer yeast consists of small spherules which have the property

of multiplying and are, therefore, a living and not a dead chemical

substance; that they further appear to belong to the vegetable king-

dom and to be in some manner intimately connected with the process

of fermentation."

When Latour communicated the above observation on yeast to

the Paris Academy of Science, June 12, 1837, the whole scientific

world was taken by storm, so great was the novelty, boldness, and

originality of the conception that these insignificant particles, here-

tofore reckoned as of litde or no account, should be endowed with

functions of such responsibility and importance.

At the time when Latour was sowing the first seeds of this great

gospel of fermentation, started curiously enough and almost simul-

taneously across the Rhine, by Schwaan and Kutzing, its greatest

subsequent apostle and champion, Louis Pasteur, was only a lad of

fifteen, buried in a little town in the j)rovinces of France. Yet some

tliirtv odd years later there was not a country in the whole world where

Pasteur's name was not known and associated with these classical

investigations in fermentation, in the pursuit of which he spent so

many years of his life, and which have proved of such incalculable

benefit to the world of commerce as well as science. He cleared away

the debris of misconception which had so long concealed from view

the vital character of the changes associated with these processes and

started the bacterial ball—if it may so be called—rolling with a will,

Copijright, 1909, by American School of Correspondence.
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Fig. 1. A Modern Compound Microscope.



Fi'' 2 Section of Compound Microscope, Showlne; Path of the Light Rays.

E eve' piece- O, and Oo, achromatic objectives; C, Abbe condenser for concentratmg

theli^ht- M mirror; S. stage on which specimens are placed ; G, specimen on cover glass

for examination; A, coarse adjustment screw for focusing; F. fine adjustment screw.
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and iiiforiiiatioii conccrniiiii; these minute j)artiele.s of liviii<^ matter

was readily gathered up from all direetioii-s.

The recognition so long refused to bacteria was now ungrudg-

ingly given them and it was realized at last that, in the words of ]\I.

Duclaux, "Whenever and wherever there is decomposition of organic

matter, whether it be the case of a weed or an oak, of a worm or a

whale, the work is exclusively performed by infinitely small organ-

isms. They are the important and almost the only agent of universal

hygiene; they clear away more quickly than the dogs of Constantinople

or the wild beasts of the desert what remains of all that has had life

;

they protect the living against the dead. In fact, they do more— for

if there are still living beings, if, since the hundreds of centuries the

world has been inhabited, life continues, it is to them we owe it."

To-day the science of bacteriology has revolutionized our ideas

of disease, has robbed it of its horror, and has taught us the laws of

right living, obedience to which will effectually prevent the spreading,

at least, if not the recurrence, of epidemics of such well-known

maladies as cholera, plague, typhoid fever, and smallpox.

HISTORY OF BACTERIOLOGY

The honor of being the first to see bacteria and identify rouglily

their form undoubtedly belongs to a Dutch lens-maker named Xnn

Leeuwenhoek, who, in the latter part of the seventeenth century,

saw through his microscope "Tiny animals which moved about in

the most amusing fashion," After nearly a century, the Danish

zoologist, Miiller, discovered many structural details, of which his

predecessors had been ignorant, and succeeded in describing so faith-

fully several kinds of bacteria that they can be identified to-day.

However, progress was exceedingly slow and, although Ehrenberg

(1795-187G) did much important work in classifying and naming

some of the principal forms, no great increase in the knowledge of

these invisible organisms was recorded.

The Compound Microscope. The reason for the lack of develop-

ment noted above, which, in the light of subsequent discoveries is

perfectly clear to us, was the imperfection of the tools with which

these men had to work. Bacteriology, being the study of living

things much too small for the naked eye to see, was dependent in

its own development upon the improvement of the compound micro-
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scope, an instrument wliieh had been invented as early as 1050 Init,

owing to its imperfect construction, was incapable of furnishing the

higher magnifying powers which were necessary to make visible the

structure of these minute organisms. Between the period 1815 to

1830, however, the long looked for improvement came and what is

known as the achromatic objective was invented. This attachment

to the microscope, together with improvements in quality and work-

manship of the lenses, not only cleared the microscopic field of dis-

turbing colors due to the dispersion of light, thereby making ex-

tremely high magnifications possible, but also immensely increased

what in lens parlance is known as definition, or detail. Figs. 1 and 2

'V^^*-^

Fig. 3. Favus Culture (man). Pig. 4. Yeast Ftrraent.
(From Kolle & ]Vassermann.) (From. Kolle S: "A'cissermann.)

show' the modern microscope with which magnifications of 3,000 or

more diameters are perfectly possible; Leeuwenhoek probably could

not have obtained over 100. Almost immediately this device bore

fruit in its application to bacteriology. In 1837, an Italian inventor,

Bassi, announced that muscardine, a contagious disease of silkworms

previously not understood, was really due to a parasite. Two years

later a still more startling discovery w-as made by Schoenlein that

favus, a rather rare disease of the human scalp, was also due to a para-

sitic fungus growing at the roots of the hair, P'ig. 3.

Fermentation a Disease. Reference has already l)een made to

a contribution from the botanists to the effect that the whole process

of fermentation was one of growth of micrcvscopic fungi. Figs. 4 and

5. This latter theory of Latour was not accepted without a struggle
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and the powerful opposition of Liebig retarded its acceptance for

some time; but it was finally made clear by the work of Pasteur, be-

tween 1857 and 1SG3 that live yeast is the resd ferment of the alcoholic

fermentation. It could hardly fail to occur to any thoughtful person

])().ssessed of sufficient knowledge of the facts, that if this theory were

true for certain diseases of wine and beer it might well be true for cer-

tain diseases of animals because of the great similarity in the steps

by which the diseases progress in their respective surroundings.

As an illustration it might be well to take the fermentation of apple

Fig. 5. A Yeast Garden.

juice, or cider, and smallpox. To begin with the apple, its skin pro-

tects the flesh of the apple from contamination by the air. On this

being removed, however, and the juice pressed out, it is at once ex-

j)osed to air, to dust, to the press and the sides of the vessel which

contains it. At first the juice is sweet and unfermented but after a

time the well-known change takes place during which the cider be-

comes, as is said, liard. This process is called working or the active

fermentation of the cider, and is accompanied by a slight rise in tem-

perature. It is also well known that gas is given off by the cider and

the sugar is replaced by alcohol; for this reason the whole process is

called alcoholic fermentation. This fermentation is not indefinitely

prolonged but after a certain time all action ceases and the liquid
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assumes a permanent state. Since the work of Louis Pasteur, it is

known that what really happened during this process was first, the

seeding of the apple juice by wild yeast; second, the slow growth

during a period of quiet; third, its active growth and working during

the time of greatest fermentation; and fourth, the gradual disappear-

ance of all activity.

To turn to the case of smallpox the process is as follows: A
patient who is peculiarly susceptible must be exposed to the disease

either by contact with a person already infected, or by clothing,

letters, or food which have been handled by such a person. After

such an exposure there is a period during which no change takes place,

but soon the disease begins to show itself by the appearance of cer-

tain symptoms which have become well known to physicians. A
little later headache and other troubles appear and the patient be-

comes seriously ill. A rise of temperature, or fever, is discovered,

and eruption and other marks of smallpox appear. This process

continues until the crisis is reached, when if death does not supervene,

recovery slowly ensues, the patient gradually becoming free from the

disease. The patient who recovers is now immune from further

recurrence of this malady. In other words, just as the cider is sus-

ceptible only once to alcoholic fermentation so the smallpox patient

is incapable of a second attack of the disease. A study of the prog-

ress in these two illustrations will show the striking similaritv.

Pasteur and the Silkw orm Disease. Pasteur who had so largely

contributed to the understanding of this microscopic development in

the case of yeasts, was destined to show the accuracy of the parallel

between fermentation and disease, which has just been given, in a

very startling way. As has been said, his investigations were up to

18G3 confined to the study of beer and wine fermentation. In 1865

he responded to an urgent call from the French government to studv

the famous silkworm disease. Inasmuch as the successful solution

of this disease was a great factor in establishing bacteriology as a

true science, the admirable report of Pasteur's son-in-law, M. V.

Radot*, is given in brief, as follows:

"The life of the population of certain departments in the South

of France hangs on the existence of silkworms. Fig. 6. In each

Reprint from ' Louis Pasteur: His Life and Labors." by permission of D Apple-
ton and Company.
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house there is nothing to be seen l)ut hurdles, over which the worms

crawl. They are placed even in the kitchens, and often in well-to-do

families they occupy the best rooms. In the largest cultivations,

regular stages of these hurdles are raised one above the other, in im-

mense sheds, under roofs of disjointed tiles, where thousands and

thousands of silkworms crawl upon the litters, which they have the

instinct never to leave, (ireat or small, the silkworm-rearing establish-

ments exist every-

where. When peo-

ple * accost each

other, instead of

saying, 'How are

you?' they say

'How are the silk-

worms?' In the

night they get up

to feed them or to

keep up around

them^ "a suitable

temperature. And

then what anxiety

is felt at the least

change of weather

!

Will not the mul-

berry leaves be

wet? Will the

worms digest well?

Digestion is a mat-

ter of great impor-

tance to the health

of the worms, which do nothing all their lives but eat! Their appetites

become especially insatiable during the last days of rearing. All the

world is then astir, day and night. Sacks of leaves are incessantly

brought in and spread out on the litters. Fig. 7. Sometimes the

noise of the worms nuuiching these leaves resembles that of rain falling

upon thick bushes. With what impatience is the moment waited for

when the worms arrive at the last moulting! Their l)odies swollen

with silk,, they mount upon the brambles prepared for them, where

Fig. 6. The Silkworm In Various Stages of Development,
its Cocoons and the Finished Silk.
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they shut themselves iij) iti their golden prisons and become chrysalides.

Fig. 8. What days of rejoicing are those in which the cocoons are

gathered; when, to use tlie words of Olivier de Serres, the silk

harvest is garnered in! . . .

"In the epidemic which ravaged the silkworm nurseries in 1840,

the symptoms were numerous and changeable. Sometimes the dis-

ease exhibited itself immediately. Many of the eggs were sterile, or

the worms died during the first days of their existence. Often the

hatching was excellent, and the worms arrived at the first moulting,

but that moulting was a failure. A great number of the worms
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and even to the fourth mouUing, the uniform size and the health of

the worms leaving nothing to be desired; but after the fourth moult-

ing, the alarm of the husbandman began. The worms did not turn

Fig. 8. Silkworms Feeding upou the Leaves of the Mulberry Tree, Their Favorite Food.

white, thcv retained a rusty tint, their appetite diminished, they

even turned away from the leaves whieh were offered to th(Mn. Spot.s

appeared on their bodies, black bruises irregularly scattered over
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the head, the rin<i;s, the false feet, and the spur. Here and there

dead worms were to be seen. On hfting the Utter, numbers of corpses

would be found. Every batch attacked was a lost batch. In 1850

and 1851 there were renewed failures. Some cultivators attributed

these accidents to bad eggs, and got their supplies from abroad.

"At lirst everything went as well as could be wished. The year

1853, in which many of these eggs were reared in France, was one of

the most productive of this century. As many as twenty-six millions

of kilogrammes (about 28,500 tons) of cocoons were collected, which

produced a revenue of 130,000,000 francs. But the year following,

when the eggs produced by the moths of these fine crops of foreign

origin were tried, a singular degeneracy was immediately recognized.

The eggs were of no more value than the French eggs. It was, in

fact, a struggle with an epidemic. How was it to be arrested? Would

it be always necessary to have recourse to foreign seed? And what

if the epidemic spread into Italy, Spain, and the other silk-cultiva-

ting countries?

"The thing dreaded came to pass. The plague spread; Spain

and Italy were smitten. It became necessary to seek for eggs in the

Islands of the Archipelago, in Greece, or in Turkey. These eggs,

at first very good, became infected in their turn in their native coun-

try; the epidemic had spread even to that distance. The eggs were

then procured from Syria and the provinces of the Caucasus. The

plague followed the trade in the eggs. In 1864, all the cultivations,

from whatever corner of Europe they came, were either diseased or

suspected of being so. In the extreme East, Japan alone still remained

healthy.

"Agricultural societies, governments, all the world, were pre-

occupied with this scourge and its invading march. It was said to

be some malady like cholera which attacked the silkworms. Hun-

dreds of pamphlets were published each year. The most foolish

remedies were proposed, as quite infallible—from flowers of sulphur,

cinders, and soot spread over the worms, or over the leaves of the

mulberry, to gaseous fumigations of chlorine, of tar, and of sul-

phurous acid. Wine, rum, absinthe, were prescribed for the worms,

and after the absinthe it was advised to try creosote and nitrate of

silver. In 1863 the Minister of Agriculture signed an agreement with

an Italian who had offered for purchase a process destined to combat
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the disease of the silkworms, by which he, the Minister, engaged

himself, in case the efficacy of the remetly was established, to pay

r)()(),()()() francs as an indemnity to the Italian silk cultivator. Ex-

periments were instituted in twelve departments, but without any

fiivorable result. In 1865, the weight of the cocoons had fallen to

four million kilogrammes. This entailed a loss of 100,000,000 francs.

"The Senate was assailed by a despairing petition signed by

thirty-six hundred mayors, municipal councillors, and capitalists of

the silk-cultivating departments. The great scientific authority of

]\I. Dumas, his knowledge of silk husbandry, his sympathy for one

of the departments most severely smitten, the Gard, his own native

place, all contributed to cause him to be nominated Reporter oj the

Commission. While drawing up his report, the idea occurred to him

of trying to persuade Pasteur to undertake researches as to the best

means of combating the epidemic.

'Tasteur at first declined this offer. It was at the moment when

the results of his investigations on organized ferments opened to him

a wide career; it was at the time when, as an application of his latest

studies, he had just recognized the true theory of the manufacture of

vinegar, and had discovered the cause of the diseases of wines; it was,

in short, at the moment when, after having thrown light upon the

question of spontaneous generation, the infinitely little appeared

infinitely great. He saw living ferments present everywhere, whether

as agents of decomposition employed to render back to the atmos-

phere all that had lived, or as direct authors of contagious diseases.

And now it was proposed to him to quit this path, where his footing

was sure, which offered him an unlimited horizon in all directions, to

enter on an unknown road, perhaps without an outlet. Might he not

expose himself to the loss of months, perhaps of years, in barren efforts?

"M. Dumas insisted. T attach,' said he to his old pupil, now

become his colleague and his friend, 'an extreme value to your fixing

your attention upon the question which interests my poor country.

Its misery is beyond anything that you can imagine.'

" 'But consider,' said Pasteur, 'that I have never handled a silk-

worm.'
" 'So much the better,' replied M. Dumas. 'If you know nothing

about the subject, you will have no other ideas than those which come

to you from your own observations.'
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"Pasteur allowed liimsclf (()!)(' jHTsiiadcd . . and on June

6, 1805, started for Alais. The einc^tion he felt on the aetual sj^ot

where the plague raged in all its force, in the presence of a problem

re(|uiring solution, caused him at once to forget the sacrifices he had

made in quitting his lal)oratory at the Ecole Normale. He deter-

mined not to return to Paris until he had exhausted all the subjects

requiring study, and had triumphed over the plague.

"One of the most recent and the most comprehensive memoirs

upon the terrible epidemic had been presented to the Academy of

Sciences by M. de Quatrefages. One paragraph of this paper had

forcibly struck Pasteur. M. de Quatrefages related that some Italian

naturalists . . . had discovered in the worms and moths of the

silkworm minute corpuscles visible only with the microscope.

This instrument had already rendered such services to Pasteur in his

delicate experiments on ferments that he was fascinated by the

thought of resuming it again as an instrument of research. . . .

"In a few hours after his arrival he had already proved the

presence of corpuscles in certain worms, and was able to show them

to the President and several members of the Agricultural Committee,

who had never seen them. ..."
"It was necessary to know if there existed the relation of cause

and effect between the corpuscles and the disease. This was the

great point to be elucidated.

"One of the first cares of Pasteur was to settle the question as

to the contagion of the disease. Many hypotheses had been formed re-

garding this contagion, but few experiments had been made, and none

of them were decisive. Opinions, also, were very much divided. . .

"But whatever the divergences of opinion might be, every one,

at all events, believed in the existence of a poisonous medium ren-

dered epidemic by some occult influence. Pasteur soon succeedetl,

by accurate experiments, in proving absolutely that the evil was con-

tagious. . . . All the disasters that were known to have hap-

pened in the silkworm nurseries, their extent, and their varied forms

were faithfully reproduced. Pasteur created at will any required

manifestation of the disease. . .

"For five years Pasteur returned annually for some months to

Alais. The little house nestling among the trees, called Poiii-Cuiskef,

became at the time his habitation and his silkworm nurserv.
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"All of the obscurity which enveloped the origin of the diseases

of silkworms had now been dispelled. Pasteur had arrived at such

accurate knowledge both of the causes of the evil and their different

manifestations that he was able to produce at will either of the two

important characteristic diseases. He could so regulate the inten-

sity of the disease as to cause it to appear on a given day, almost at a

given hour ... to triumph over the disease called pebrine

which was so threaten-

ing, Pasteur devised a

series of observations

as simple as they were

ingenious . . . this

process of securingsound

eggs is now universally

adopted. . .

"But if Pasteur

brought back wealth to

ruined countries, if he

had returned to Paris

happy in the victory he

had earned, he had also

luidergone such fatigues

and had so overdrawn

himself in the use of the

microscope while ab-

sorbed in his daily and

varied experiments, that

in October,. 1SG8, he

was struck with paraly-

sis of one side. See-

ing, as he thought, death approaching, he dictated to his wife a

last note on the studies which he had so much at heart. This note

was communicated to the Academy of Science eight days after this

terrible trial.

"A soul like his possessing so great a mastery over the body

ended by triumphing over the affliction. Paralyzed on the left side,

Pasteur never recovered the use of iiis limbs, and to this day (1884),

sixteen years after the attack, he limps like a wounded man."

Fig. 9. Examining a Drop of Liquid to Prove the
Prfsem-e of Disease Germs.
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Antiseptic Surgery. When the news of Pasteur's discovery

reached London, Lord Lister, already an eminent surgeon of Edin-

burgii, became convinced that the many diseases of wounds which

so often result seriously to the patient, were infections and if so must

be preventable by proper precautions. Accordingly, he set to work

to develop methods along the lines suggested by these discoveries,

and by the use of antiseptic dressings, sprays, and sterilized instru-

ments, he was enabled to bring about such a change in surgical

methods that these precautions have become the standard methods

in surgery since that time. Operations formerly dreaded are now
done with perfect assurance and constant success. Operatint=' rooms

and hospitals are built with the one idea of exclusion or control of

the micro-organisms which are the principal enemies of the patient

and the surgeon.

Liquid Cultures. The great value of Pasteur's work, aside from

the immediate theoretical results which he obtained, lay in his estab-

lishment of the method of growing the bacteria which he was study-

ing and his emphasis of the importance of having these cultures pure.

He was, it is true, compelled to use what is known as liquid cultiva-

tion, that is, the use of a liquid food such as beef broth, on which the

bacteria could feed and multiply. Nevertheless, by a long process,

he was able to obtain cultures _
which were fairly pure. Pasteur,

therefore, has earned the right to

be called the founder of bacteriol-

ogy. It remained, however, for

llobert Koch to {-stablish bacteri-

ology as a science; and it is to

this noted scientist that the tre-

mendous development in bacte-

riology during the last twenty-

five years is due.

Koch's first contribution was
ti . „ "i* e i\ i ii !• Fig. 10. Anthrax Bacilli in Spleen,
tlie positive proot that the disease /wr.,r, i^^n. ^. ir ^f I {brom KoUe dt \y assermann.)

of cattle and sheep and horses,

called anthrax, was bacterial in its nature, and also that the bac-

teria are the cause and not the consequence of the disease itself, a

point which up to this time had been very much in doubt. On
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Kobert Koch, Who Made liiicteri^logy ii S»:ieucc.
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examining (lie bodies of cattle dead ol' anthrax, Koeli found, \>y

mieroseopie examination, Fi;v. i), small rods or sticks, Fig. 10,

in (lie blood and other organs. lie transferred a small amount

of hlood or other tissue, charged with these mysterious rods,

to a comj)aratively large portion of the liquid which constitutes the

a(jueous humor of the ox's eye. This latter was to be the medium

upon wliich the })acteria were to grow. After a few days or even

hours the rods had multiplied enormously, while the tissue which

was carried over with them was not increased in the least. By

successive transfers of this infected portion of the medium to other

Fig. 11. Typical Solid Cultures.
(From Gunther.)

portions of uninfected licjuid, Koch was at last able to obtain what

would be called a pure culture, in which none but living organisms

remain and, in fact, in which probably none of the parent organisms

existed. Koch reasoned that, if these bacilli were the active agents

in the production of the disease of anthrax, and could be placed in the

system of a perfectly healthy animal, they would induce an attack of

the disease in this new subject. He, therefore, proceeded to inoculate

healthy animals with his pure cultures with the result that they

promptly manifested symptoms of the disease and died.

Robert Koch and Solid Cultures. This result gave to the study

of bacteriology a tremendous stimulus and from 1875, the date of

Koch's discovery, until 1881, the progress was brilliant if slow. At

the latter date Koch made another discovery which hastened further

development most wonderfully. The difficulty with the liquid
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cultures, aside from the skill necessary to obtain by repeated transfer

of the infected material a comparatively pure culture, has been that

the bacteria as they developed could move from one part of the liquid

to another and gather in groups or colonies. As a consequence, if

different varieties of bacteria were present, their colonies would soon

Fig. 13. Human Tuberculosis Bacilli (from
lung).

(From KoUe & Wassermann.)

Fig. 13. Asiatic ciiolei-a Colony.
(From A^o//t it Wassermann.)

^*
\^

r
Fig. 15. Typhoid Bacillus (with flagella).

{¥vom Kiille. it Wassermann.)

Fig. 14. Diphtheria Bacilli.

(From Gunther.)

l)ecome mixed and any particular

variety could not be .separated.

In 1881, Koch hit upon a plan of

using .sW/f/ cultures, Fig. 11. By

thickening the beef broth or other

liquid medium while hot with

gelatine or agar, the medium on cooling became a soft moist jelly

capable of being melted wiUi a gende heat and solidifying at room

temperature. It will be apparent on a moment's thought that this

method would simplify the growing of proper cultures immensely,

as the medium would become solid before the bacteria had started
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their active growth. Each organism would then be surrounded
bv its own food, which was at the same time its house, in which it

could multiply, but without being able to scatter its progeny to other
parts of the medium. After a certain period of growth these colonies

would be visible to the naked eye in a tube containing such a culture

and at any time a portion of the medium could be removed and the

bacteria studied under ihe microscope. P>om the date of this dis-

covery bacteriology as a science developed by leaps and bounds. One
year after his method oLwlid cultures was devised, Koch announced
the discovery of the micro-organism of tuberculosis, Fig. 12. In the

following year he added to the list the bacillus of Asiatic cholera, a
colony of which is shown in Fig. 13 (see also Fig. 36), and the follow-

ing two years witnessed the discovery of a number of important
bacteria including the diphtheria bacillus by Klebs, Fig. 14; the

tetanus or lock-jaw organism by Xicolaier; and a more definite

knowledge through Gaffky of the bac-illus of typhoid fever, Fig. 15,

which had been discovered in 1880, by Eberth under the old method
of liquid cultures.

To-day, scattered throughout the civilized world, are bacteriologi-

cal laboratories, filled with the necessary apparatus and manned by
a corps of skilled research men and technical assistants who are

searching for further knowledge in regard to the already known
organisms and the discovery of the few which still resist their pains-

taking search. Every up-to-date medical man knows his bacteriology

and can by its help detect each of the well-known diseases which
used to be such a menace to humn life, can watch its progress by means
of these analyses, and in a great number of cases bring about a cure.

Surgeons and hospital experts have developed antiseptic surgery

to such a degree that infections from operations have been reduced

to cases of only the grossest carelessness. Every civilized nation is

making large appropriations for work along bacteriological and
sanitary lines, the benefits from which have shown themselves, for

,
example, in the lack of the diseases characteristic of military camps
and batdefields during times of war. The Japanese operations dur-

ing the recent war with Russia, and the tremendous improvements in

sanitary conditions in Havana and Panama, all contribute their

testimony to the efficacy of the methods evolved through the aid of

this wonderful science.
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CLASSIFICATION OF BACTERIAL FORMS

It would be iicitluT possible nor (Icsirablc in tliis short sketch

to fjive any details re<i;ar(hn(i; the structure or mode of development

of bacterial forms. The number and variety are so great that their

classification resembles in its complexity that of our visible forms

in the vegetable kingdom and would lead into discussions not

pertinent to the subject of sanitation. However, it is perhaps

desirable to gain a general view of the characteristics which are

made use of by the bacteriologist in keeping track of his very large

and constantly increasing family. AMien classed according to form,

they drop with greater or less facilit}' into three groups known as

the rod form or bdciHus, the hall form or coccus, and the spiral

form or spirillum, as illustrated by Figs. l(j, 17, and 18. This

ufeW"^

Fig. 16. Rod Form fBactllus). Pig- 17. Ball FornWCoorus).

( From A'o/Z« ffc Wassermann.) (From A''/'/'d- Wdnxenmuin.)

cla.ssification was much used in the early development of the

science as evidenced by the names given to the various forms such

a^, bacillus typhosus and streptococcus. Of course, it must not be

imagined that a bacteriologist of to-day would make use of this

classification alone in identifying any particular bacteria for which

he was searching. Many delicate tests are in his possession which

include acid reactions, the effect of the bacteria upon difTerent stains

and upon different animals, the presence of motor apparatus (fla-

gella). Fig. 15, and a multitude of other tests, the knowledge of

which belongs to the technic of bacteriology.

A cla.ssification which is an important one in many wavs, is based

upon the ability of the bacteria to sustain life with or without o.xygen,
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namely, aeruhic and anaerobic. This classification becomes rather

important, in understanding for example, the bacterial action in the

intermittent filter, which will be discussed later. The reason for this

^ . ,. lies in the fact that, whereas some

of the destructive work in sewage

^
" is performed l)y the anaerobic

^ifY" variety, a very important part is

-y^^ X. J- performed by the class of bacteria

r^l/i^ r '^/^^ which need air in order to perform

5 f SJ their functions, therefore, neces-

\
, \ \

\r>

sitating an intermittent flow of

» c^ sewage.

^ Still another classification of

^-^ ^ bacteria which will beappreciated

„. ,„ ^ V , J
^*"'

.. bv the layman, divides our numer-
Pig. 18. Spiral Form (Spirillum).

(From Koiied: Wassermann.) ousmicro-organismsinto/«or/»/f'.s'.s-

and h armful hsLCteri'd—a classification, however, which is not always

definite because of the fact that a bacterium often gives markedly

different reactions in different animals. For example, the bacillus

of typhoid fever, when swallowed by man, will nearly always produce

serious and fatal illness, but when fed to cattle will produce no effect.

Fortunately for man the number in the first class very much exceeds

that in the second; and there is a further comforting thought that

notwithstanding the few black .sheep in the flock, the great majority

are working for our good, in fact, are the principal factors in making

this world a habitable one.

Useful Bacteria. Notwithstanding the fact that the ultimate

purpose of this paper is to give a general knowledge of the forms which

are dangerous to man, and which must be guarded against by proper

sanitary methods, a few words in passing regarding useful bacteria will

not be amiss.

To quote from Elliott's Household Bacteriology: "As soon as

an organism begins to live it begins to die; that is, certain cells or

parts of cells die and are cast off from the rest, in order that the whole

body may not be injured. Animals and plants die and become dan-

gerous to animal life, especially to man; in fact, the wastes of life,

even of his own, are man's greatest menace. Here comes to his aid
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these microscopic scavengers, the bacteria. Through their agencv

all dead animal and vegetable matter is changed into the chemical

compounds or elements of which it was originally constructed and

which are themselves

either harmless or help-

ful to the life of the

world."

A tree falls in the

woods, an animal dies

in the jungle; immedi-

ately come millions of

bacteria from the soil and

the air and so modify the

dead tissue that it be-

comes harmless and its

useful ingredients are re-

turned to earth.

Nitrifying Bacteria.

Again, all animal life is

dependent directly or in-

directly upon the vege-

table kingdom for food,

while plants use as their

foods, gases, water, and the various salts which are held in solu-

tion by the moisture in the earth. One of the most important

elements necessary for plant life is nitrogen, a substance which the

plant is unable to extract directly from the air but must obtain through

the soil. This results in the soil becoming impoverished by this

continuous demand for nitrogen, until the use of fertilizers is neces-

sary to bring the supply back to normal. It had long been noticed,

"however, that the soil when allowed to rest for a period would of

itself, apparently, increase its nitrogen supply. This actionv is now
known to be due entirely to the soil bacteria which have, by their

ceaseless action upon the nitrogen of the air, drawn a part of this in-

exhaustible supply into the ground in such a form that it can be made
use of by the plants. This fact has resulted, in recent years, in the

practice of inoculating an exhausted soil with artificially grown

bacteria, a method, however, which has had onlv indifferent success,

Fig. 19. Roots of Sweet Pea Showing Nodules.

290



BACTERIOLOGY AND SANITATION 23

owint;, no (loul)t, to a failure to understand all the conditions of the

problem.

Another fact, long known in agricultural circles, hut until re-

cently not understood, has been explained by means of these nitrifyiiu/

bacteria, viz, the fertilizing eflpect of peas, beans, clover, etc.. Figs. 1

and 20. These belong to a class of cro{)s which does not impcnerish

the soil but rather increases its richness in nitrogen. It has been found

Fig. 20. Cells of Clover Tiibercule, Showing Bacilli Highly Magnified.

by experiment that these plants have attached to their roots, nodules

or lumps, containing large colonies of these useful bacteria which

are storing up. nitrogen from the air. The plant, by a process not

understood, is able to draw upon these stores to build up its own

tissues and so when this greoi manure is plowed under the soil the

nitrates which it contains increase the fertility of the earth.

Other Useful Forms. There are many other forms of useful

bacteria and only a few can even be mentioned in passing. The

tanning of hides involves the treatment of the leather in .several fer-
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mentation baths, in all of which bacteria are the active agents of

fermentation. There are also certain bacterial forms which are active

in the formation of indigo, in the ratting of flax, in tobacco curing,

butter and cheese making, etc.

"It is seen, therefore, that just as among the hundreds of beauti-

ful flowers in the woods and fields there is the poison dogwood; or

among the luscious mushrooms there is one deadly variety; or in the

large city among the useful law-abiding citizens, there is an occasional

thief or murderer; so among the millions of helpful bacteria there are a

few which will act harmfully upon the bodies of man and animals."

It is undoubtedly true that the study of the helpful forms has done

as much to broaden man's understanding and widen the field of his

industrial pursuits as the knowledge of the virulent forms has been

of service in enabling him to control their operations and prevent

great loss of life.

PREVENTION OR CONTROL OF BACTERIA IN THE
HUMAN BODY

Toxins. All that has so far been said in regard to bacteria and

their action in diseases does not give any idea of the form which this

harmful action may take. There are at least three ways in \\'hi(h

their influence may be felt; first, by the obstruction produced in the

system by the presence of the organisms themselves; second, by the

robbery of food which should otherwise have gone to the body itself;

and third, by the formation of substances harmful to the body and,

therefore, classed as essentially poisonous. For some time the first

two of these possibilities only were considered, but soon after, by the

active work of Koch and others, the effects of the bacteria in tlie

systems of such susceptible animals as the guinea pig and rabbit, Fig.

21, were carefully studied and the fact was made clear that the third

method of influence was the essential one in the operation and growth

of disease. It is now universally recognized that the principal method

by which the bacteria produce their harmful cfTects is in the genera-

tion of poisonous products called toxins, resulting from the operation

of living ferments within or upon the organism. In the process of

fermentation of apple juice the toxin is alcohol, while in the develop-

ment of the various contagious diseases, each microbe produces its

own toxic substance which must be understood and treated accord-
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in^ to its characteristics. In other words, as yeast produces alcohol,

so the diphtheria bacillus produces diphtheriatoxin, the typhoid

fever bacillus, typhotoxin, and so on.

Vital Resistance and Susceptibility. If the presence of these

deadly bacteria in a human organ, for example, is granted, then their

activity in new surroun(Hngs depends upon whether the soil is to their

liking and whether only feel)le efforts are put forth to combat them.

Nature has provided the body of the average man with a vital resistance

to disease, that is, a power to withstand the ordinary attacks of these

invading hosts. When the resistance is particularly low the body is

called susceptible. It thus comes to pass that in any contagious disease

the energy and virulence of the attacking agents are pitted against the

resistance of the patient and a struggle ensues for the mastery. The

active control of the sanitary situation, therefore, involves on the

one hand, such control of the environment of these active agents of

disease that their attacks may be weakened; and on the other hand,

such improvement in the general health of the community that the

body resistance may be sufficient to withstand attack. The general

public is very apt to consider only the violent epidemics which are

due to some violation of sanitary laws, and the methods necessary

to arrest the progress of the disease, disregarding entirely the slow but

ultimately beneficial effects of fresh air, cleanliness, and the many

other sanitary precautions which bring about a more healthful condi-

tion and a higher body resistance. And yet, when it is remembered

that the great epidemics come seldom, affect a small number only,

and pass quickly, while filth and bad air act unfavorably on a much

larger number and are always present, keeping the people constantly

weakened and open to the attack of disease, the latter problem would

seem to be at least equally important. It is certainly true that the

improvement in general public health rendtM's the occurrence of epi-

demics less frequent and widespread ; hence the chief work of sanitation

is in the careful supervision of man's surroundings and the improve-

ment in the habits of those who otherwise would be oblivious to their

personal responsibility in the life of the community.

Immunity. When the vital resistance, through either a perfect

constitution or exceptional surroundings, becomes abnormally high

so that all forms of disease can be thrown off without harmful effect,

the organism is said to be immune. This subject of immunity is
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,
one of great importance but is by no means understood. It is,

nevertheless, well known that, in addition to a comparative immunity

against infectious diseases which is found in all robust and healthy

persons, an astonishing immunity is developed in a body in which a

contagious disease has done its work. In the first case several natural

agencies might contribute to the routing of the microbes, among

which might be mentioned the skin as a mechanical defense, and the

gastric and other juices of the body as among the physiological de-

fenses. Of the latter class, might also be mentioned the white blood

corpuscles or phagocytes, which, according to ^Nletchinkoff, besides

acting as degesting cells and as scavengers, are also the chief defenders

of the body against the bacteria which have invaded the system.

"As soon as the infective agents have penetrated into the body, a whole

army of white blood corpuscles proceed toward the menaced spot,

Fig. 22, there to enter into a struggle with the micro-organisms."

FiK. 23. A Pictorial Combat between Phagocytes and Bacteria.

1, 3, 3, show entry and repulse of the bacterium. 3, 4, 5, represent a triumph for

the bacteria.

This natural immunity, or more properly, resistance, is not as

perfect as that which is given to the body through the mysterious

influence of disease itself. However, bacteriologists, by following

the lead which this phenomenon has given them, have discovered

methods by which an artificial immunity may be developed.

Artificial Immunity. The first systematic step toward this

artificial immunity from disease was taken in the case of smallpox.

The work took the form of the inoculation of some matter, obtained
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from eruptions on the body of a smallpox patient, under the skin of a

hcaltliv person wlio chose to suffer a mild form of the disease when

well, rather than undergo it in more virulent form and possibly suc-

cumb when the l)ody resistance was low. This method had come to

Constantinople from the far East, possibly originating with the

Chinese, and was first introduced into England in 1717, through the

agency of Lady Montagu, the wife of the British Ambassador.

Through her correspondence with influential persons in England

the method was adopted there, and later in America. To us of this

day it is hard to conceive of the terril)le ravages of this disease even

as late as the middle of the eighteenth century. A writer. Dr. Brooke,

in 17GG, made the statement that 'Tn the ordinary course and duration

of human life scarce one in a thousand escapes the smallpox." It

would be easy to multiply authoritative statements of the prevalence

of the disease, and yet by this simple process of inoculation, and

later l)y the equally efficient but less violent method of vaccination,

the disease has become rare in about the same proportion as it was

frequent in the days before these preventive methods were inaugu-

rated.

Vaccination. The method of vaccination to prevent smallpox

was discovered by Dr. -Tenner in 1796. Of course, he knew nothing

at that time in regard to the bacterial nature of the disease, and if he

could listen to-day to our up-to-date talk about bacteria, microbes,

toxins, and antitoxins, lie would not understand a word of it; l)ut,

nevertheless, he l)la/,ed the trail which led, through artificial inunu-

nity, to the salvation of man from one of the most dreaded scourges

to which he was subject. It was known in -Tenner's time that persons

who milked cows having sores on their udders'" due to an infection

called roirpo.T, often showed symptoms of the same disease through

the a])]H'arance of sores upon their hands. These soon healed after

a slight illness, and it was later noticed that such persons were nearly,

ii' not wholly, iuHnune (o the disease of sniallj)ox. Dr. -Icnnei" studied

this carefully and reached the conclusion that if a person were inocu-

lated with a small portion of the material taken from a cow infected

with cowpox, this would ])r()duce an (>ffect similar to that obtained

thi'ough the process which had already been practiced, of inoculation

with matter from a human sniall])()\' j)atient. After many exj)eriments,

his conclusions were completely verified, and now large and carefully
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managed e.stal)li.shinents are devoted to the preparation of virus, as

it is called, which can be used in vaccination. By the latter process

the susceptibility is reduced to a minimum, but the protection wears

off as time passes and re-vaccination is necessary. The present agita-

tion in many localities in regard to anti-vaccination shows how little

the general public knows of this disease and the terrible dread which

it caused before the preventive methods were discovered. It is

cuiious to see to what extent persons who, of their own free will, or

on the advice of their

physicians, cheerful-

ly and even eagerly

swallow medicines of

unknown, possibly

deadly, character,

will refuse to obey

their medical advis-

ors when they recom-

mend vaccination.

It is quite true that

some of the agita-

tion against vaccina-

tion has been caused

by impure virus and

careless methods of a<huiiiist(M-iiig it; but even under these conditions,

the gain is so tremendous that tiieir criticisms seem idle and irrelvant.

Antitoxins. Another method of producing artificial immunity

was discovered, in 1892, by Behring and Kitasato in their work on

diphtheria. It was discovered by them that the serum—the Ii(juid

portion of blood aitvr the coagulum has been removed—from an

animal which had been made immune to the poison of diphtheria

was able, even in a test tube, to neutralize or impair the virulence of

this same poison (m- toxin ; and further, that the serum from an animal

which was not immune was not able to do this. Clearly then, sub-

stances exist in the serum from an immune animal which were not

there before the animal was made immune and our present theory

of inununity rests upon this fact. The process of making a body

inunune according to the serum theory may be described according

to Dr. William Sedgewick as follows:

Fig. 35. Sterilized Bottles Full of Blood.
The dark portion sliow.s where the red blood corpn.scles

have settled out, leaving the plasma at the top,
from which the serum is obtained.
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"The microbe, or its toxin, irritates the cells of its host. These

produce defensive secretions or antitoxins which tend to neutralize

the poison or to diminish the activity of the bacillus, or both. If

victorv is assumed for the cells the condition of temporary immunity

or convalescence is found. Victorv for the microbe means continued

Fig. 26. Autopsy onduinea Pig. to
Discover ElTect of Diphtheria Germs
aud Recovery Due to Antitoxin.

Fig. 37. Fillers L>ed f'>v Filtering the Plasma.

disease or death, as shown in Fig.

22. If it may be assumed that

the cells of the body continue to

secrete more or less of this pre-

ventive substance or that they re-

main for a long time peculiarly

sensitive to even minute doses of

the toxin in question, the persist-

ence of more or less immunity

can be understood." It is quite

possible that the white blood cor-

puscles are the active agents in

producing this defensive secretion.

The methods for the production of the antitoxin serum for diph-

theria have been carefuHy developed. First a pure culture of the

Fig. 28. Pneumonia Streptococcus Cul-
ture One Day Old.

(From Kolle d- Wass&r/nann.)
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(lij)litlK'ria bacillus is obtained and a small portion of the infected

fluid is injected under the skin of a horse, Fig. 23. The animal con-

tracts the disease in a mild form and soon recovers. These injections

are continued at intervals until the horse no longer shows any effects.

The animal is now immune and when blood is drawn from it, Fig.

24, and properly treated to allow the red

corpuscles to settle out, Fig. 25, the serum

from this blood is found to contain the re-

quired antitoxin. The effect of this is usu-

ally studied by the inoculation of the guinea

Fig. 30. Streptococci Found in Pus.
(Prom Kolle <f- Wasset-mann.)

pig with diphtheria germs, and a further in-

oculation of the preventing serum. An
autop.sy, as shown in Fig. 20, reveals the

action of the toxins and antitoxins. This

Fig 29. Tetanus (look.i:iw> scrum is carcfuUv filtered tlirouo-li )>orus
Hiuterial Culture Tlircf ^ f^ i

(FTom Kouf^hwassermann.) ^'ups, as showu iu Fig. 27, and then injected

into patients actually ill with diphtheria as a

reinforcing medicine, or into persons exposed to the disease. This

method has brought about a reduction of over one-half of the deaths

from this di.sease.

As soon as this antitoxin was discovered for diphtheria, all eager

experimenters turned their attention to other di.seases with the idea

that similar sera could be discovered for pneumonia. Fig. 28, tuber-

culosis, plague, typhoid fever, cholera, and blood-poi.soning. At
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the present date, however, few of these infectious bacteria have been

brought into captivity. Antitoxic sera for tetanus (lock-jaw), caused

by till' bacillus shown in Fig. 29, and .some forms of blood-poisoning.

Fig. ."^0, have been tried with fair success, but for the most part, efforts

have failed. With the knowledge already obtained from bacteriological

study, however, sanitary methods have been developed which

effectually control typhoid and cholera epidemics, while the fresh air

treatmciif and the use of Koch's tuberculin in various forms are im-

|)roving the hold of physicians upon the ravages of tuberculosis.

The facts given in the foregoing summary represent naturally

an extremely brief presentation of the essential points in the develop-

ment of the study of bacteriology but they will suffice to emphasize

and make clear the reasons for the preventive methods of sanitation of

the present day. It is enough for us to know that none of the infec-

tiou.s diseases are now believed to rise spontaneously but only more or

less directly from previous cases of the same disease. It is believed

that in every instance there must be an actual invasion of, or at least

contact with, a susceptible patient by the micro-organism of the dis-

ea.se in question. Once inside or upon the patient the organisms

may grow and multiply, producing at the same time their ov/n peculiar

poisons preci.sely as yeast—in wine, beer, or other fruit juices—pro-

duces alcohol as one outcome of its peculiar vital activity. The

effects produced in the person are believed to V)e due to the specific

poisons of which he may die, or from which he may recover and

thereby become immune.

THE PROBLEMS OF SANITATION

*"Twenty-five years ago Mr. Frederic Harrison, writing of the

nineteenth century, gave us this picture of London, the largest city

of the modern world, and, indeed, of all time.

To bury Middlesex and Surrey under miles of flimsy houses; to crowd into

them millions and millions of over-worked, under-fed, half-taught, and often

squalid men and women; to turn the silver Thames into the biggest sewer

recorded in history; to leave us all to drink the sewerage water, to breath the

carbonized air, to be closed up in a labyrinth of dull, sooty, unwholesome
streets; to leave himdreds and thousands confined there, with gin, and bad air,

*Part of a lecture deliveretl before the Harvey Society, New York, Oct. 26, 1907, by
Professor E.G. Jordan, University of Chicago-. (Published by the American Medical

Association. )
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anJ hard work, and low waf^es, brooding contagious disoases, and sinking into

despair of soul and feebler conditions of body; and then to sing pagans and

shout, because the ground shakes and the air is shrill with the roar of infinite

engines and machines, because the blank streets arc lit up with garish gas

lamps, and more garish electric lamps, and the postoffice carries billions of

letters, and the railways every day carry 100,000 persons in and out of the

huge factory we call the greatest metropolis of the civilized world—this is

surely not the last word in civilization.

"We need not pause now to inquire whether this characterization

of the London of the nineteenth century was correct, or, admitting

that it was, whether it is now true of London or any other city ; whether

the human race at the beginning of tlie twentieth century is still

dazzled and bewildered by its sudden material acquisitions; whether

we are even now rushing violently down a steep place into the sea;

I would simply ask you to remark the largest part that faults and

defects of sanitation play in Mr. Harrison's eloquent indictment.

Some of the hardest things said al)out the nineteenth century by its

critics refer to the neglect of public hygiene. Again and again the

luxury of a few and the comfort of more are contrasted with the un-

hvgienic conditions under which many others are forced to live and

work. Unhygienic conditions in themselves are nothing new. In

medieval London, and indeed throughout Europe, the dwelling places

and mode of living of the majority of the citizens were far more un-

wholesome, far more conducive to the spread of infectious disease

than in the London of 1S82 or 1907. IMr. Harrison himself in another

connection thus pictures the life of the Middle Ages:

The old Greek and Roman religion of external cleanliness was turned

into a sin. The outward and visible sigfi of sanctity now was to be unclean.

No one was clean, but the devout Christian was unutterably foul. The tone

of the Middle Ages in the matter of dirt was a form of mental disease. Cooped

up in castles and walled cities, with narrow courts and sunless alloys, they

would pass day and night in the same clothes, within the same airless, gloomj',

windowless, and pestiferous chambers; they would go to bed without night-

clothes and sleep under unclean sheepskins and frieze rugs; they would wear

the same leather, fur, and woolen garments for a life time, and even for suc-

cessive generations; they ate their meals without forks, and covered up the orts

with rushes; they flung their refuse out of the windows into the street or piled

it up in the backyard; the streets were narrow, unpaved, crooked lanes, through

which, under the very palace turrets, men and beasts tramped knee-doop in

noisome mire. This was at intervals varied with fetid rivulets and open cess-

pools; every church was crammed with rotting corpses and surrounded with

graveyards, sodden with cadaveric liquids, and strewn with disinterred bones.

Round these charnel houses and pestiferous churches were piled old, decaying,
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wooden houses, their sole air behig these deadly exhalations, and their sole
water supply being these polluted streams or wells dug in this reeking soil.

Even in the palaces and castles of the rich the same bestial habits prevailed.
Pri.soners rotted in noisome dungeons under the banqueting hall; corp.ses were
buried under the floor of the private chapel; scores of soldiers and attendants
slept in gangs for months together ia the same hall or guardroom, where they
ate and drank, played and fought.

"At all events the city .slum is not a modern institution. The
main difference between the medieval and the modern attitude

towards unhygienic conditions lies in our having now become awake
to the sources of disease and death and to the knowledge that much
disease is preventable. The public conscience to-day winces and
rebels at the sight of evils once regardcfl with indifference or help-

lessness. So long as mankind suppo.sed that, in the language of

Ouden's Concordance, "disca.se and death are the consequences and
effects of sin," so long did a bewildered resignation accompany the

mysterious visitations of Providence. For many this was radically

and permanently changed when the germ theory gave to the human
race for the first time in its history a rational theory of disease su.s-

ceptible of experimental verification. AMien that fact was estab-

lished that much disease could be prevented, an enduring foundation

was laid for works of sanitation.

"The campaign against disease can be carried on in various wavs.

Individual cases of disease can be nursed with all the care that ex-

perience has shown to conduct to recovery, suitable drugs mav be

administeretl, surgical interference resorted to, individual peculiari-

ties studied and taken advantage of; in fact, all the resources of mod-
ern medicine can l)e focused on the state of disturbance or abnor-

mality in the individual patient. Such treatment has saved in the

past, and will save in the future,' many lives dear to friends and
family and of incalculable value to country and race.

"As a ma.ss-method of attacking di.sease, however, it is distinctly

palliative and not remedial. There is no naan in his right mind who
would not rather avoid disease altogether than be healed of a malady '

even by the most skillful physician. For many and evident reasons

prevention must in the long run take precedence over cure.

' "Preventive measures fall conveniently into two classes—those

deahng with the physical well-being and resistance of the individual,

such as diet, mu.scular exercise, sleep, fatigue, the use of stimulants
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and narcotics, and the general efficiency of the bodily functions; and

secondly, those having special refer^ce to environmental conditions

or affecting many persons or communities. The methods that the

individual may adopt to ward off disease and enhance resistance

lie within the scope of personal hygiene; those that involve larger or

smaller groups of individuals, constitute the province of public hygiene

or sanitation.

The R6le of Personal Hygiene. "The methods for the further-

ance of personal hygiene must be largely educative in character, and

it must be recognized that the progress possible in this direction is

distinctly limited by inherited constitutional factors. The preven-

tion of disease and premature death is in many cases impossible even

if the strictest and most efficacious regimen be maintained and if

the hostile action of outside agencies be successfully avoided. In

other words, some organisms carry within themselves the seeds of

decay which germinate early and come to fruition in spite of all in-

dividual endeavors. A congenitally feeble or defective mechanism

may be strengthened, but cannot be remade. In most instances,

however, measures of personal hygiene avail powerfully in promo-

ting normal life and happiness and in some degree in preventing pre-

mature death. I need only mention the high resistance to many
infectious diseases possessed by the well-nourished, properly exer-

cised, undrugged individual. Improvement in personal hygiene must

depend to a great extent on education, must necessarily be slow, and

its success in preventing disease be conditioned in large part by the

inherited constitution.

Public Hygiene. "Any distinction between personal hygiene

and public hygiene cannot in the nature of things be an absolute one.

The stream cannot rise higher than its source, the welfare of the

group is determined by that of the individuals composing it. More

and more, too, the concerns of personal hygiene are tending to be-

come problems of public hygiene. Bodily cleanliness is essentially

a personal matter; it would be an absurdity in the present state of

public opinion to legislate for compulsory bathing, and yet the estab-

lishment of free public baths is everywhere recognized as an impor-

tant measure of public sanitation. The same thing applies to exer-

cise and the establishment of municipal playgrounds and gymnasia.

The j)rinciple is perfectly sound. Primarily the function of public
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liyi^iciic is l)()th to avert from the community us a whole the conse-

quences of misdoing, neglect or ignorance on the part of any one, or

any number, of its members, and to provide for groups of individuals,

conditions as favorable for health and happiness as the most intelli-

gent and far-seeing could demand for themselves. Such con(^litions

may not always be those that the least intelligent or most greedy

members of the community desire, but from the point of view of

public hygiene they are none the less inevitable.

"Up to the present, measures of sanitation have affected chiefly

the infectious diseases. This is shown, for example, by the list of

the ten leading causes of death in Massachusetts in 1S5G and in 1904,

Table 1.

» TABLE I

The Ten Leading Reported Causes of Death in Massachusetts in Order

of Frequency

1856

Consumption

Scarlet Fever

Brain Disease

Old Age
Pneutnonia

*Typhoi(l Fever

* Dysentery

Heart Disease

Cholera Infantum

Diphtheria and Croup

1904

Heart Disease

Consumption

Pneumonia
Diseases of Brain and Cord

Diseases of Kidneys

Cancer

('holera Infantum

Accidents

Bronchitis

Diarrhea and Cholcia M<)rl)u;^

"It is here seen that the diseases that have been displaced are

largely the infectious diseases. It is not possible in all cases to deter-

mine the factors that have been operative in the decline, and in some

cases causes beyond our control have perhaps been at work, but

undoubtedly measures of quarantine, isolation, school hygiene, and

other protective devices adopted by the community have ])layed a

part in the shrinking of once prevalent infections. In some in-

stances the effect of methods of sanitation is not to be mistaken.

One of the most remarkable, as indeed one of the best understood

*In 1904 typhoid fever had dropped to thirteenth, dysentery to seveuteeuth, aud scar-

let fever to twenty-first place.
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Fig. 31. (After Leuchart-Chun's Wall-Digram.)

Anophkles .\nd thf, ]Mal.\ri.\ Germ
1, 2. The malaria germ, PlasmoiHum, introduced by a mosquito bite into human blood.

3 5. After penetrating a red-blood cell; its growth at the expense of the latter. 6. Its vege-
tative multiijlication. 7, 8. Crescentlc forms (for further development the ^erms must at
this point be transferred from the man to the mosquito). 9. Female germ cell : '.'a. Vh, Male
germ-cell. 10. Conjugation of 9 vi'ith one of the vibratlle arms of Ob. 11. Malaria germ
resulting from such conjugation in stomach of mosquito. 12-16. Multiiilicaiiou (ciicvst-

ment aiid sporulation) of the malaria germ in the body of the mosciuito, with pnxluc-
llon of many forms like 1 (cycle completed). 17. Female malarial mosquito, A/i(iji/i'l<s

clavk/er; head of male below. 'l9, 20. Mosquito larva and pupa. 21. Stomach of mosquito,
showing tumors produced by 16. 22. Cross-section salivary gland of mosquito, showing
malarial microbes which hjive wandered into it—from the tumors in 21—and now ready to
be transferred with saliva into persons bitten.
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c.xamplt'.s of the efficacy of sanitary features, is afforded in tfie in-

fluence of improved pul^lic water supply on typhoid fever. . . .

"It is surely no small matter that we have come to tlie point

where considerable groups of influential men and women are willing

to undertake the task of making plain to the general public the

momentous character of these questions. A concerted and per-

sistent campaign of education backed by scientific investigation is

likely to have greater weight in moulding public opinion than the

isolated appeals of reformers and philanthropists, however timely

Fig. 33. Houses in the Canal Zone (Panama) Showing Wire Screening Serves to
Protect the Inmates from the Mosquito.

and well directed. The great mea^sure of success already achieved

by the crusade against tuberculosis at least serves to encourage this

belief.

"It is evident, I think, that with the increasing complexity of

the social structure, the field of public hygiene will continue for some
time to broaden. .]\Iany matters affecting the physical well-being of

society which are now overlooked, ignored, or regarded as a necessarv

part of keeping the pace, will come to be seen in their true light."

INFECTION AND CONTAGION

Mediums. As has been already stated, nature has pro\'ided a

normally high resistance through the mediums of the skin as an
external defense against bacteria, and agencies like the gastric juices
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and the white hlood corpuscles as Uieir enemies within the human

system. Infection occurs, under ordinary circumstances, only when

these safeguards are broken down in various ways.

The Skin. An apple is provided with its skin and if this is not

punctured in any way the apple grows uninterruptedly and develops

into the healthy ripened fruit; but if, by a fall or the peck of a bird,

this armor is pierced, immediately the organisms in the air enter

through this breach, attack the fleshy part of the apple, and begin

the work of destruction. It is the same way with the body; a cut

may be a very simple matter if caused by an uninfected knife, for

example, but if the wound is left open to infection from dust and

things which are unclean, or if the instrument which produced the

cut happens to be unclean itself and leaves the unhealthy organisms

in the wound as it passes through, the effect is the same. The in-

fection soon shows itself in inflammation which may spread locally,

fester, and cause great discomfiture if not actual danger when not

attended to. If the germs are of an unusually virulent type they

may pass into the blood, and if the resistance of the patient is low,

may produce extremely rapid changes in the body condition, causing

high fever, blood-poison, and possibly death.

Another method of infection through the skin, which has only

recently received the attention it deserved, is that of the possibility

of infection through the bites of the mosquito and infection by con-

tact with bacteria carried by flies. The former pest has been defi-

nitely proved to be responsible for the spread of the characteristic

tropical diseases of malaria and yellow fever. In the case of malaria,

the fact that the spread of the disease occurred usually near swampy

ground, and that the disease was prevalent in country districts rather

than in cities, and further that its breaking out was a consecjuence

of extensive soil excavation, all of these idiosyncrasies of malaria fever

can now be explained through the creation or maintenance of breeding

grounds of the mosquito. Of course, it must not be supposed that the

mosquito itself is infected except as it has become so through sucking

the blood of a person already subject to an attack of malaria. The

contagion, therefore, is due to the fact that the mosquito, so inocu-

lated, passes on the disease germ by biting a person not so afflicted.

Fig. .'51. It is clear then, that when the available supply of malaria

parasites is cut off the bite of the mosf|uito can no longer convey
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infection. The plan tlicrefore which has been followed is in brief,

first, to carefully screen all dwelling houses, especially those contain-

ing malaria patients. Fig 32, and to kill the malaria bacilli already

in the patients by the use of quinine; then by draining off all pools

of standing water and properly screening all water reservoirs, rain

barrels, and such otlier feeding grounds, to prevent in a great measure

the propogation of mosquitoes in inhabited districts. These methods

have been used very successfully in Havana and other cities of Cuba,

as well as in Panama, as shown by the improvement of an alley in

Colon brought about by the American sanitary engineering corps.

Figs. 33 and 34, who have transformed these places from regions

where malaria was rampant and the moscjuito was a pest from which

infection could hardly be avoided, into healthy communities

where people can sleep peacefully without any preventive methods

against the mosquito. The conclusive evidence obtained by the

American Military officers, at great personal risk and with admirable

courage—that the yellow fever is transmissible in the same way—has

enabled the sanitary expert to practically stamp out this disease, or

at least to control it by rigorous quarantine regulations, within cer-

tain limited districts. By such methods both of these dread diseases

which interfered to such a terrible extent with the active work of the

French government on the Panama canal, have been put under almost

absolute control, enabling the American government to carry on

its work in peace and without any great loss of life.

The Alimentary Canal. The more usual avenues of infection,

however, are through actual contact with disease germs which are

present in the air or on the clothing of persons who are already

diseased. These bacteria find their way through the mouth into

the alimentary canal where they are ready to begin their operations if

the resistance is not too great. Nature has provided in the digestive

track various conditions which are unfavorable to the ordinary

bacteria; for example, the acid conditions of the gastric juices is

fatal to nearly all of the bacteria present in uncooked food and to

very many disease germs. The gastric juice is, however, not often

sufficient to cope with these organisms and the alimentary canal may
be considered in general a rather favorable breeding ground for the

bacteria. Many of these germs are carried oh through the digestive

system and thrown off without harm to the host. If absorbed by

311



44 i{A( "l'Kl(l()L()(i\ AM) SAMTATIOX

tlic blood, the white hlood corpuscles or phagocytes, Fig. 22, will

attempt to devour them, and if tiieir power is sufficient will accom-

plish their destruction.

Diphtheria germs, for instance, work by finding lodgment ujkmi

the tissues of the throat, grow and multiply upon the nonnal seciv-

tions and food materials

there present, and in

the course of their de-

velopment produce the

poisonous substance al-

ready mentioned as the

toxin of diphtheria.

This first paralyzes or

otherwise interferes with

the healthy action of

the linings of the throat,

whereupon, these cells

failing to cio their duty,

an abnormal secretion

of lymph produces the

well-known whiie

patches so common in

di|'htheritic throats. At

the same time the poison

is -being absorbed into

the general circulation,

causing the general

symptoms characteristic

of the disease. The curves in Fig. 35 show how quickly the throats

of the school children respond to contagion from the di})htheria

germs thrown off from the bodies of those already infected, when

they are kept closely confined in ill-ventilated school rooms.

In Asiatic cholera the infection takes the form of an invasion and

an extensive fermentation of the contents of the alimentary canal with

tremendous multij)lication of the mirco-organisms concerned. At the

same time the characteristic poison of cholera is supposedly liberated

and absorbed through the walls of the canal, giving rise to the char-

acteristic symptoms such as vomiting, fever, sweating, and delirium.
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Sources. If a search is made for tlie source of these germs which

have reached the body from the infected knife or blade spHnter, or

fn)m the air we breathe, the statement that all the disease germs are

spread from cases of the disease itself will seemingly force the re-

sponsibility for the creation of these dangerons organisms npon man
and other animals. It was formerly snpposed that the soil and various

other unhealthy materials were extremely fertile sources of infectious

diseases; in other words, that

the germs not only existed but

thrived and multiplied in the

earth. It was thought, for ex-

ample, and is still held by some,

that the typhoid fever micro-

organism passes a portion of its

life in the soil, especially in filthy

soil. There is no question, how-

ever, that to-day the prevailing

opinion is that these germs re-

quire body contact in order to

develop to any great degree. The

recent discovery of the role played

by the mosquito in the convey-

ance of malaria and yellow fever merely shows that diseases long

associated with swamps and stagnant pools have had their sources

only in the animal bodies which inhabited such places. If, therefore,

it be true that man and other animals are the principal origiftal

sources of infection, it thus follows as a matter of course that their

excreta are its principal original vehicles. Fig. 36. These would

include not only discharges from the digestive tract but the nose,

lungs, pores of the skin, etc.; involving, in fact, all avenues by which

material can be thrown off from the bodv. It is interesting: to note that

the expired air from the lungs formerly so much dreaded by those

who watched at the bed-side, appears, according to the careful in-

vestigations, to be the least dangerous of all excreta, being practically

-germ free.

The secondary vehicles of infectious diseases which sanitation

must combat are the soil, air, water and animals. From the skin

the surrounding air may first become intected and then move on laden

Fig. 36. From Excreta of Cholera Patient
on the 23rd Day of Sickness.
(From KoLle d- fVasi<(rM(i/in.)
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with disease. Likewise the sputum from the mouth or the discharge

from the bowels may be slowly mingled with a stream so that the

seemingly pure water way contain unseen and unsuspected germs

of deadly disease. Or again, the earth impregnated with human

excreta may be dried, pulverized, and as dust blown hither and yon

by the wind, infect the human throat, and become the means of in-

flicting diseases such as diphtheria and tuberculosis.

Fig. 37. A Dust Garden, a, mould; &, bacteria.

THE CARRIERS OF DISEASE

The Soil. As has already been said, the idea that the soil offers

a fertile breeding ground for noxious bacteria has been practically

abandoned. That it is inhabited, however, by millions of useful

living organisms which carry on important organic transformations

is freely admitted, and it would not be surprising if among the many,

a few of the disease-producing variety, like the microbe which causes

tetanus, would be found to grow in some soils. Nevertheless, it

may be considered that the body of the earth is quite free from dan-

gerous bacteria except where it forms the medium through which

the infected excreta of man and animals can unite with the ground
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waters and thus infect the streams and rivers. The surface lay(>rs

of the soil ari> not so free from contaminations and, becoming pul-

verized, rise in ch)U(ls of (hist to infect the air, irritate the nasal and

hronchial passages, and perhaps cause serious afflictions. The pres-

ence of tlie infecting bacteria are easily seen by making a culture as

shown in Fig. 37, the spots marked a being mould cultures, and

those marked h are due to (hmgerous bacteria.

The Atmosphere. *"Few pc^ople reahze that, with the advent

of autumn, the great majority of the swarms of bacteria which have

been circulating in the air during the liot summer months take their

l(>ave of us and disappear.

"Practically, however, we are all conscious of this fact, for we

know what greater difHculties attend till- keeping of food sweet and

wholesome in the summer than are met with in the winter. . . .

Bacterial operations are, however, distincdy favored by the accident

of temperature, the warmdi of the summer encouraging their vitality

and multiplication. We know that as regards mere numbers the

l)acteria in air may vary from to millions in a couple of gallons,

these extremes being dependent upon the surrounding conditions

or relative purity of the atmosphere.

"Out at sea, beyond the reach of land lireezes, it is no uncommon

thino- to find none whatever; on mountains and even hills of humble

elevation, the lack of bacteria is very marked if there are no abnormal

or untoward circumstances contributing to their distribution. In

illustration of this, the recent investigations of the air on the summit

of Mont Blanc by M. Jean Blnot are of especial interest, inasmuch

as the altitude at which they were carried out is the highest at which

the search after bacteria has so far been pursued. . . . As was

to be anticipated, frequendy no bacteria at all were found, and it

was onlv when such comparatively large volumes of air as one thou-

sand litres (about 200 gallons) were explored, that microbes in num-

bers varving from four to eleven were discovered. The air of the

coimtry is far freer from microbial life than that of cities; whilst open

spaces,' such as those afforded by the public parks, are paradises

of purity compared with the streets with their attendant bacterial

slums.

"That it is no exaggeration to describe streets from the bacterial

From Franklaud's Bacteria in Daily LUe.
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point of view as .slums, is to he fjjathcrcd from the fact that much U'ss

khan a thimbleful of that dust which is associated with the blustering

days of ^Nlarch and the scorchinfi; pavements of summer, may contain

from nine hundred to one hundred and sixty niillions of bacteria.

"There can be no doubt, therefore, that dust forms a very im-

portant distributing agent for micro-organisms; dust particles, aided

by the wind, being to bacteria what tlie modern motor-car, with its

benzine or electric current, is to the ambitious itinerant of the present

day. Attached to dust, bacteria get transmitted with the greatest

facility from place to place, and hence the significance of their pres-

ence in dust. . . . Bacteria, how^ever, survive this desiccation

process much better when they are herded together in large numbers

than when they have to face such untow^ard conditions as isolated

individuals. This has been well illustrated in the case of diphtheria

bacilli, and the difference in their powers of endurance under these

respective conditions is very striking. Thus when a few only w^ere

exposed to a very dry atmosphere on silken threads, they disappeared

after eight days; but when somewhat larger numlxn-s were taken they

contrived to exist for eigliteen days; whilst when great multitudes of

them were herded together, even one hundred and forty days' starva-

tion in these desert like surroundings could not entirely stamp out

their vitality.

"This dangerous property possessed by the germs of diphtheria

should, if possible, increase the vigilance with which the outbreaks

of this disease are watched and dealt with. Abel cites an instance

in which a wooden toy in the sick-room of a child sufli'eriug from

diphtheria was found six months later to have virulent diphtheria

bacilli upon it.

"That the bacillus of consumption should have been very fre-

quently found in dust by different investigators is hardly surprising

when it is nudized that the sputum of consumptive persons may con-

tain the tubercle germ in large numbers, and that only desultory

efforts have been matle to sup]:)r(\ss that highly objcc-tionable and most

reprehensible practice of indiscriminate expectoration. Consider-

ing that the certified deaths from tuberculosis in 1901, in England

and Wales alone, reached the enormous total of 42,408,* and bearing

in mind the hardv character of the bacillus tuberculosis when present

*Thc iniinber in the Uintod States (hiring 1900 was i"J_.000. (Jordan)
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ill s|)iitiim, it li;i\iii<,f Keen t'oiiiid :ili\c in (lie hitter even wlicii kept

in a dry ('(MKlition after ten inoiitlis, it is not too imicli to dcmaiul that

vigorous measures should be taken hy tho legishiture to cope with

what is now regarded as one of the most fruitful means of spr(>ading

consumj)tion

"Some years ago Messrs. Caruelley, llaldane, and Anderson

carried out an elaboi'ate series of investifjations on the air of dwellin<j

houses in some of the j)oorest parts of Dundee. The .samples were

taken during the night, Ix'tween 12:30 a. m. and 4:30 a. m., and in

their report the authors state that the one-roomed tenements were

mostly those of the very poor; 'sometimes as many as .six or even eight

persons occupied the one hed,' whilst in other ca.ses there was no bed

at all. As regards the numl)er of bacteria present in the air in these

one-roomed houses, an average of .several examinations amounted to

sixty per quart; in two-roomed houses it was reduced to forty-six,

and in houses of four rooms and upwards only nine micro-organisms

in the same volume of air were'discovered.

"On comparing the mortality statistics with the composition of

the air of dwelling houses of different dhnensions, the authors arrive

at the following conclusions: 'That, as we pass from four-roomed

to three-, two-, and one-roomed hou.ses, not only does the air become

more and more impure, as indicated by the increase in the carbonic

acid and organic matter, and more especially of the micro-organisms,

but there is a corresponding and similar increase in the death-rate,

totjether with a marked lowering of the mean age at death.'

"Mention may also here be made of the investigations made by

these gentlemen on the air of hoard schools, which showed that in

those buildings where mechanical ventilation was used the carbonic

acid gas was three-fifths, the organic matter one-seventh, and the

micro-organisms less than one-ninth of what was found in schools

ventilated by the ordinary methods. In commenting upon this

.series of investigations, the authors write: 'When we come to con-

sider that the children who attend the average school for six hours

a day are during that time subjected to an atmosphere containing on

an average nearly nineteen volumes of carbonic acid per 10,000, and

a very large proportion of organic matter, and no less than 155 micro-

organisms at least per quart, we need not be surprised at the unhealthy

appearance of very many of the children. It must also be borne
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in iniiid that mnny of tliciii arc exposed for iiiiu' liours more to an

atmosphere which is about five times as impure as that of an onHnary

bedroom in a middle-class house. They are thus breathing, for at

least fifteen hours out of the twenty-four, a highly impure atmosphere.

The effects of this are often intensified, as is well known, by insufficient

food and clothing, both of which must render them less capable of

resisting the impure air. The fact that these schools become, after

a time, habitually infected by bacteria renders it prol)able that they

also become "permanent foci of infection for various diseases and

particularly, perhaps, for tubercular disease in its various forms." '
"

Illustrations could be multiplied without number to show the

harmful effects of impure and insufficient air as found among the

dwellings of the poor; and the many efforts of municipalities and

private philanthropic individuals to improve these conditions, testify

to the active state of the public conscience, and to an appreciation

of the value of sanitary methods in bringing about a better condition

of the public health.

Filth and Filth Diseases. A rather important change of ideas

due to modern bacteriology is the present view of filth and filth

diseases. In the earlier days before the bacteria and their ways were

understood there were many filth diseases which were so named be-

cause of the idea that filth was not only the vehicle but the actual

breeder of the infectious disease. This was applied, for example, to

typhoid fever, a view which has since been entirely abandoned. The

mod(Tn theories of filth and its dangers are very different from these.

It is first and always a convenient vehicle of disease but, in modern

sanitation at any rate, it is seldom more than this imless it serves to

produce a depressing effect, thereby lowering the body resistance.

In other words, filth is looked upon as dangerous by the sanitarian

of to-day chiefly because it may hold in its composition the germs of

disease in more or less virulent form but not because it may be a

breeding place. Therefore, there arc no filfh diseases as such, and

sanitary boards have no design, in the care of the dirt of the streets

or the disposal of putrifying garbage and refuse, other than the

removal, by cremation, by dumping in the sea, or plowing under the

soil, of some of the carriers of diseases and the reduction thereby,

of the chances of contamination of its public supplies of water,

milk, etc,
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Personal Cleanliness. A love of rleaiiHiiess is perhaps not in-

born l)Ut is the result of civilization, of education, of a development of

a bodily righteousness which shows itself in an abhorence of dirt

either on one's person or his surroundings. In this day of under-

standing there is an added incentive in the fact that to be clean is, at

least in a measure, to be free from infectious diseases, and this, coupled

with an iiilclligent care of one's surroundings, of the supply of food,

of milk, and of water, brings about the best possible condition of pub-

lic health. The use of cooking methods, i. c, high temperatures in

the preparation of our foods, has been one of the most valuable aids

in the destruction of our invisible enemies, aside from its value in

making eating worth living for. Again, some of the channels through

which personal uncleanliness or the more virulent personal infec-

tions have been wont to act, have received especial attention during

the past few years. The public drinking cups, communion cups,

roller towels, barbers' shaving mugs and razors, and the many other

articles whi;,'h, if used in common, tend to bring about the transfer

of the disease germs from one body to another, have been, where

possible, abolished and a sufficiently widespread knowletlge of and

sentiment against such things have been instilled into the public mind

to bring about the proper sanitary regulation. Public drinking

fountains of an approved type are being installed everj'Avhere, while

the old toicn yump is rapidly becoming classed as an undesirable

citizen.

Sewage a Carrier of Disease. The disposal of tlie waste })roducts

of life by means of a well-ordered sewerage system has beccjme well-

ni<j[h.universal and, as sewa<jre is at all times more or less hij^hlv in-

fected with disease germs, its final disposition becomes an important

factor to the sanitary expert. The old adage
—

"Eternal vigilance is

the price of peace"—applies not only to war against municipalities

and powers but to the bacterial campaigns as well. As Dr. Sedgewick

puts it "the chain of public health is no stronger than its weakest

link, and therefore, no matter how clean and wholesome all other

conditions may be, if there is one point at which the germs of infec-

tious disease may find admission into the body, danger may be im-

minent."

Disposal hi/ IlunuiiKj Sfrrams. Up to within a few years ago

there was a well-defined theory that "running water purifies itself."
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This fact was used to justify the practice by many towns and cities

which were located on the banks of rivers and lakes, of drawing their

water supply from above the town and emptying the sewage below,

without a thought as to possible conditions which would result in a

contamination of the water supply by the sewage of the town above

or the influence of the town's own sewage upon the water supply of

the people below them. There were, therefore, a number of cases

of dangerous polution of river waters, which resulted in epidemics

of greater or less severity. The theory itself is based upon the obvious

fact that although a very large amount of sewage might be suddenly

poured into the stream at a given point, it is only necessary to follow

the stream for a comparatively short distance to find the results of

such pollution, if not entirely wanting, reduced to a small amount.

Naturally only one conclusion could be drawn, viz, that the water

had j)urified itself. A point which was not taken fully into account

in the early history of this method—the amount of purification due

to dilution—has been more carefully worked out, with the result

that extreme care is now exercised in furnishing a proper proportion

of water for a given amount of sewage and in the use, where neces-

sary, of filters either for the sewage or for the water supply. Several

other elements, as for example, swiftness of the current, nature of

the sub-soil, and time element have been taken into consideration

with the result that the method of sewage disposal l)y flowing streams

A\hen accompanied by the proper amount of regulations has been

found a very useful, inexpensive, and not at all dangerous practice.

The use of lakes as sewage tlepositories has also been made with

considerable success and unless the ^'olume of sewage provetl too

great, as in the case of Chicago, the practice of drawing the water

suj)ply from this same lake at a properly distant point, has not been

found dangerous. In all of these cases the factors, in addition to

that of dilution, which contribute to the extermination of the bacteria,

are the coolness of the water, which produces either death or inaction;

scarcity of food due to the excessive dilution; and the slow settling

to the bottom of the sediment, in which the bacteria are growing.

Infrrniiffciif Fillraiiou. In a previous discussion of the various

types of useful bacteria, the fact was mentioned that there were in

the earth many forms of microbes of the iiifrij'ijinr) vnridtj, whose

oflice it was to transform organic material into inorganic substances
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which the plants could use as food. These useful micro-organisms

can account for the disappearance of tiie fertilizer which the farmer

spreads so generously over his fields and plows into the soil each year,

and the products of its decomposition are the things which make the

difference between fertile and barren soil. If, then, the sewage is

allowed to flow out upon an area, there to soak into the earth and

give to these bacteria the opportunity of transforming the dangerous

material into harmless and, in fact, needful nitrates, this constitutes

a very useful and exceedingly effective method of sewage disposal.

It is one of the most primitive methods and has been used to very

good advantage by cities as large as Berlin.

The early exponents of this method considered that the purifica-

tion was due in a large measure to an oxidation through exposure to

the air, and it was w th this dea of the process that the Rivers Pollu-

tion Commission of Great Britain, appointed in 18GS, carried on

many valuable experiments, resulting in the adoption of the method

in England and Germany. However, no further data of particular

importance were obtained until some most interesting experiments

were taken up along modern bacteriological lines by the state of

]\Iassachusetts. In 188G, a commission was appointed to go into the

subject with great thoroughness and establish an experimental

station, which, by the way, was probably the first one of its kind.

These experiments were extremely exhaustive in character and covered

the range of purification of sewage upon land by intermittent filtra-

tion, and by electrical and chemical separation. The method of

intermittent filters is one of the most useful and will be the only one

discussed.

This method had been used with considerable success in Eng-

land and Germany, l)ut the knowledge available was very limited,

and there was no assurance that conditions of climate, soils; sewage,

etc., would not make impossible the adoption of the same methods

in ^Massachusetts. Accordingly, a series of careful experiments were

begun to test the purifying capacity of various soils common in

INIassachusetts. For this purpose a number of large wooden tubs

of sixteen feet in diameter were used which were carefully filled with

different materials ranging from muck and garden loam on the one

hand, to different grades of sand on the other, the latter rantrinir from

fine sand even to large pebbles. The soil or sand to be tested was
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in each case supported by a layer of stone and gravel and drained

underneath through a pipe which emptied into a large measuring

basin. The sewage to be experimented upon was drawn from one

of the main sewers of the city of Lawrence, and was the ordinary

domestic city sewage free from manufacturing wastes. The result

was astonishing to say the least. Many people who witnessed the

experiments felt certain that the filters would become clogged and

foul. They did not know that Berlin disposes of all its sewage

upon land. They forgot that the farmer lays on yearly a layer of

filth and plows it into the ground. As soon as a few days had

passed and the filters had become thoroughly established, the filtrate

showed a decided improvement and soon was bright and clear.

Analyses showed that the output was purified sewage, comparatively

free from odor, and with only a few scattered bacteria. The siu-prising

jxirt of the whole matter was that the filters showed no signs of clogging

and no disagreeable odors developed. It was a strange fact that the

fine loam which many supposed would be the most efficient in pro-

ducing purification, was really the least effective, the texture being too

fine to allow sewage to percolate freely. On the other hand, the sands

all worked to good advantage, the fine grains working best; but strange

to say the only office of the grains of sand or the pebbles was that of

providing the little pits on their surface as places in which the bacterid

could lodge and thereby detain and work over the organic matters in

the sewage. In other words, the little channels through which the sow-

age passed became populated with swarms of bacteria v/hich were able

to iiiodify the material held in solution so that it passed out of the filter

in harmless forms, that is, the action of the intermittent filter was almost

entirely chemical and bacterial. It is clear, therefore, that this proc-

ess is not filtration in the strict sense of the word but merely a method

of splitting up the sewage by means of the millions of canals between

the sand grains so that the bacteria, which lodge along the walls of

these canals, can eflFectually dispose of the harmful products. In

this process both the aerobic and anaerobic varieties of bacteria are •

active, a fact which was brought out by the necessity of the flow of

sewage being intermilleiif in order to obtain tlu' b{\st results; a con-

tinuous flow prevented the aerobic bacteria fi-oiii obtaining thr air

necessary for their active existence.

The results of these experiments were (|uiekly applied in INlassa-
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chusetts and elsewhere. All that needed to be determined was

whether the soil of that particular section was of a quality to produce

the proper purification, after which the method of land-disposal of

sewage could be installed with perfect confidence. As to where the

numerous living bacteria always present in crude sewage have dis-

appeared, it might be said that some are mechanically detained in

the upper layers of the earth, others perish from lack of food either

near the surface or probably in the lower layers of the filter, while

those that pass through the filter undoubtedly are so weakened by

the lack of food in the filtered sewage that they soon die. At any

rate, it has been found in most cases that the water after passing

through well-built intermittent filters is sufficiently pure to be drunk

with impunity. There are many other methods which have been

advocated and brought into more or less general use, but the scope

of this article will allow only the mention of such devices as irrigation

and sewage farming, chemical precipitation, electrolytic action, and

the fermentation or septic process. Each may have a particular

value under certain local conditions, none ever becoming universal,

but all contributing to the destruction of dangerous material and the

improvement of sanitary conditions in general. For further informa-

tion concerning sewage disposal and purification, the student is re-

ferred to pages 134 to 149 in Marston's Sewers and Drains.

Water an Active Agent in the Spread of Disease. *"It may be

safely assumed diat there are few natural waters on the surface of

the earth that do not receive a perceptible amount of tiie sewage,

drainage, or waste resulting from human activity and habitation.

Now the experience of the human race has shown that many of these

natural bodies of water arc used as a source of water supply liy con-

siderable populations without any strikingly noticeable injurious

effects. If all the dangerous elements, or, to put it more specifically,

all the pathogenic (^disease causing) bacteria, entering bodies of

water remained there in their original numbers without change, it

needs little imagination to picture the difficulty there would be in

obtaining a supply of even moderately wholesome drinking water.

We know that tliis is not the case,, and it is apparent that in nature

some sort of chanj^e occurs which results in the destruction or dis-

*From Natural Purification of Streams, by Professor E. O. Jordan, Uuiversity of

Chicago.
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appearance of the offensive and disease-producing elements that

are introchiced from time to time into most bodies of water.

"It has been wittily said that what is wanted in a drinking water

is innocence rather than repentance, but it must be remembered also

that very few^ large communities are in a position to obtain a virgin-

ally pure supply. In practically every civilized country the rivers,

large and small, receive the sewage or drainage of a more or less

extensive population ; and the same is true of the large ponds and

Fig. 38. Water .Supply System in a Larpro Cuban Town.

lakes. It has been estimated by Hazen that the water supplied to

approximately 52 per cent, of the urban population—in cities of over

25,000—of the United States is unsatisfactoiy. The large and in-

creasing consumption of water by the inhabitants of modern cities

and towns renders the obtaining of a ..ufficient ({uantity of uncon-

taminated water always diflicult and in most cases impossible. For
the majority of public water supplies, recourse is had to sources

known to be more or less polluted at some stage in their history.

The reckless practice of some cities in using such water without
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^

artificial j)urirK'iition shows tiiat a considerable degree of natural

purification must occur, otherwise the consecjuenccs of the neglect

of elementary precautions would be far more disastrous than they

are." For example, the water system for a large town in Cuba,

Fig. 38, would hardly be considered ideal from a sanitary stand-

point. Yet even with these primitive methods, cases of infections

arc no doubt comparatively rare.

Cholera. The most common of the dangerous infections to

which are attributable the pollution of the water supply arc cholera

and typhoid fever, and a study

of the occurrence and behavior

of these maladies should l)e of

gi'eat interest to the sanitarian.

Both attack the digestive tract,

Fig. 39, but the former is nuich

more rapid in its development

and more deadly in its effects.

It has })een the cause of many

serious epidemics of which the

one in London, in 1854, and the

one in Hamburg, in 1892, will be

taken as typical. The epidemic

of 1854 occurred in St. James'

Parish, a district inhabited by about 30,000 persons, and the

deaths from cholera amounted, for a period of seventeen weeks,

to 700, or about 220 per 10,000. During this same epidemic a

neighboring parish had only nine deaths in 10,000. The origin of the

infection was for some time in doubt but finally, by the very careful

and skillfid deductions of Dr John Snow and others, the finger

of suspicion pointed to a public drinking pump in Broad street,

Fig. 40. The handle of the pump was at once removed, and a sub-

sequent investigation of the surroundings, made by Mr. York, showed

a startling source of contamination. Of course, at that time, bac-

teriologv was in its infancv, and the cholera bacillus had not been

identified; consequently, the information regarding the occurrence

of cases within the district, the deaths among those who used the

Broad street pumj), the influence of this same well upon cases in other

districts, the exemption of certain factories which had their own

"*^iMii Tjti'niir''

'

Fig. 39. Typhoid Bacillus Colony.
(From Kolle & Wassermviin.)
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drinking water .suj)j)ly, all of this material had to he collected with

painstaking care. It' the anthorities had known what we know now,

an analysis of the water wonld have shown at once its infected con-

dition. As it was^ the investigation of the surronnding soil showed

that a defective drain, foul with the excreta from the inmates of a

near-by lioiisc, one of which had an attack of cholera, had caused

the contamination.

The cholera epidemic at Hamburg, occurring as it did in 1892,

after the methods of bacterial detection had been fairly well developed,

proved a most instructive though costly lesson in sanitation, and

its occurrence brought to the notice of the scientific men the dan-

ger of accepting the theory of purification of streams, without due

regard to conditions. To quote again from Frankland's Bacteria

in Daily Life-
—"In the year 18<Sr), Dr. Koch's new bacteriological

water tests had been introduced in the examination of the London

water supply and yet their acceptance at that early date had not been

sufficiently general to make their influence felt in many cities on the

Continent. The general public was waiting for a startling demon-

stration which came to hand in this cholera epidemic in Hamburg

and Altona. These two cities were both dependent upon the river

Elbe for their w^ater supply but, whereas in the case of Hamburg the

intake was situated above the city, the supj^ly for Altona was ab-

stracted below Hambiu'g, after it had received the sewage of a popu-

lation of nearly 800,000 persons. The Hamburg water was, there-

fore, to start w^ith, relatively pure when compared with that destined

for the use of Altona, but let us see what was the fate of these cities

as regards cholera. Situated side by side, in fact with nothing in

their surroimdings or the nature of their development to especially

distinguish them, in the one, cholera swept away thousands, while

in the other, the scourge was scarcely felt. In Hamburg the deaths

amounted to 1,250 per 100,000, while in Altona, to but 221. So

clearly defined moreover, was the path pursued by the cholera that

the street marking the division between the two cities showed numer-

ous cases of cholera on the Hamburg side and none on that of Altona."

In seeking an explanation of this anomalous situation it must be

remembered that the Hamburg water to start with was supposedly

in a comparatively pure condition, and had been delivered in Ham-
burg just as it was drawn from the river; whereas the Alto'^a water,
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though niiicli more foul when taken from the river, had been carefully

filtered through sand before delivery. Evidently the waters of the

Elbe had become infected by cholera germs above Hamburg, prob-

ably from a case on ship-board, and as no provisions for removing

the germs were made, they were able to enter the bodies of the in-

habitants and accomplish their deadly work. Altona's experience

gave abundant testimony to the efficacy of the sand filters, as these

were able to kill the large proportion of cholera germs which reached

the water supply through the infected sewage of Hamburg.

It is a curious fact, however, that after the ravages of the cholera

had almost died out in Hamburg, suddenly an unexpected epidem-

ic occurred in Altona,

which, affer a searching

inquiry by Dr. Koch,

was traced to the fact

that during the winter

one of the sand filters

had become frozen, ai.d

this rendered it incap-

able of retaining the

bacteria which passed

through it. As the wa-

ter supplied to the sys-

tem came from all the

filters, only one of which

was defective, the bac-

teria were so diluted

that this epidemic did not prove very severe. It is needless to add

that, with this severe experience as a lesson, the city of Hamburg

and, in fact, many other cities of the Continent, were not slow in in-

troducing filters in connection with their water systems.

Typhoid Fever. Notwithstanding the swift ravages of cholera,

its deadly attacks are comparatively infrequent, and, in addition to

this, our bacteriological friends have been able to bring the disease

under nearly perfect control. Not so, however, with typhoid fever,

which is much more prevalent and is moreover, difficult to regulate

owing to the slow develoj)ment of the bacillus. This micro-organism

does not make its presence known for about two weeks after infec-

Flg. 41. Typhoid death rates in American and
European cities, Albany, Ijawrence, and Hamburg, after
installation of filters; Chicago, after opening of the
sanitary drainage canal. The remarkable case of the
City of Washington, D. C, is purposely left out. There
the installation of a modern sand tiltration plant (No-
vember, 190.5), was followed in the next year (19u6) by a
higher typhoid death rate (4.93) than had been recorded
for either of the three preceding years (1903, 4, .50; 1904,

4.38; 1905, 4.39). (From Jordan's Probter/is of Sanitation.)

828



BAC'TKinoLoriV AXI) SAXITATIOX (;i

tioii lias oc'C'iirr(>(l, and coii.s('(|iicntly if this infection has come through

the water supply, all signs of the bacteria have disappeared from the

water in that length of time. Yet, in spite of these uncertainties,

the evidence has long pointed to the drinking water as being the

chief agent of infection in typhoid, and, therefore, the efforts of the

sanitarian have been to improve the condition of pul)lic water supplies

either by changing the sources or by the establishment of filters.

The improvements in Europe have been of a more substantial char-

acter than those in the United States as evidenced by statistics shown
in Fig. 41, these differences being largely accounted for by the fact

that the greater density of population in the old country necessitates

more care and inspection of the water and milk supplies.

To show the apparent round-about methods of the infections,

the case of Plymouth, Pa., in 1885 is cited, the facts, coming indirectly

from Dr. S. H. Taylor's report contained in the First Annual Report

of the Pennsylvania State Board of Health, 188G. Plymouth, at

this time, was a town of 8,000 inhabitants and hjld an apparently

excellent but limited supply of water from a mountain stream. On
this stream, the Plymouth Water Company had from time to time

established reservoirs to conserve the supply until, at the time of the

epidemic, it had a series of four such receptacles with a total capacity

of ten million gallons. The situation from the standpoint of the

sanitary expert was further complicated by the fact that the month

previous to the outbreak, pumpings from the Susquehanna river

were used to help out the reservoir supply which had been found

inadecjuate. In April, the typhoid storm broke and as a result, out

of 8,000 inhabitants 1,104 were taken ill with typhoid fever and 114

died. The investigations of this fearful outbreak proved, after

careful search and painstaking labor, that the company's reservoirs

had been at fault and that the whole supply had been contaminated

through carelessness in handling a virulent case of typhoid which

had occurred in a house situated on the bank of the mountain stream,

just below the highest reservoir.

A man in this house had a long illness of typhoid lasting from

January 2nd until April, and during the whole time, the night nurse

had made a practice of throwing out the excreta on the snow and

frozen ground near the bank of the stream. The spring rains of

March had undoubtedly washed this into the stream, therebv in-
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fectiiii:^ the third reservoir. On the evening of IMarcli 2()tli, the super-

intendent of the water company visited th(> r(\servoirs and found

practically no water in the first and second but a good deal in the

tliird, due to the fact that the pipe leading from No. 3 to No 2 had

l)een frozen up. The superintendent promptly had this thawed out,

which allowed the infected water in the third reservoir to enter into

the water system and produce the epidemic. Dr. Taylor in his con-

clusions, says:

"It is safe to say that this was one of the most remarkable epi-

demics in the history of typhoid fever, and it teaches us some import-

ant lessons, at fearful cost. One is, that in any case of typhoid fever,

no matter how mild, nor how far removed from the haunts of men,

TABLE II

Deaths per 100,000 Inhabitants

Concord, N. H
Manchester, N. H. .

Nasliua, N. 11

Lowell, Mass

Lawrence, Mass. . . ,

Haverhill, Mass . . . .

Newburyport, Mass.

From
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Dr. Seflgewick, durinf; the progress of liis monumental work as

biologist to the State Board of Health of Massachusetts, investigated

an epidemic of typhoid fever in the towns of Lowell and Lawrence,

which are both situated on the Merrimac river and obtain their water

from it in the raw condition. Several other towns of New Hampshire

and Massachusetts situated on this same river were like Lowell and

Lawrence as to

climateand pur-

suits, but, unlike

them, obtained

their water sup-

ply from pure

m o u n tain
streams and the

typhoid fever

mortality was

correspond ingly

low as shov.n in

Table IL*

During the

year of the epi-

demic,. 1890-91,

as will be no-

ticed by consult-

ing the table,

the typhoid
cases in Lowell

and Lawrence

jumped to near-

ly fh)uble the

normal, which

was in itself high enough. About 1,.')()0 cases were identified in

these two cities during the period of greatest infection and as

Lawrence was only nine miles below Lowell, it was evident that

in this case the theory of purification of streams had broken down.

It was very clear that a change of method was imperative and

the city of Lowell obtained a ground water supply while the city

From Sedgewick's Principles of Sanitation and the Public Health.
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session. It would be impossible to even review the mass of data

which was collected, but some of the most salient facts are taken from

Professor Jordan's monograph on N^dtural Purification of Htrcamn.

"Stripped of all technicalities, the question at issue in the suit

on the Chicago drainage canal really is, how far can typhoid bacilli

travel in the water of a particular flowing stream and arrive in such

a condition as, in the legal phrase, 'to constitute a menace and a

danger' to the iiihaljitants of a distant city or state. It is obvious

that the problem is not one of space so nnich as of time; that it is

not so much the distance over which a bacillus has to pass as it is

v(vr\j ^^(\^^ *^Ojf»» ^OiCy -^^^-ivj ^ fVjtVi **<\(ni ^-^ojf.) •vOj(\i *»'\i(\j •^•Hf\4 ~*'\j'^ ^*yMj

ll ^ ^^ 1^1 ^1 v^ ^ x^ i ^ .

Fig. 44. Curve Showing Bacterial Content in Mississippi and Illinois Kivers for One Year.
(From Government Report on River Pollution.

>

the time consumed in traversing the stretch of river between the two

points. The problem at bottom is essentially that of the longevity

of the typhoid bacillus in a given water, whether of a river or a lake.

As is well known, the conditions affecting this longevity are many and

varied, and the experimental evidence shows that the lengtli of life

of this micro-organism is greater in some waters than in others and is

influenced by a variety of concomitant conditions. Practically, then,

every inquiry into the alleged self-purijication of streams must partake

of the nature of an independent and separate investigation, and must,

for the present, be carried on without too much reference to the

results obtained under other conditions. It has rarelv been found
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possible to exjx'riiiuiit diicctly with the typhoid bacillus under con-

ditions identical with those obtained in a given river. It is therefore

necessary to rely provisionally upon data of an indirect and inferential

character, and it is these latter only that are ordinarily considered

in a study of any particular case. The indirect evidence is of several

kinds and of difTerent degrees of value."

Many cases are on record of the coincidence of water pollution

at a certain point with the appearance of typhoid fever at various

other points along a water course—with the allowance of a proper

TABLE III

Desplaines and Illinois Rivers, Chicago to Grafton

Stations
Collecting

Bridgeport.

Lockport. .

.

Jolict

Morris

Ottawa. . . .

LaSalle. . . .

Henry
Averyville.

Wesley City

Pekin

Havana. . .

Beardstown

Kampsvillc.

Grafton. . .

Distance
FROM

Bridgeport
IN Miles

29

33

57

81

95

123

159

165

175

199

231

288

318

No. OF
Colonies
PER c.c.

1,245,000

050,000

486,000

439,000

27,400

16,300

11,200

3,060

758,000

492,000

16,800

14,000

4,800

10,200

No. OF
Determina-

tions

19

30

28

26

20

31

29

30

22

29

20

26

19

28

time interval—such as the one already mentioned of the Merrimac

river; but, Professor Jordan continues, "No such relation could be

traced between the prevalence of typhoid fever in Chicago and St.

Louis. If such a connection obtained it would be supposed tliat the

curves (^f the disease would be much alike and that the St. Louis

curve would be slightly retarded in time. As a matter of fact a com-

parison made by the wTiter of the published deaths from typhoid fever

in these two cities by months and by years showed no relation what-

ever as evidenced by the curves, Fig. 44. Sometimes the Chicago

mininnnn and maximum rates ])recede those for St. Louis by a period

of from two to eleven months; sometimes they follow the latter, and
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sometimes they coincide with them. A similar outcome attended

the attempt to connect high water or low water stages in the Illinois

river with typhoid fever in St. Louis.

"The analytical data may next he considered. It is my opinion

that the ordinary chemical sanitary water analysis, at it- best of

doul)tful value,^ is not well adapted for throwing much light upon the

problem of the self-purification of streams. The chlorine determina-

tion can have practically no significance, and even the determination

of the nitrogen compounds is of little real importance. It cannot be

said that the process of decomposition and the processes that lead to

1.200.000
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"There is no reason to suppose that the typlioid })aeilhis is any

more resistant than the average sewage bacteria, and the ( norinous

reduction in the numbers of the latter shown in the table would seciii

to indicate a similarly high and speedy mortality among tyjilioid

bacilli introduced into a flowing stream.

"Considered as a general proposition, the self-purification of

streams has received more attention than its ])ractical imj;ortancc

would appear to warrant. Under actual conditions implicit reliance on

r 1^. 4.. j)ira>-i:-y«^ \H-\v oi Sedinientation Basin under Construction.
Showing Ross Pumping Station in the Distance.

the natural purification of a river water is usually misplaced. A stream

may conceivably rid itself of infection, if such infection be intro-

duced at only one point, but mipy, nevertheless, be so cxpo,sed to

contamination at other points along its course as to be totally unfit

as a source of public water supply. Efficient control over the water

sheds of such streams as the Mississippi, Illinois, and Missouri is

obviously quite impracticable. It is only mider such very lUiusual

conditions as exist along the lower Mississippi that a river has a

chance to work out its own .salvation. If continuous contamination

be withheld for a certain number of miles, or rather days, then .sr//-
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Fig. 18. luirodUL'liou of Graded Gravel in Filter Beds.

Fig. 4b. luierior of Filter Bed before the Admission uf Saua and Gravel.
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pur ip'ctif toil may hfconie a factor vvc^rtliy of consideration. Such a

coiulition is evidently rare.

"The other extreme of opinion is equally untenable. Such an
assertion as the following has been made, that 'water once polluted

is unsafe for domestic use unless artificially purified.' No such

sweeping statement can be justified unless based on a belief in the

immortality of disease germs. All that we know about the bacteria

of water-born diseases goes to prove that they never multiply in water

even when this is highly polluted, that they die out rather rapidiv,

and that even the few more resistant individuals lose their virulence

and do not long retain their power of producing infection."

The foregoing facts on the purification of water supply serve to

show to what extent the typhoid death-rate can be controlled by

proper sanitary precautions. In spite of these remarkable facts,

{here has been a noticeable slowness on the part of many communities

in profiting by the lessons which they teach. Many towns and cities,

especially in the United States, have remamed unobsen-ant and

negligent as if they were waiting for some local demonstration which

would cost many lives to prove to them that such precautionary

measures are necessary. A method that has not only reduced the

deaths from typhoid fever by about 75 per cent., but also has reduced

the number of cases proportionally, is worthy of universal adoption.

It is an admitted fact that if a new antitoxin were discovered which

would reduce the fatality of typhoid fever from 12 per 100 cases to

3, the world would sound the praises of its discoverer; nevertheless,

the fact that the introduction of a pure water supply has brought

about quite as large a reduction in the death rate, and has conferred

the added benefit of preventing the occurrence of a smaller propor-

tion of cases, not only causes comparatively little interest but actual

indifference on the part of the general public. On the other hand, a

number of American municipalties have installed expensive filtration

plants in an effort to obtain a pure water supply. The city of

Pittsburg has installed such a system, some of the details of which

are shown in Figs. 46, 47, 48, and 49.

Danger of Infection from Milk Supply. Of the many other

vehicles of infectious disease there remains only one which seems to

come within the scope of this article. It might be considered that

ice should be treated as a more or less dangerous carrier of micro-
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organisms, but it has been rather well proven that the scientific theory

that water purifies itself on, freezing still holds. Many analyses of

natural ice have been made and the only condition which brings

about any large degree of contamination is the case where the ice

forms in such shallow water that it is impossible for' the bacteria

already present in the water to avoid being imprisoned in the ice.

When we come to the subject of milk, however, this important

human food is found to be one of the most dangerous carriers of

disease that we have. For a long time milk was looked upon with

perfect security as being one of the natural foods which need give man

no cause for worry; but in late years, while maintaining its reputation,

even under the scrutiny of the chemist, as regards its food value, and

its comparative cheapness, it has sadly lost caste with bacteriologists,

and sufficient agitation has been developed to bring about tremendous

changes in the care which this product receives in its passage from

the cow to the human stomach. The main changes in the handling

process have been in the care exercised in milking the cows, the req-

uisite cleanliness to be observed, the bottling of the product soon

after it is taken from the cow—or if some of the modern sterilizing

processes are used, putting the milk in germ-free receptacles im-

mediately after sterilization—and finally, the keeping of the milk at

a comparative low temperature during the entire period.

Tiie milk is usually tested to find the number of bacteria per

cubic centimeter as follows: One c.c. of the milk is taken and

diluted with about 100 c.c. of pure water; then 1 c.c. of this diluted

li(iuid is mixed with sterilized gelatine and poured into a flat glass

dish and covered, to await the growth of the culture. Each bacte-

rium feeds upon the gelatine and forms its own colony, as shown by

the round dots in Figs. 50 and 51. By counting these dots and

multij)lying by the dilution factor, the number of bacteria present in

the milk is obtained. Evidently the sample shown in Fig. 50 is

much more free from the germs than that of Fig. 51.

Professor H. L Russell, of the Wisconsin Experimental Station,

cites in his litde volume on Dairy and Bacteriology, an instructive

experiment — as reported by Frankland in Bacteria in Daily

Life—which shows the possibility of preventing the milk from be-

coming infected by its surroundings when taken from the cow.

"A cow pastured in a meadow was selected for the experiment.
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and the milking was (l(jiic out of doors, so as to eliminate as far as

possil)le any intrusion of disturbing foreign factors into the e.\f>eri-

ment, such as the access of microbes from tlie air in the milking-shed.

The cow was first partially milked without any precautions whatever

being taken, and during the process a small glass dish containing a

layer of sterile nutrient gelatine was exposed for one minute beneath

the animal's body, in dose proximity to the milk-pail. The milking

was then interrupted, and before being resumed the udder and

Fig. 50. Culture from Sample of Pure
Milk (Heinemaun).

Fig. 51. Culture from Sample of Ortlinary
Milk (Heinemann).

legs of the animal were thoroughly cleansed with water; a second

gelatine surface was then expo.sed in the same place and for the same

length of time. The results of these two experiments are very in-

structive. ^Yhen the cow was milked without any special precaution

being taken, 3,250 bacteria were deposited per minute on an area

equal to the surface of a ten-inch milk-pail; after, however, the

animal had been cleansed, only 115 bacteria were deposited per

minute on the .same area.

"Thus a large number of organisms can, by very simple precau-

tions and very little extra trouble, be effectually prevented from

obtaining access to milk. Even in the event of the milk being sub-

secpiently pasteurized, clean milking is of very great importance;

but still more imperative is it when it is destined for consumption

in its raw, uncooked condition. If we consider how cows become

covered with dirt and slime, that obstinatclv adhere to them when
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they wade through stagnant ponds and mud, and realize the chance

thus afforded for malevolent microbes to exchange their unsavory

surroundings for so satisfactory and nourishing a material as milk,

then indeed precautions of cleanliness, however troublesome, will

not appear superfluous.

"That a very real relationship does exist between the bacterial

and dirt contents of milk has been clearly shown by actual investiga-

tion. A German scientist has made a special study of the subject,

and has determined in a large number of milk samples the amount

of foreign impuriti(\s present per litre, and the accompanying bacterial

population per cubic centimeter.

"The following results may be taken as typical of those obtained:

In milk containing 36.8 milligrammes of dirt per quart as many as

12,897,600 bacteria were present per cubic centimeter; in cleaner

samples, with 20.7 milligrammes of dirt per quart, the number of

bacteria fell to 7,070,820; whilst in a still more satisfactory sample,

containing 5.2 milligrammes of dirt per quart, there were 3,338,775

bacteria per cubic centimeter.

"Such results indicate how important a factor is scrupulous

cleanliness in milking operations in determining the initial purity

of milk, for there is no doubt that bacterial impurities in milk are

in the first instance, to a very great extent, controlled by the solid

impurities present. ... It follows as a natural sequence that

all the cans and vessels used for dairy purposes should be absolutely

beyond suspicion of contamination. Professor Russell has shown

by actual experiment that, even where the vessels are in good con-

dition and fairly well cleaned, the milk has a very different bacterial

population when collected in them and in vessels sterilized by stenm.

"Two covered cans were taken, one of which had been cleaned

in the ordinary way, and the other sterilized by steam for half an hour.

Previous to milking, the animal was carefully cleaned, and special

precautions were taken to avoid raising dust, whilst the first milk,

always rife with bacteria, was rejected. Directly after milking,

bacterial gelatine-plates were respectively prepared from the milk

in these two pails, with the following results: In one cubic centi-

meter of milk taken from the sterilized pail there were 165 bacteria;

in that taken from the ordinary pail as many as 4,265 were found.

"Another experiment illustrates perhaps even more strikingly
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the ett'ect of cleanly operations in milking upon the initial bacterial

content of milk. The preliminary precautionary measures were

carried out hy an ordinary workman, and are in no sense so refined

as to be beyond the reach of ordinary daily practice. 'The milk

was received in steamed pails, the udder of the animal, before milk-

ing, was thoroughly carded, and then moistened with water, so as

to prevent dislodgment of dirt. Care was taken that the barn air

was free from dust, and in milking, the first few streams of milk were

rejected. The milk from a cow treated in this way contained 330

Fig. 52. A Cuban Milkman.

bacteria per cubic centimeter, while that of the mixed herd, taken

under the usual conditions, contained 15,500 in the same -volume.

The experiment was repeated under winter conditions, at which time

the mixed milk showed 7,600 bacteria per cubic centimeter, while

the carefully secured milk only had 210 in the same volume. In

each of these instances the milk secured with greater care remained

sweet over tw^enty-four hours longer than the ordinary milk.'
"

To illustrate the effect of temperature upon the ability of the

bacteria already present in the milk to breed successfully, Table IV,

taken from Jordan's General Bacteriology, is here presented.
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^Yhell it is remembered that the minimum number of bacteria

which is considered safe by the Board of Health is 500,000 in each

cubic centimeter, and further that a temperature as low as 4 to 6°C.

—

equivalent to 38 to 42°F.—produces a great amount of sluggishness

in the bacteria, it will be realized to what an enormous extent these

active little organisms must multiply at a temperature considerably

higher than these. The temperature of the milk in the goat-skin

bags which the Cuban milkman has upon his horse. Fig. 52, must

be highly conducive to bacterial breeding, to say nothing of the many

other hygienic defficiencies shown in his outfit, and yet this picture

represents a condition which can be seen to-day in alm.ost any locality

in Cuba. The figures given in Table IV are based upon the number

of bacteria found in each cubic centimeter of milk.

TABLE IV

Showing Effect of Age and Temperature upon Bacteria Content
per c.c. of Milk
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in flavor due to the boiling, and in the alteration of the milk so as to

make it less digestible, especially for infants. This disadvantage

has led to a process known as pasteurization, so called in honor of

Pasteur. This process consists in heating the milk to about 100 °F.,

which temperature is maintained for from 20 to 30 minutes, a sufficient

time in which to kill all disease germs and most of the harmless germs

which produce fermentation of the milk and yet produce only a slight

alteration in the taste. The processes of producing condensed milk

and cream and modified milk are hardly along the line of general

milk supply and need not be discussed. Enough has been said,

however, to show that attention must be directed with extreme care

to the supplies of milk which are introduced in our homes and that

this useful product is on a par with our water supply as a fertile

source of disease.

The Author wishes to acknowledge having gathered his material largely from the

following sources: Setigewick's Principles of Sanitary Science and Public Health (Ap-
pleton); Frankland's Bacteria in Daily Life (Longmans. Green & Co.); Eliott's House-
hold Bacteriology (American School of Home Economics); and Jordan's General Bacteri-

ology to which the student who designs to pursue further reading is referred. The
bibliography of the sul^ject of sanitation is particularly complete in Ur. Se<lgewick's

work. The Author also wishes to express his appreciation of the friendly assistance

and advice of Professor Jordan and Dr. Heinemann of the LTniversity of Chicago.
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REVIEW QUESTIONS.

PRACTICAL TEST QUESTIONS.

In the foregoing sections of this Cyclopedia nu-

merous illustrative examples are worlied out in

detail in order to show the application of the

various methods and principles. Accompanying
these are examples for practice which will aid the

reader in fixing the principles in mind.

In the following pages are given a large num-
ber of test questions and problems which afford a

valuable means of testing the reader's knowledge

of the subjects treated. They will be found excel-

lent practice for those preparing for Civil Service

Examinations. In some cases numerical answers

are given as a further aid in this work.
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RF.VIKW QUKSTTONS

ON THK MtTItJKOT OK

HYDRAULICS

1. AVlmt will l>e tlie exact weicrlit of 1 I'. S. crallon of dis-

tilled water at a teiiiperaturo of ICAV F.?

2. IIow luucli higlier will a water barometer stand at a place

500 feet above sea level than it will when 4,000 feet above sea

level ?

3. Assuming that it is ])ractic'able to lift water by suction a

distance equal to three-fourths the theoretical height as shown by

the water barometer, how high is a suction lift practical)le at a

place located 6,000 feet above sea level ?

4. "What will be the pressure per sq. inch on the bottom or

side of a vessel containing M'ater, at a point 20 feet below the

water surface i

5. In Fig, 2, how heavy a weight W will be supported by a

weight 1* equal to 100 pounds, the area of W being 20 sq. in. and

that of F. being 2 s(p in.?

0. AVhat is the total pressure on the side of a vessel 10 in.

wide and filled with water to a depth of 8 inches?

7. What is the pressure on the face of a plate 10 X 10-in. in

area, inclined at an angle of 10' from the vertical, and submercred

SO that the center of the plate is 30 in. below the surface?

8. What are the horizontal and vertical components of the

pressure in question 7 ?

9. A\^hat is the stress ])er sq. in. in a pi})c 10 in. internal

dianu'ter and ^ in. thick, under a pressure head of water of 100

lb. per S(p inch ?

10. If the safe stress on cast iron is o.OOi) lb. per sq. in.,

what is the necessary thickness of a cast iron ])ipt^ 12 in. in diam-
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cter to I'csist :i burslinn; ])i"('ssiii-(' diit' to :i liciid of walci" of lo()

ft-el ?

11. AViiat is tlie total pressure on tlie ^'ertic•al face oE a dam
one foot long and Laving a depth of water in front of it of 25 feet ?

12. At what depth is the center of ])ressure in question 11 ?

18. AVhat will be the buoyant effect exerted upon a sul)-

nierged body having a volume of 2,000 cu. in.?

14. Is the buoyant effect U])on a Ixxly different mIumi the

body is ])laced at different depths in the water, l)eing Avliolly suit-

merged in all cases?

15. A l)ody of a specilic gravity of 1.5 is sultmcrgtMl.

What will l)e its weight in air ])er c.ul)ic foot of ^olum(' ? What

will l)e its weiirht in watei* ?

10. How should orifices be made to be relial)le for measuring

water ?

17. What is meant 1)y the "coefficient of contraction"? The

"coefficient of discharge?"o

18. If the coefficient of discharge is .(5 what will be the dis-

charge through an orifice 2 in. in diameter, under a head of 2 feet ?

19. If the coefficient of contraction is .05 in question 18,

what is the actual area of the jet at its reduced section ?

20. Using Tables 8 and 4 what is the discharfre from a

round and a square orifice under a head of 10 feet, the oritices

])eing respectively in. in diameter and (5 in. X in. square?

21. What is the discharge of a S(piare orifice of the same

actual rr/v^a as the round orifice of (pu'Stion 20, and under tlu^

same head ?

22. Using a coellicient of dischai'o-c (d' .00 ^hat is tlie nec-

essary diameter of a round oi-ificc to discharge 2 en. ft. ])er second

under ahead of 20 ft.?

28. How should a weir be ai'i-angt'd to give I'eliable results

in the measurement of water ?

24. AV'hat is meant by the "velocity of appi'oach"?

25. Using Table No. 7, what is the discharge of a M'eir 5 ft.

long under a head of 12 inches?

20. Using formula 25, what will be the answer to question

25 ? AVhat is the difference between the two methods in ])er cent?
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REVIEAV QUESTIONS
ON THE SUB.IKt'T OP"

WATER SUPPEV
PART I

1. IIow (Iocs the use of water vary month by month and day

by day?

2. IIow do surface and ground waters compare generally as

to quality ?

3. What is a fair amount of water consumption per capita for

various purposes?

4. If rain is falling at the rate of 4 inches per hour and the

run off is one-half as fast, what will be the flow in cubic feet per

second from a drainage area of 10 square miles?

5. If the least annual run-off of a drainage area of 10 square

miles be equal to 8 inches in depth, how many people will this provide

for if the consumption averages 100 gallons per head per day, assuming

there is storage capacity sufficient to utilize all the run-off for the year ?

6. What storage capacity will be required in the above case

if all the 8 inches runs into the reservoir in o months, leaving 7 months'

demand to be met from the reservoir?

7. What conditions make it possible to secure artesian wells?

8. In what sort of material are we likely to find the most

ground water available?

9. About what rate of consumption for fire purposes would be

expected in a city of 25,000 inhabitants?

10. What causes the occurrence of springs?

11. AMiat causes water to flow through the ground?

12. What are the most important uses of a public water supply ?

13. What are the advantages and disadvantages of timber

dams ?

*C5^

361



REVIET^^ QUESTIONS
ON THE SUBJECT O V

AYATER SUPPLY
PART I I

1. Calculate the necessary tliickness of a cast-iron pipe 12 in.

in diameter, to carry a water ]>ressure of 175 11j. per scj. in.

2. If east-iron pipe costs ^iJO.OO per ton, what will be the

cost of one mile of S-in. ])ipe designed for a 250 ft. head?

3. Under what conditions are masonry conduits the most

suitable forms of conduit for carrying water?

4. Compare the masonry conduit w ith iron pipe in regard

to cost, durability, and the conditions under which they are the

best form of construction.

5. When may conduits of vitrilied clay pipe be used to ad-

vantage?

C. AVhat is the function of a distributing reservoir?

7. Under what conditions is it desirable to employ reser-

voirs of earth; of ujasonry; of steel in the form of tanks or

towers?

8. What capacity must a tank have to store water suffi-

cient for one hour's lire use at a reasonable maximum rate in a

town of 8,000 inhabitants?

0. What is the use of puddle in reservoir walls?

10. What precautions are to be observed in the construc-

tion of reservoir embankments?

11. What are the advantages of covered reservoirs?

12. Determine the thickness of a stand])ipe at points 10

feet apart from the top downward whose dimensions are: height

120 ft.; diameter i>i ft.
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REVIEAV QUESTIONS

ON THE S uruJEOT OK

CHEMISTRY

1. \\Tiat <lo you understand by an aton.^ A^niolecnle?

2. What is the stanchird of molecular ^veight {

a ^'aine all the. elements you have ever seen.

4'
AVithout lookin<r at the table on page 7, write the symbols

of in",n caleium, sodiun., lead, carbon, sulphur, aluminum

silver, oxygen, chlorine, hydrogen, potassium, nitrogen, zinc and

magnesium.
^

5 AVhat is the law of conservation of matter .

c' Write the formula for water, common salt, sulphuric

.acid, sodium carbonate, carbon dioxide, lime, ammonium hydrate,

hydrochloric acid, nitric acid, and sulphur.

7. Write the e(iuation of sulphuric acid on lime (calcium

''''''^t. What is the atomic weight of oxygen, carbon, nitrogen,

iron, calcium ?

9 AVhy is distilled water pure I

10. What is -hard" water ? What is the cause of temporary

hardnes's > What is the cause of permanent hardness ?

11 Give the molecular weight of common salt, INaOl; ot

sodium' carbonate, W.f^O:, of sulphuric acid, U,SO/, of ammo-

nium sulphate, (]S^H,),SO,.
.

12. ^'ame the two principal processes for making sodium

carbonate.
,

, •

13. What are the products of combustion when coal is

burned in plenty of air '.

li. AV^hat happens in a chemical change {
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REVIKW QUESTIONS

ON THE SUB.IKOT OF"

BACTERIOLOGY AND SANITATION

1. Civc briefly the process of fermentation of any frnit jnice.

AVliat is the result of the fermentation?

2. Wliy will grape jniee, when heated and plaeed immediately

in clean, air-tight bottles, remain sweet almost indefinitely?

;>. Clive Itriefly tlie work done by Louis Pasteur in developing

bacteriology.

4. In what particulars are solid cultures an inij)rovement over

liquid cultures?

5. Show how Koch proved that the bacteria were the cause

and not the rcsidf of the disease.

G. Name the three classes of bacteria according to form.

Can you put any of the well-known bacteria in the t-lass in which

they belong?

7. Are bacteria all harmful? If not, name some useful types

and show how they help.

8. In what ways are the noxious bacteria harmful to man?
0. What do you imderstand by vital rcsisfaiicrf

10. Can you give the reason for a person, who has been work-

ing hard for some time, taking cold and contracting pneumonia, say,

whereas under ordinary circumstances the attack would probably

have been confinetl to a bad cold?

11. How many things can you name which will bring al)out an

imnnniifi/ from disease in a jxtsou?

12. What are Uie phayocijics, and what is one of (hcii- important

functions?
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