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TEND

Parents’ and Citizens’ Meeting

LARIMER SCHOOL
DEWEY SCHOOL
FOSTER ST. SCHOOL

Thursday, Dec. 12, 1912

8 o’clock p. m. sharp

To consider the plan proposed for building a filtration plant to
furnish a clean and pure water supply for all citizens of
Evanston at all times.

Full information will be given on this important subject by
competent speakers.

Whether for or against filtration have an intelligent reason
for your vote.

Opportunity will be given for quéstions and open discussion.

A large attendance of parents and citizens is desired.

Ladies Specially Invited

Frank R. Grover, George P. Engelhard, Mayor Paden and others will speak.

ATTEND



CITY OF EVANSTON, ILLINOIS

JOSEPH E. PADEN, Mayor

Special Committee of the Council
1911 and 1912

CHARLES B. CONGDON, Chatrman

PERKINS B. BASS WILLIAM H. KNAPP
JOHN W. BRANCH CHRIST WITT
VICTOR A, ROSSBACH SAMUEL TOPLIFF

Water Committee of the Council
1912 and 1913

WILLIAM H. KNAPP, Chairman
CHARLES B. CONGDON HOWARD M, CARTER

Consulting Engineers

* WALTER W. JACKSON LANGDON PEARSE




REPORT ON FILTRATION BY THE SPECIAL
COMMITTEE OF THE COUNCIL

Submitted April 16, 1912

To the Mayor and Aldermen in Coun-
cil Assembled:
Gentlemen:—

The joint committee to which on
Jan, 9, 1912, you referred the ques-
tion of water filtration, herewith sub-
mit a final report of its investigations
and conclusions. A preliminary ve-
port was made under date of March
5, 1912,

Plants Visited.

The following filtration plants were
inspected, to-wit:

Rogers Park, Rock Island, and Mo-
line, Illinois.

Davenport, Burlington and Ottum-
wa, Iowa.

Cincinnati and Toledo, Ohio.

New Orleans and Algiers, Louis-
iana,

Niagara Falls, New York.

Louisville, Kentucky.

Kansas City, Kansas.

Detailed information obtained as
to size, construction, equipment and
operation of the filtration plants vis-
iled is contained in formg accom-
panying this report. The forms were
prepared for such use prior to the
inspections. In considering thig data
due allowance should be made for
the fact that limited time and vary-
ing conditions met with, necessitated
omissions and approximations and
precluded obtaining as complete rec-
ords as might otherwise have been
secured.

Rapid-sand filters of the “gravity”
or ‘“open” type are used at all of
the filtration plants visited except
Rogers Park and Davenport.

Rapid-sand filters of the “pressure”
or ‘“closed” type are used at Rogers
Park and Davenport. No slow-sand
filtration plants were visited. The
large settling basin of the Kansas
City, Mo., water supply was vigited.
Here the method of purification em-
ployed is sedimentation with chemi-
cals and without filtration.

- Lake waters are dealt with at Rog-
ers Park and Niagara Falls, River
waters are dealt with at all other

plants visited, except Toledo. The
Toledo plant sometimes deals with
Lake Brie and sometimes with Mau~
mee river water, depending on flood,
wind and ice conditions.

The raw lake waters dealt with at
the filtration plants visited are rea-
sonably free from color, odor, taste
and objectionable mineral contents.
Removal of suspended impurities, in-
cluding bacterial organisms, is the
chief end sought by purification of
these lake waters.

The lake waters dealt with at these
two plants are analogous to the Ev-
anston supply in that sewage con-
tamination, turbidity due to storm-
roils, befoulment from shipping and
dredging, and other accidental pol-
lution occasion the demand for purifi-
cation, These lake waters vary some-
what in their physical, chemical and
bacteriological character, but may be
clagsed as quite constant in compari-
son with river or ground waters,

The river waters dealt with at the
several plants named differ widely, one
with another, as regards physical,
chemical and bacteriological charac-
ter. Sudden and wide fluctuations
frequently occur in the same supply.
The fluctuations are due to many vari-
able factors. They are influenced by
agricultural and commercial activities
throughout the area drained by the
river above the intake, Floods are an

important factor and their influence:

varies with regard to season, intensity

and frequency of their occurrence. Ice:

formations and other natural pheno-
ena exert varying influences.

The successful purification of varia-
ble river waters is obviously a more

complex, difficult and expensive under-

taking than would be the purificatiom
of lake waters which are fairly con-
stant’in character. The physical im-
provements wrought by filtration of
the river waters at the plants vigited
are therefore all the more striking.
‘Waters, excessively turbid, repulsive
to sight and taste at times, and laden
with impurities from sewers and vari-
our sources are, by the methods em-
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ployed, rendered clear, attractive and
‘wholesome. Chemical and bacterio-
logical tests, and studies of the vital
statistics, confirm an improvement in
the hygienic qualities of properly fil-
‘tered waters no less striking,

Clearness alone is not a safe index
to the purity of a drinking water, A
$trikingly clear water can be laden
with -disease germs. Such a water by
virtue of its clearness will often prove
a greater menace to the health of a
community than a turbid water free
from pathogenic germs.

Clearness is not infrequently a dis-
gulse to dangerous pollution in a
drinking water. This is especially
true if the temperature and taste of
the water are agreeable, These at-
tributes frequently oceasion disregard
of warnings sounded by the health au-
thorities against its use.

. Modern sanitary science demands at
least two requisites of a water before
it can be approved as entirely suitable
for drinking, viz:

. 1. The water must be attractive to
the eye, odorless and tasteless.

2. The water must be free from
disease producing organisms,

The relation of typhoid fever death
rates to a sewage-polluted water sup-
ply is so characteristic that these
deaths are regarded by sanitaridns
as g fairly accurate index to the
quality of water furnished a com-
munity, Dr, McLaughlin states the
relation is so well known that it
seems nnnecessary to dwell upon it.
- Due allowance should be made for
special and sometimes peculiar local
conditions ang environments in
aveighing vital statistics. It often, in
fact usually, happens that in g city
furnished
citizens do not use the public water
supply exclusively., This condition ig
brought about sometimes by the fact
that the system of maing has not been
extended to all parts of the city and
wells must be depended upon, The
drainage system of such a district is
ugually lacking., Out door privies are
used and soil pollution inecreases rap-
idly with density of population. Ty-
phoid fever, and other water-borne dis-
eases usually prevail at a high rate in
fuch sections and will discredit the
value of the improved water supply if
due allowance is not made for the un-
favorable conditiong existing, =~

with filtered water, all”

Pittsburgh, Pa., is provided with a
modern slow-sand filtration plant
which went into service during De-
cember, 1907, Dr. Allan J, McLaugh-
lin of the U, S. Public Health and Ma-
rine-Hospital service in his paper read
before the Illinois Water Supply asso-
ciation at Urbana, Iilinois, on March
5, 1912, calls attention to a persistent
high typhoid death rate in Pittsburgh
attributable to failure to furnish a fil-
tered water supply to certain portions
of the city. He states:

“As an instance of high (typhoid)
rate due to failure to furnish filtered
water to all the people, the experience
of Pittshurgh is interesting. The fl-
ter plant in Pittsburgh was first put in
operation November, 1907. But a
small portion of filtered water was
supplied at first and this was mixed
with the unfiltered supply. The
amount of water filtered was increased
until October, 1908, when the supply
of that part of the city between the
rivers—about threefifthg of the total
population—wag filtered.

“The south side, a little less than

-one-fifth of the entire population, was

supplied with filtered water in March,
1909, The former city of Allegheny,
recently annexed, is not yet supplied
with filtered water. Thig part of the
city includes a population of ahout one-
fourth of the entire city.

“There was a remarkable decreage
of typhoid fever in Pittshurgh pro-
gressively coincident with the increase
of area supplied with filtered water,
In spite of all this remarkable reduc-
tion two points stand out prominently:
First, the rate is gtill high (1910),
and second, the seasonal distribution
suggests water as a prime factor, BEx-
planation of these two points is fur-
nighed by a stndy of the cases as
shown in the following table, from
which it is clear that this high rate
was due entirely to the abnormal rate
in Wards 21 to 27, inclusive:

Table.

Total population of Pitts.

burgh .............. ..... 553,905
Total deaths typhoid fever.. 115
Death rate per 100,000, en-

tire city ..... 21.3
Death rate per 100,000, wards

1020, ..c00vuuu..s, e 13.4
Death rate per 100,000, wards

2L t0 27, 4679
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“Wards 1 to 20 were supplied with
filtered water. The aggregate popula-
tion of these twenty wards was 401,
622. The typhoid fever death rate per
100,000 in 1910 was 13.4. Wards 21 to
27 comprige the old city of Allegheny
and have a total population of 132,283,
This section received unfiltered water,
The typhoid fever death rate per 100,
000 in this section in 1910 was 46.9.”

Too many citizens will cling to
wells and privies long after sewers,
water mains, and a wholesome public
water supply are available unless
there is ample power vested in and
exercised by the authorities to compel
their abandonment, and to enforce the
adoption of safer and cleanlier meth-
ods.

There are many street wells to he
found in service today in the city of
Louisville, Ky. These wells stand near
the curb lines.

Street drainage basins and other
sewer appurtenances are frequently
found within a few feet of the pump.
Louisville hag *an excellent public
supply of filtered water. Still the
typhoid death rate per 100,000 was
45 for 1909 and 31.7 for 1910,

Toledo, Ohio, hag an admirably con-
structed filter plant which went into
service early in 1910 and ig operated
under expert supervision, The per-
centage of persons using city water In
Toledo is, however, low, compared
with most cities. Owing to the ap-
pearance and general character of the
public water supply before filtration
was established many citizens would
not use.the city water and the number
of wells in Toledo has always been
large. It is considered probable that
one-half of the population were still
using well water at the close of 1910,

An analysis of 59 cases of typhoid
fever reported to the health officer in
Toledo from November, 1910, to March,
1911, showed the relation of cases to
source of water supply to be as fol-

.lows:

Source of Typhoid
water supply. cases,
Wells ............ e R 3 |
City water ................. ceena 17
Bottled water ................. . 1

Total.....................0. 59

‘It is stated in a recent official pub-
lication dealing with the Toledo water
supply that:

“Unfortunately the board of health’
lacks or does not exercise full au-
thority over dangerous contaminated
wells, After discovery of a dangerous:
contaminated well the board of health
limits its activity to affixing a notice
on the pump setting forth the danger-
ous character of the water. In many
cagses the householder and the neigh-
bors continue to use the water.”

The foregoing citations are ample to
illustrate why it is very necessary, in.
consulting vital statistics for the pur-
pose of learning the benefits derived
from the establishment of a filtered
water supply, to have the Tecords for
several years prior and subsequent to
the installation of the filtration plant.
Otherwise the statistics may be only
coincident and not congistent, and con-
clusiong as to the real value of the im~
proved water supply and its contribue
tion to the health and comfort of the
community based on such statigties
might prove misleading,

The following statistics relative to
typhoid fever .death rates in nine
American cities before and after the
establishment of an improved water
supply cover a number of consecutive
years before and after the improved
supply, and are deemed consistent,

Reduction in Typhoid Death Rate Fol-
lowing Filtration of Water Sup-
ply for Nine American Cities.

Reduction
Deaths per 100,000. per
City. Before. After. cent,.
Albany, N. Y......... 104 28 73
Binghamton, N, Y..., 49 11 78
Cincinnati, O, ........ 69 13 81
Columbus, Q. ........ 46 9 8%.
Lawrence, Mass. ....., 120 26 8.
Loraine, 0. .,.... veel 91 19 72
Paterson, N, J........ 36 9 75
Philadelphia, Pa. .... 72 21 1
Watertown, N, Y...., 97 27 72
General average ..... 76 18 76
Evanston, average for

past five years....., 27 . ‘e

Reduction in Typhoid Death Rate Fol-
lowing Filtration of Water Sup-
ply for Four European Cities.

Reduction

Deaths per 100,000, per

City. Before. After, cent.
Berlin, Ger, ........ JA11 11 9¢
Hamburg, Ger. ...... 47 7 86
London, Eng, ....... L 98 14 |, 8¢
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Zurich, Switz, ....... 76 10 87
Average . 83 10 87

Although there is a wide range in
the typhoid death rates shown in
these tables, nevertheless there is a
very striking agreement in the per-
centage of typhoid death reduction
following filtration.

The fact that most of the American
plants given in the table deal with
river waters may suggest inquiry as
to what results might be expected
in dealing with lake waters.

The filtration of supplies drawn
from the great lakes is not general,
nor of long enough duration to af-
ford statistics that are conclusive.
Lorain, ‘Ohio, has a lake supply. The
percentage reduction in typhoid
death rate following filtration is 79
per cent. This is above the general
average of the nine American cities
given in the table.

Statistics for the years from 1890
to 1896 show the typhoid fever death
rates for 100,000 population to be as
follows: .

For five largest American cities

on the great lakes .
For five largest American cities

on rivers

Statistics show that for each death

from typhoid, at least ten cases of -

the disease usually occur and entail
suffering and financial loss.

Btatistics further show that for
each life saved from death by ty-
-phoid fever through improvement of
the water supply there follows a fur-
ther saving of from three to four lives
from other diseases,.

The superiority of average KEuro-
pean public water supplies over the
average American public water sup-
ply, with respect to purity, is prover-
bial,

Dr. McLaughlin, in his paper of
March 5, 1912, hereinbefore referred
to, gives the following comparison
between the average typhoid death
rate in the principal European and
American cities:

Deaths per
100,000 from
typhoid
Unit of Aggregate fever
comparison, population. 1910,
Thirty-three principal :
cities in  Russia,

Sweden, Norway,
Austria - Hungary,

s

Germany, Denmark,

France, Belgium,

Holland, England,

Scotland and Ire-

land .............. 31,600,000
Fifty American cities

of 100,000 inhabit-

ants or over..,.... 20,250,000
Excess of deaths from

typhoid fever in

American cities ...

He further adds:

“So that on an average in every
100,000 population we had, compared
with European results, 18.5 deaths
and at least 180 cases of typhoid
fever which should mnever have oc-
curred. A conservative estimate for
1910 will place the deaths from ty-
phoid fever above 25,000,

‘“The excess of 18 deaths per 100,-
000 in the wurban population alone
shows that we have had in the fifty
cities mentioned above, at least 3,600
deaths and probably 36,000 cases of
typhoid fever which were preventable
and should never have occurred. For
the whole United States the number
of cases for each year preventable by
methods within our grasp would prob-
ably reach 175,000 and the deaths so
avoided would total 16,200, In 1909
there were more -cases of typhoid
fever in the United States than there
were cases of plague in India, inh spite
of the fact that India’s population is
two and one-half times that of the
United States.”

The Evanston water supply is
drawn from Lake Michigan through
a cast iron intake pipe laid directly
on the lake bottom without dredging,
except near the shore end. :

The inlets on this intake are locat-
ed one and one-sixteenth mile, or in
other units fifty-six hundred feet, off
shore. The inlets are thirteen in
number and are grouped at the lake-
end of the intake pipe. Their posi-
tion is nearly due east of the pump-
ing station, which station is two
blocks south of the U, S. light house,.
The inlets consist of 42-inch standard
cast iron tees, set in.the 42-inch in-
take pipe line. The single-end branch
is set vertical, This method of plac-
ing the tees brings the openings into
a horizontal plane, five feet above the
lake bottom. The lake is thirty feet
deep at the end of the intake. It will
be observed that by this arrangement

6.5

25.0

18.5
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the water is drawn from a distance
of twenty-five feet below the surface,
and five feet above the bottom of the
lake. Woven wire screens, having a
half-inch mesh, are set down inside
the bells of the tee openings.

The lake is thirty feet deep at the
inlets and thirty-three feet deep
three miles off shore,

The bottom of the lake at the end
of the intake is covered with cobble,
smaller stone and gravel. There is
a zone of soft bottom, a few hundred
feet in width, that lies with its east-
ern border some three or four hun-
dred feet west of the inlets,

The depth of Liake Michigan off the
pumping station site, shown Dby
U. 8. government soundings, is as fol-
lows:

Distance off shore Depth of lake

In Miles. in feet. in feet,
T e 5,280 21
for T O (N 5,600 30
2 e 10,660 35

3 e 15,840 33

4 L. ...21,120 40

5 L. ... 26,400 45

6 .. 31,680 55

T e 36,960 65

8 e 42,240 70

- *Denotes location of inlets on in-
take pipe.

Studies by government engineers
and various other investigators indi-

«3

cate that freedom from storm-roils
or turbidity and wave action cannot
be obtained unless the intake inlets
are located in from 50 to 70 feet of
water.

These inlets are located as follows
with reference to sewer outlets:

Sewer. Size., Miles. Feet.
Keeney street ..80-in, 2 7-16 12,870
Main street ....36-in. 2 2-16 11,220
Davis street ....48-in, 1 9-16 8,250
University place.72-in, 1 616 7,260
Forest avenue

(Wilmette) ...54-in. 2 7-16 12,870

These sewers serve a population of
30,000, as shown by the U. S. census
of 1910.

It may be of interest to add that
there are thirteen main sewers emp-
tying into Lake Michigan between
the south line of the city of Evanston
and the north line of the sanitary
district of Chicago, which district
line is the north line of Cook county
and approximately the north line of
the village of Glencoe, These sewers
gserve a population of 86,500, accord-
ing to the U. 8. census for 1910.
There are three water supply intakes
within the same limits serving the
same -population.

The distance of the Evanston water
intake inlets off shore, as compared
with the other Illinois supplies taken
from Lake Michigan, are as follows:

Distance off shore.
In miles. In feet.

Supply designated.

Chicago, Hyde Park Crib........ eeal2
Chicago, Four Mile Crib............. 4
Chicago, Carter Harrison Crib....... 2
Chicago, Lake View Crib............. 1
Rogers Park (Chicago)..............
Evanston and Wilmette.....,........ 1
Kenilworth .. ........... ...
Winnetka ...... PN
Highland Park ,.....
Lake Forest ........covviveiinenns .
Lake BIuff ......c.ovviivnne RN
Waukegan ...........

Treatment, if
any, of water.

3-8 12,500 Hypo process
. recommended,
21,120 Sewage diversion.
5-8 13,860 Sewage diversion.
7-8 9,900 Sewage diversion,
5-8 3,300 Filtered.
1-16 5,600 Hypo process
recently installed.
7-16 2,400 Filtered.
9-16 3,000 Hypo process
recommended.
3-8 2,000 None.
1-2 2,640 Filtered.
1-2 2,640 Filtered.
3-4 4,000 Hypo process

recently installed.

The HEvanston water intake inlets
are located some four or five miles
nearer the shore than the path of
lake Dboats plying between Chicago,
Waukegan, Racine and Milwaukee.

The character of the Evanston
water supply has been studied for sev-
eral years by the local health authori-
ties, by chemists and bacteriologists
engaged by the city for the purpose,
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by the Illinois State Water Survey,
by the Lake Michigan Water Commis.
sion, and by other sanitarians. Many
of these investigations were made be-
fore the intake was extended in 1908-
09, from a point one-half mile to its
present distance one and one-sixteenth
mile off shore. These investigators
agreed in their findings.

The water is considered safe for
use without boiling or filtering on
many days, but frequently unsafe for
use without boiling or filtering,

The city now has a complete labora-
tory of its own, - Frequent examina-
tions of the water supply are being
made under conditions of sampling
and testing more conducive to correct
conclusions. These tests indicate that
the extension, which cost $88,000, was
a necessary improvement,

Evanston’s typhoid death rate of 27
per 100,000 population is double that
of Chicago. It is two above the aver-
age for the fifty American cities
given in the preceding table, Typhoid
fever is practically nil in Rogers Park,
Kenilworth and other Illinois towns
supplied with filtered water from
Lake Michigan,

Recent outbursts of typhoid and
kindred diseases have occurred along
the shore of Lake Michigan north of
Evanston where unfiltered lake water
is supplied. Places furnished with
filtered water have escaped typhoid.

. The Chicago supply from the Hyde

Park or Sixty-eighth street crib is so
situated as not to receive much bene-
fit from sewage diversion. Hypo-
chlorite of lime treatment (Hypo
process) has been recommended as
an emergency treatment of the water
supply for this crib, Waukegan has
recently installed a hypo plant,

‘Winnetka has recently recommend-
ed and is proceeding to install a hypo
plant,

Bvanston installed a hypo plant the
latter part of December, 1911, as an
emergency measure and thereby
checked a typhoid fever epidemi-
These concrete facts, fogether with
tangible evidence, such ag the befoul-
ment of nets spread in the lake at no
great distance from the inlets on the
water intake, justify and confirm the
conclusion that would be forecasted by
a study of statisties, namely, that the
water supply of Bvanston, in common

With neighboring supplies drawn from
Lake Michigan, is occasionally seri-
ously polluted with_sewage,

Artificial purification of all surface
water supplies is demanded by ad-
vanced standards and knowledge of
sanitary science and art, Such treat-
ment is a legal requirement in Gex-
many, Dr. McLaughlin, an eminent
authority, says: “When cities have a
DPublic water supply polluted by sew-
age or admittedly exposed to pollu-
tion, the obvioug thing to do is to fil-
ter or treat the water and protect the
public from infection.” -

Numerous methods for artificial
purification of waters intended for a
bublic supply have been proposed and
tested, Only a few methods have been
found feasible ang received more or
less general adoption, Sedimentation,
sterilization ang filtration are the

- methods usually adopted,

Sedimentation is accomplished naf-
urally in large lakes, and artificially
in reservoirs and settling-basing. The
brocess is frequently hastened by use
of some chemical that will form a co-
agulant that will collect, entangle and
throw down the impurities in suspen-
sion. The process ig used on some
very turbid river waters at plants in-
stalled before the Successful develop-
ment of rapid sand filtration, The effi-
clency of the Dbrocess is chiefly de-
Pendent upon time, A very large stor-
age of water is required. There is no
positive evidence to be gained from
experience of plants employing this
brocess that it would prove either
economical or efficient for service on
the Evanston supply. This statement
holds whether chemicals may or may
not be used as coagulants, and wheth-
er hypochlorite of lime or some other
chemical or device for sterilization
may or may not be employed as ad-
Juncts. As a matter of fact, the proe-
ess of sedimentation ig carried out
naturally in the lake before the water
enters the intake pipe, Storm-.roils
occasionally defeat the process and a
turbid supply results, Baecteriologieal
tests and the condition of the system
of wells and distributing maing attest
to the inadequacy of sedimentation
as it oceurs in the lake at any rea-
sonable distance off shore. Artificial
sedimentation ghould be employed
and relied upon only as an adjunect
to filtration, go fap as the purification



REPORTS ON FILTRATION OF EVANSTON WATER 9

of the Hvanston water supply may be
undertaken,

Sterilization in connection with the
purification of public water supplies
is accomplished by hypochlorite of
lime (as now used on the Evanston
supply) and by other chemicals and
processes, . Ozone and Violet Rays
are receiving more or less attention
as sterilizing agents, Thus far their
development is not sufficient to se-
cure general adoption. Thelir cost is
considered prohibitive. Sterilization
by means of hypochlorite of lime is
considered the most feasible, econom-
ical and effective process now devel-
oped for sterilization purposes in con-
nection with public water supplies. It
fails to free a water of its turbidity
and is not in and of itself a sufficient
treatment, Artificial  sterilization,
like sedimentation, should be em-
ployed and relied upon only as an
adjunct to filtration so far as the puri-
fication of the Hvanston water supply
may be undertaken.

Filtration is one of nature’s meth-
ods by which water is purified. It is
accomplished artificially in connec-
tion with the purification of public
water supplies by what are styled

(1) Slow sand filters,

(2) Rapid sand gravity filters,

(3) Rapid sand pressure filters.

A slow sand filter will deliver from
2,000,000 to 3,000,000 gallons of water
daily per acre of filter bed.

It is the earlier type of filter. The
filter is cleaned by scraping the depo-
sits off the beds. Cleaning necessi-
tates cutting the bed out of service,
Hence additional bed space and ample
storage is necessary. Its efficiency is
not found greater than that of the
modern rapid sand filter, It requires
a cover in winter climate such as
found at Evanston.

Its cost is approximately $75,000 per
acre of bed where covering is re-
quired.

A slow sand plant sufficient for Ev-
anston would require at least twelve
acres of land.

Its size and cost would preclude its
adoption for Evanston,

A rapid sand filter of the “gravity”
or open type will deliver from 120,
000,000 to 125,000,000 gallons of water
daily per acre of filter bed.

The filter bed is constructed in an
open tank composed, preferably, of

concrete, and usually of such area as
to deliver 1,000,000 gallong of water
daily per bed where the total daily
output of the plant is less than 20,
000,000 gallons.

The filter is cleaned by reversing
the current of water through the sand
bed. This insures washing with a
filtered water. The rapid filtration is
made possible by the use of chem-
icals, usually alum, to form a coagu-
lant which collects the finer particles
in suspension and forms a filtering or
entangling medium on the bed. The
effluent is frequently sterilized.

Its efficiency has been shown equal
to that of the slow sand filter, It is
now being quite generally adopted in
America, and to some extent abroad.
Its size and cost is much less than
that of a slow sand plant and varies
with size and local conditions,

A rapid sand filter of the pressure
or closed type will deliver the same
quantity of water per unit area of bed
as will a rapid sand gravity filter.
The filter is cleaned by reverse wash-
ing with filtered water. The filtering
bed is constructed in a closed steel
tank built to resist the pressure ex-
erted by the pumps. Chemicals are
used as a coagulant and the effluent
can be sterilized., Its adoption is not
general for large supplies. It does
not employ, as a rule, any auxiliary
pumping plant or storage basins, Its
cost is considerably less for small in-
stallations than would be that of the
gravity or open type.

These advantages are, however, con-
sidered offset by some disadvantages
and its adoption should not be made
without a very thorough consideration
of all the conditions to be met in the
service,

There is no doubt that a pure, whole-
gome and attractive water supply can
be secured by the city of Evanston
from its present source of supply by
the construction of a filtration plant.
The supply would be safe for use di-
rect from the faucets, without boiling
or other household {reatment, every
day of the year.

This report might not be considered
complete if, in dealing with the im-
provement of the EHEvanston water
supply, it failed to touch on the ques-
tion of extending the present water
works intake; and also the diversion
of the sewage of the town from Lake
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Michigan to the north shore channel
of the sanitary district of Chicago.

There is perhaps no better water
supply to be found for municipal pur-
poses than that of Lake Michigan if
drawn from a location free from shore
and shipping pollutions, From a sani-
tary standpoint the location of the in-
lets on the water intake line, with re-
spect to sewer outlets and lake traffic,
is important. Unfortunately there are
no figures available to show the mini-
mum, safe distance between a sewer
outfall and a water works intake. The
proper location.of the water works in-
take as regards direction from the
sewer outlets is not established. A
popular notion has somewhat pre-
vailed that inlets of water intakes
should be located northward of sewer
outlets upon the west and southward
upon the east shores of the southern
portion of Lake Michigan, Govern-
ment investigators have, however, de-
termined that there are no fixed cur-
rents in Lake Michigan and that the
direction and velocity of the currents
or drifts are dependent upon the wind.
The correctness of this finding can be
substantiated in a measure by observ-
ing the surface effects of sewage as it
drifts into the lake from the sewer
outlet. The surface effects of a rela-
tively small sewage pollution can be
readily traced with the eye a long
distance from its entrance into the
la¥e under favorable conditions for its
drifting and detection.

Since the winds on Lake Michigan
vary at all times of the year, as re-
gards direction and velocity, it fol-
lows that the wind induced currents
will vary likewise. Hence the inse-
curity of relying upon lake current to
protect a water intake supply is, or
should be, apparent.

The fallacious supposition that
winds protect water intake supplies
against sewage contamination entails
another equally fallacious assumption
that sewage pollution is carried only
at or near the surface of the lake.
The experience of the various cities
drawing their water supply from lakes
into which their sewage is discharged
demonstrates that, at the best, posi-
tion of the inlet on the water intake
affords slight, if any, protection
against sewage pollution. Dr. Me-
Laughlin, in his report of July, 1911,

on the sewage pollution of interstate
and international waters, says:

“The curious dependence upon the
fallacious belief that protection was
afforded to lake intakes by the posi-
tion of the intake to the westward of
the source of pollution is paralleled by
the faith which citizens of towns on
the Niagara river had in the position
of their intakes to the westward of a
known polluted current, Even when
it became generally known that, at
best, position of their intakes could
afford but a slight and insecure
measure of protection, seldom was the
prompt and obvious remedy, filtration
of the water, applied.

“Much valuable time was lost usual-
ly by attempting every known scheme
for preventing pollution at the intake.
Many of these schemes demanded re-
moval of sewage outfalls to a greater
distance or sewage disposal of some
kind involving serious engineering
problems and expenditure of great
sums of money.

“In almost every instance sewage
disposal of some kind was a consum-
mation devoutly to be wished. But
the problem and expenditure made its
immediate accomplishment impossible.
As at Brie and Niagara Falls, the citi-
zens continued to drink sewage-pol-
luted water for years, and eventually
filtration plants will have to bhe in-
stalled to preverit water-borne typhoid,
while the sewage-disposal problem is
still unsolved.”

Major Judson, United States Engi-
neer, in a paper presented to the Lake
Michigan Water commission (see first
report, page 63), reported lake sur-
face velocities of one and one-half
miles per hour by actual measure-
ment, The velocity of storm induced
currents would be much greater.

Scientific tests carried on simultan-
eously, but independently, by Jordan,
Zeit and Russell indicated that the
typhoid germ survives from three to

- seven days in polluted lake water.

Russell and Fuller, using Lake
Mendota water, practically confirm
the findings of Jordan and others.
Mason has shown that typhoid germs
were carried twenty-six miles by the
Mohawk and Hudson rivers in the ty-
phoid outbreak that occurred in these
valleys in 1890. Sedgwick has shown
that typhoid germs were carried
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twenty-five miles by the Merrimack
river in 1892, .

Drs. Bernard and Brewster have
shown that the distribution of the sew-
age from the Calumet river ranges
from the Chicago two-mile crib on the
west to lake points, opposite Ham-
mond, Ind., on the east, and into the
lake as far as seven miles from the
shore, Dr, Biehn and other authori-
ties have traced trade wastes and sew-
age a distance of five miles from the
shore. '

It would therefore require a four or
five mile extension of the present in-
take to aveid shore pollution of the
Evanston water supply. Such exten-
sion would not bring the intake inlets
into a sufficient depth of water to in-
sure a supply free from turbidity occa-
sioned by storm washing of the banks
or scouring of the bottom of the lake.
It has been shown that freedom from
turbidity so occasioned cannot be at-
tained in a less depth than from fifty
to sixty feet,

Extending the Evanston intake be-
yond shore pollution and storm-roils
would bring it directly in the path of
lake steamers plying between Chicago,
Milwaukee and other northern points.
It has been shown that there is a high-
€r percentage of typhoid carriers and
typhoid infecticn among the sailorson
lake boats than among the population
of shore towns, Therefore the menace
of lake traffic, including that of dredg-
ing, is worthy of most careful consid-
eration,

Congress passed an act in 1910 pro-
Libiting the dumping of dredging and
similar r:¢fuse within eight miles from
the shore of Lake Michigan wunless
such material be deposited behind
breakwaters. This regulation would
be of service, but not a full protection.

To extend the Evanston water works
intake would cost at least $100,000 per
mile. A raised crib would have to be
congtructed and manned, This meth-
od of obtaining a pure water supply
for the city would be much more ex-
pensive and less certain than would
be that of filtration,

Diversion of the sewage of Evans-
ton and neighboring communities from
Lake Michigan to the mnorth shore
channel of the sanitary district of Chi-
cago will lessen the danger of contam-
ination from shore pollution. The im-
provement obtained will he more or

less dependent upon the completeness
of the diversion. If surface or street
waters, as well as house drainage, are
diverted, better results will follow than
if the house drainage alone is divert-
ed. Diversion of the sewage will not
give relief from the shipping, dredging
and other pollutions that occur off
shore, . ’

The original purpose of the sanitary
district of Chicago was to remove the
sewage from Lake Michigan to protect
the water supply. At the time the
charter was granted diversion was
deemed adequate, It is common
knowledge that the diversion of the
Chicago sewage did not prove adequate
for the purpose of protecting the water
supply. The district was extended to
cover the Calumet and north shore ex-
tensions,

Intereity, intercounty, interstate
and international complications have
arisen and are apparently presenting
problems that ‘grow more stubborn
with time.

In the report of the chief engineer
to the president and board of trustees
under date of Oct. 12, 1911, will be
found this statement:

“At present the water supply of Chi-
cago, with the exception of that from
the Sixty-eighth street crib, is in a
fairly satisfactory condition. It is,
however, open to chance pollution due
to shipping, particularly at the cribs
nearest to the route of steamers enter-
ing the mouth of the Chicago river.
At times, also, the water supply be-
comes turbid. Al]l the intakes are lo-
cated in water less than forty feet in
depth. Whenever a storm occurs the
wave action stirs up the bottom in
depths of fifty feet or less. The in-
takes are, thevefore, inside the zone of
turbid water. Hventually, for sanitary
and esthetic reasons, it is believed
that the city of Chicago will consider
and undertake the filtration of the
water supply.”

He further states:

“The danger from ghipping is a live
one, since the health commissioner of
the city of Chicago has shown that
typhoid fever is far more prevalent on
Loard vessels on the great lakes than
in the towns bordering on the lakes,
and that steamers are not only carriers
of passengers and freight, but ef ty-
phoid as well,”
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He states the following conclusion:

“The amount of water available for
dilution, if taken at 10,000 cubic feet
per second, will be insufficient after
1922, when supplementary methods of
sewage disposal will have to be in-
stalled.”

Dr. McLaughlin, in his paper of
March 5, 1912, hereinbefore referred
to, hag this to say:

“In regard to sewage disposal it
must be remembered that no general
rule can be formulated which will
cover with justice every case. Hach
municipality becomes a separate prob-
lem, and local conditions must be stud-
ied. Remedies for correction of im-
proper sewage disposal will differ ac-
cording to the local conditions.

“Hven if all the sewage from our
large cities and towns was prevented
from reaching the lakes and rivers it
would be impossible to prevent pollu-
tion from reaching these waterways in
times of storm and flood, so that sew-
age disposal, even carried to the de-
gree of sterilizing the effluent, does
not give us a substitute for water fil-
tration or treatment.”

He states further:

“These sewage problems are often
difficult of solution, present great en-
gineering difficulties, and necessitate
the expenditure of large sums of
money. This meang that much time
must elapse before the proper method
is selected, and a great deal more time
will pass before the works are com-
pleted. In the end, though necessary,
the gewage purification does not re-
move all pollution, and treatment of
the water supply is still a necessity
after the sewage-disposal plant is in
operation.

“On the other hand, the dangerous
public water supply is a simpler
proposition. Immediate protection can
be afforded by treating with hypo-
chlorite, using a temporary plant unt {
the method to be finally adopted /is
decided upon. In a word, the is
every excuse for deliberation and rea-
sonable delay in settling the gewage-
disposal problems, while there is no
excuse whatever for any municipal
government to delay in applying the
remedy which protects immediately,
viz.: treatment, or filtration of the
public water supply.”

The cost of sewage diversion of a
character and extent adequate to af-
ford a measure of protection to the
Evanston water supply from shore pol-
Iution will no doubt cost in the neigh-
borhood of $750,000 to $800,000, exclu-
sive of the cost heretofore incurred
for the north ghore channel.

There ig no reason for doubting that
a pure, wholesome and attractive
water supply can be secured by the
city of Hvanston from its present
source of intake supply by the con-
struction of an efficient filtration plant.
The filtered supply would be safe, for
use, direct from the faucet, without
boiling, or other household treatment,
every day of the year.

In view of all the facts and findings
set forth in this report, your commit-
tee has reached the following conclu-
sions, towit:

1. That neither extending the Bv-
anston water intake to any feasible
distance off the lake shore, nor divert-
ing the sewerage system of the city
of Evanston from Lake Michigan to
the north shore channel of the sani-
tary district of Chicago, will jointly
or singly yield a water supply that
will be pure, wholesome and attractive
for domestic use and purposes at all
times.

2. That rapid sand filtration, sup-
plemented by sterilization, of the pres-
ent water supply between the intake
and distributing mains at the pumping
station of the city of Hvanston will
yield and is the most certain, feasible
and economical method of obtaining
a water supply for this city that will
be pure, wholesome, attractive and
safe for domestic use and purposes,
direct from the faucets, at all times,

And in view of these conclusions
Your committee recommends that all
necessary steps be taken to secure the
erection of a rapid sand gravity type
filtration plant for the city of Evans-
ton at the earliest possible date.

(Signed) C. B, CoNGDON,
Perxins B, Bass,
W. H. Knvarp,

J. W. BRANOH,
CurIsT WITT,
®

SAMUEL TOPLIFF,
Joint Committee,

*Alderman Rossbach absent,
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REPORT ON THE FILTRATION OF THE WATER
SUPPLY OF EVANSTON, ILLINOIS

To the Honorable, the Water Commit-
tee, The City of Evanston, Il

Gentlemien:—In accordance with
your instructiong of May 7, 1912, I
have made a somewhat extended study
of the conditions affecting the water
supply of the city of Evanston, and of
the several methods of bettering its
quality, and respectfully submit here-
with my report thereon, together with
recommendations and estimates of
cost. In this work I have been assist-
ed by Mr. Walter W, Jackson, former-
ly superintendent of water works, Co-
lumbus, Ohio, who signs this report
jointly with me. A preliminary report
wasg submitted to your honorable com-
mittee on July 2, 1912, touching briefly
on the matters herein amplified,

Your commigsioner of public works,
Mr, J. H., Moore, and his assistant, Mr.
C. C. Saner, have furnished the neces-
sary departmental records, and have
shown a lively interest in the subject,
as well as a very thorough understand-
ing of the same. We are also indebted
to your chemist, Professor Lewis, for
information as to his bacterial analy-
ses of the water since the establish-
ment of the municipal laboratory in
July, 1911, )

Your committee has already given
some consideration to the question of
improving the water supply by filtra-
tion, and has acquired certain land ad-
jacent to the present pumping station,
part by purchase, and part through a
gift from the Northwestern university,

to be used as the site for a mechanical .

filter plant,

From our study of the evidence pre-
sented in your records, and our own
personal investigation of the existing
conditions, we are able to unreserved-
Iy endorse your choice of mechanical
filtration for the purification of your
supply. The water supply can be made
entirely satisfactory only by filtration,
and under the local conditions the so-
called “mechanical” or “rapid” system
of filtration is to be preferred, using
the open or gravity type of filter.

We recommend, therefore, the con-
gstruction on the property already se-

cured of a rapid filter plant, compris-
ing primarily:

1. A mixing tank of 500,000 gallons
volume, holding one hour's supply at
the nominal rate of 12,000,000 gallong
per 24 hours, in which the coagulant
will be thoroughly mixed with the raw
water to obtain a complete reaction.’

2. A settling basin in two com-
partments, having a total volume of
1,000,000 gallons, and allowing two
hours for sedimentation when the
plant is operating at its nominal ca-
pacity of 12,000,000 gallons per 24
hours,

3. Ten filter units having a net
sand area of 0.01 acre each, the instal-
lation having a gross capacity of 12,
500,000 gallons per 24 hours at the or-
dinary rating of 125,000,000 gallions
per acre per day,

4. A filtered water reservoir in two
compartments, providing a total stor-
age capacity of 2,500,000 gallons, or
five hours’ supply at the rated capa-
city of the plant, .

6. A head house providing space
for the wash water pumps and the ajr
compressor and tank, for the storage

-0of coagulating chemicals and the mak-

ing and handling of their solutions.

6. Low lift pumping equipment by
means of which the raw water will he
lifted from the lake to the mixing
tank, comprising two or more centri-
fugal pumps to be driven either by
electric motors or steam turbines, with
a suitable house for the same.

The general arrangement of the pro-
posed new works Is shown on Figure
1. It will be seen therefrom that the
space provided is barely sufficient to
receive the necessary construction, and
that the removal of the engineer’s
residence will be essential. Under or-
dinary conditiong space would be con-
served by building the filterg on the

- roof of the filtered water reservoir,

but in this location we believe it will
be safer to reduce the loading on the
rather treacherous soil to avoid floor
cracks and consequent leakage. For
any considerable extension to the
plant it will be necessary to provide
more land.
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You have laid particular emphasis
on your desire for a most accurate es-
timate of the cost of the proposed con-
struction. Instead therefore of follow-
ing the ,ordinary practice for such a
report as this, and basing our figures
on. assumed costs of units of volume
or capacity, we have made up rough
sketch . designs, and from thege we
have carefully estimated all the major
items in actual quantities, such as
concrete, excavation, piping, re-inforc-
ing steel, etc. Unit prices were then
figured on the conditions obtaining in
the district, and we believe that the
results so determined represent the
true cost of the work as nearly as is
possible to estimate before the com-
pletion of the working drawings. An
exception ig made, however, in the
item of moving the residence of your
pumping engineer, for which a merely
nominal figure has been used.

TABLE NO. 1.

Estimated Cost of Rapid Filter Plant.

Force main and Ven-
turi meter
Mixing tank
Settling basins ,.....
Head House:
Building and
appurte-
nances ,..$12,643
‘Wash water
pumps, air
compressor
and tank.. 5,950 18,593
Filters complete, in-
cluding filter house
and pipe gallery.,.

57,492

Filtered water reser-

VOIF ovivnniane s 45,812
Filtered water con-
duit and pump well 5,446
Blow-off line and
draing .......0000. 1,750
Moving engineer’s
residence ,........ 1,200
$166,977

Engineering and con-
tingencies, 10%.... 16,698 $183,675
Cost of Low Lift Pumps.

Low lift pumps,

house, piping and

. appurtenances .... $19,000
Engineering and con-

tingencies, 10%. ... 1,900 20,900
Grand total.... $204,576
Cost of Operation:

A liberal estimate of the cost of op-
erating the proposed filter plant, with
fixed charges, is given in Table No, 2.
The estimates are based on the pres-
ent consumption of 2,190,000,000 gal-
long per year, or an average of 6,000,
000 gallons per day, with the applica-
tion of ome grain of aluminum sul-
phate per gallon of water. The cost
of power for the low lift pumps, wash
water pumps, etc, and the lighting,
making together the largest of the sev-
eral items, is estimated from the quo-
tation of the Sanitary District of Chi-
cago of $26.40 per horse power per
year for a 24-hour load. This is on
the safe side, because of the method
of charging for the use of electricity
by the peak load rating. (See Appen-
dix B.)

TABLE NO. 2,
Annual Cost of Maintenance and Operation and Fixed Charges.

Chemicals:

Operating Cost.

Sulphate of Alumina, 160 tong at
B18.00 ..ot i, $2,880.00

Attendance:

Twomen at.....oovvvevennnnnnn.. $ 900.00

One man at.......vvvvvivnnnnnnas 1,000.00

One man at......oovivenvvasenass 720.00 3,620.00
Superintendence:

Part time, say.....co00viniiivnnn 900.00
Power and Lighting:

175 horse power at $26.40......... 4,620.00

0i] supplies and repairs........... 750.00

Operating cost, total....... $12,670.00

Per million gallons.....

$ b5.78
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Fixed Charges.

Interest, 4% on $204,575............
Depreciation, 2% on $204,575.......

Fixed charges, total....... .
Per million gallons.....

Grand total ........ .00
Per million gallons,....

$8,183.00
4,091.50

$12,274.50
$ 5.60

$24,944.50
$11.38

-—

Ag will be seen, the total cost per
year for filtered water would be $24,
944.50 on the basis of 2,160 million
gallons per year, or $11.38 per million
gallons, Of this the cogt for chemi-
cals, superintendence, etc, alone is
$5.78 per million gallons,

Should it prove desirable to use
lime with the sulphate of alumina,
there would be required 400 tons at a
cost of $2,600. This would raise the
cost of operation to $16,590, and the
total per million gallons to $12.90.

These costs are not at all excessive.
S0 far as we can ascertain there is
at present sufficient surplug in the
earnings of the water department to
amply cover our estimated annual
charges without any increase in the
water rates. It has, however, been the
custom in Evanston to provide earn-
ings from the water works sufficient
not only to cover the operating and
fixed charges of the water works and
improvements, but to provide for trans-
fers to other funds to be applied to
the maintenance of the fire department
and in other municipal expenses.
Therefore, the annual expense of the
filtration plant will have to be an ad-
ditional charge. The effect of this on
rates is considered in Appendix C.

The capacities recommended for the
proposed construction have been
chosen after a careful study of the
conditions governing the consumption
of water in the city of Evanston, and
a discussion of this phase of the ques-
tion, and of the desirability of further
regulation of the use of water is in-
cluded herein. We have also append-
ed a comparison of the cost of pumping
by steam and electricity.

Description of Present Pumping
Plant and Intake:

The present pumping station is lo-

cated on the lake front, on the north

side of Lincoln street. The equipment
includes:

One Holly quadruplex engine,
147x9"x24”, having a capacity of 2,
000,000 gallons per 24 hours, erected
in 1874. This was the first installa-
tion for the Hvanston waterworks.

One No, 4 Gaskill-Holly compound
fly wheel pumping engine, 16 and
39"x1814”x28”, having a capacity of
5,000,000 gallons per 24 hours, erected
in 1888,

One No. 7-A Qaskill-Holly com-
pound fiy wheel pumping engine, 28"
and 50”x29”x38”, having a capacity of
12,000,000 gallons per 24 hours, erect-
ed in 1896.

One 200 horse power horizontal wa-
ter tube boiler, with Vicks down-draft
furnace,.

Two 85 horse power horizontal re-
turn tubular boilers. These are to be
replaced shortly with two 200 horse
power water tube boilers, with down
draft furnaces, already purchased.

The two larger engines are appar-
ently in good condition, giving evi-
dence of excellent management in the
pumping station. All three are in-
side packed, the two larger operating
with small slippage for this type of
machine. But as they had been newly
packed shortly before the pitometer
tests reported below the average slip-
page may be considerably greater.

The pressure carried is but 40
pounds per square inch, measured at
a gauge 23 feet above Datum, which
would be considered very low in any
but an extremely flat territory. There
is no reservoir and water is pumped
directly to the distribution system.

The very first collector of lake wa-
ter was a crib filled with gravel ex-
tending 125 feet into the lake. In
1876 a bar formed outside this crib
making it impossible to pump mnore
than one hour at a time. Water was
next received throwgh a 16-inch in-
take pipe extending 1,200 feet into
the lake. This was supplemented in
1890 by the construction of a 30-inch
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intake pipe 2,600 feet long, and in
1808-09 a 36-inch cast iron pipe was
laid parallel to the 30-inch pipe to the
end thereof, at which point the two
were joined into one 42-inch cast iron
pipe line, which was extended to a
group of 13 screened inlets 11/16
miles off shore, in 32 feet of water.
The intake pipes ave laid on the lake
hottom, and without protection. 1In
the spring of the present year the 42-
inch pipe was hroken, presumably by
a dragging anchor,

HEquipment for the application of
hypochlorite of lime to the supply was
installed at the pumping station in
December, 1911,

Modern Standards of Quality
of Domestic Water Supply:

‘With the advance of sanitary know-
ledge during the last twenty years, the
necessity of a pure water supply has
become recognized in progressive com-
munities, Among the requirements to
bhe fulfilled in a suitable water supply
are these:

1. The water must be pure, that s,
free from all pathogenic or disease-
producing hacteria. Since most pro-
cesses of treatment do not discrimi-
nate between the pathogenic and non-
pathogenic bacteria, we say that a wa-
ter must bz low in hacterial content.

2. The water must be clean, that
ig, free from all mineral or organic
particles which tend to cause roiliness
or turbidity.

3. The water must be colorless and
odorless.

4. The water must be free from
microscopic organisms, which, while
harmless to man, produce disagreeable
odors and tastes. :

5. It must be free from injurious
material in golution.

6. It must be soft.

- 7. It must be cool.

Character of the Water:

Lake Michigan water has no injuri-
ous substances in solution, such as are
frequently found in alkali waters of
the west, but is rather hard, Tequiring
much soap to make a lather, and caus-
ing soft scale in boilers. In gen-
eral it is fairly cool. At a dis-
tance of ten to twenty miles from
shore the water is clear, nearly color-
less, and practically free from those

microscopic organisms which cause
tasteg or odors, Near the shore, how-
ever, the water is not clear, but at
times has 4 considerable degree of
turbidity, and contains large numbers
of hacteria, many of which may be
pathogenie.

Analyses of the Evanston water sup-
ply reported by the Illinois Water Sur-
vey are summarized in Table 3, and
the results of analysis of samples tak-
en in the vicinity of Evanston made
in connection with the sanitary in-
vestigation of the North Shore of Lake
Michigan, from HEvanston to Wauke-
gan, by Prof. Edward Bartow, Lang-
don Pearse and F. O. Tonney, M. D,
in 1909 are shown in Table 4.

Besides the turbidity and color,
which are apparent to all users of Ev-
anston water, these analyses point to
the pollution of the water supply by
the city’s own sewage. So long as
sewage is discharged into the lake the
water supply will be subject to dan-
gerous pollution, depending somewhat
on wind and weather. The analyses
from the survey of the North Shore
show a considerable degree of turbid-
ity even three miles from shore, and
extremely high bacterial counts, with
he occasional occurrence of B. Coli,
taken as indications of fecal pollution,
at one to two miles out,

Typhoid in Evanston:

Typhoid fever is one of the most
common waterborn diseases. A study
of its occurrence and intensity is fre-
quently of great assistance in judging
the quality of a water supply, since the
effect of the water on the health of
the consumers is indicated thereby,
Other intestinal diseases may be
caused by infected water, such as
diarrhoea, winter cholera and the like,
but as physicians do not commonly re-
port them, data is not usually avail-
able, Typhoid, however, should be
and usually is reported to city boards
of health,

Typhoid has been for several years
quite common in Evanston., The num-
ber of cases was greatly increased in
1911 by a mild epidemic late in the
year, which wags checked by the dili-
gence of the health and water officials
in installing the hypochlorite plant re-
ferred to above, The figures given in
Tables 6 and 6 were taken from a re-
port prepared by Professor, Lewis,
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1906 31 *
Aversgo 201 37 [ 4.1 4043 + 1561 «002 «26 118 1630 59 63 2
Maximum 213 5.0 | 6,7 102 «236 +024 +680 [146
Minimum 145 2.0 | 2.6 | 4014 +064 <000 «120 4
1907 11 i ' -
Avorage 28 07| 166 40,51 3.7 4021 |,108 | .00L | 247 }118 | 3097 |60 |60 |30
Maximum 100 0.2 | 806 6 4.7 054 2160 002 «520 }126 Q3000
M nimum 5 «0 | 144 3 30| 4000 . 010 « 000 <040 1112 160
1908 10 ' ' ) ' .
Average 52 7 191 6 2,9 | 40684 «123 «002 2293 |120 1217 80 | 43 1]
Maximn 180 20] 261 7 7.1 | 510 260 007 «680 [128 5200
Minimum 20 0] 146 b 1.4 | .008 «068 ,001 «160 |112 180
Intekie extended ip 1909 flrom Half file to' pne and one-sixteenth mile
1909 [ ,
Average 34 7.1 179 b 2,8 ] .,037 144 +001 .410 |118 700 67 56 26
{laximum 50 10 | 213 b B.7| 4068 |.170 | 4006 | 4780 [123 | 1600
Mindmum 15 0 [ 165 4,5 2,21 .008 +110 « 000 «240 1111 80
1910 4 .
Average 44 5 172 6a5{ 2.1 | .027 +096 . 000 2270 [134 [R7600 76 25 2b
Haximum 80 10 | 185 6 2.6 ,086 114 #320 (136 BOOOO
Hinimum 5 0| 163 b 1.8] 016 . 080 240 |132 3000

* Turbidity was noted. In most cases decided.
P4
*  golor is given by old stsndard.

Hote: Odor is often musty.




TABLE NO. 4

SUMMARY OF ANALYSES PRoM SANITARY SURVEY
OF NORTH SHORE OF pAXE MICHIGAN,
November 16 to Degcember 16,1909.
Compiled from Original Analyses for Lake Michigan Water Commission
, RESULTS IN PARTS PER MILLION
Appearance Nitrogen as b "
5 » & o
) f« 3 '3 Ammonia 3 3 'E(' 3 a B
pistence|u o o b K= 4 9 o [y '3 g B, Coli
off |ZwRl| B 8| w | 5| 8B @ . I 2 3| 23 Per Cent.
snore. (Beg) B g & | R 2| & | 5 5 | 5§45 |of Tests
Hiles |& @& o| 8| &§| &3 =~ < 2| & | 9 | &80 Positive
001 7
Averege 62 ) 0 3.8 2.5 [.014 {.081 « 000 | -, 000 123 5500 63
HMaximum 180 |25 4.0 4.7 |.020 |.060 +000 | . 000 128 12000
Minimum 15| 0 340 | led [o000 (o130 0000 | ,000 | 121 384
1l 7
Average 29 3 0 13.0] 1.9 [o009 [o0867 o000 | o000 | 119 2700 14
Maximum 60 |10 3.0 2,7 {030 [.,080 « 001 | 2 Q00 122 12000
Minimum 0 0 3.0 led |,000 [.060 2000 | «000 4 115 43
2 4 ‘
Average 18 1 0 3.0 1.9 012 0062 « 000 o 000 117 8900 0
Haximum 30 5 300 205 |.030 .070 <000 | 000 118 18100
Minimum 0 0 3.0 l.4 [+000 [.050 «000 | o000 116 100 ’
3 4 ~
Aver&ge 12 0 0 209 1.6 - 002 . 068 0000 » 000 119 5800 0
Maximum 20 0 3.0 201 {010 (o070 000 | o000 121 20000
Minimum 5 0 2.b 1.2 |.000 {(.060 o000 | 0000 117 100
4 3
Average 710 O [2:8] 1.6 |o003 [.067 .000 | 4000 | 119 3100 0
Meximum 10| O 3.0 ] 1.8 |.010 [.070 <000 | 000 | 1820 6140
Minimum 0 0 2:5 1.4 {.000 ([.060 <000 | 000 118 30
5 3 .
Avorage 5 0 0 2.8 1e3 | . 000 {0080 | o000 | o000 118 300 0
Maximm 10| 0 3.0 | 1.6 1,000 {6070 | »000 | o000 | 118 760
Ninimum 0 0 2D 1.0 |,000 [o0b0O 2000 | + 000 118 30
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publighed in the 1912 Proceedings of
the Illinois Water Supply agsociation.

TABLE NO. 5.

Typhoid Deaths per 100,000 in Chi-
cago and Evanston.

Year, Chicago. Evanston,
19070 e 17.5 21,
1908, v 16.0 32.
1909, . 0 er v 12.6 28.
1010, .0 vieveneen 13.0 24.
1011, o 10.8 28.
Average of b years 12.8 26.6

_—_——.———/———_—_-——’:___;—:__________/’_:__——

WATER CONSUMPTION.

Records:

An interesting comparison of the
guantities of water delivered into the
distribution system is shown in Table
No. 7, compiled from the pumping sta-
tion records from the year 1901
through 1911, The fluctuations in the
rate of consumption for the period are,
however, brought out to better advan-
tage in the curves shown in Fig No, 2.
it is interesting to note that your com-
migsioner of public works has checked,
to a large extent, the waste of water,

e e g —

TABLE NO. 6.

Distribution of Typhoid Cases in Evanston, by Months.

b B .

- - g

8 5 5 5 % ox 8 & ¥

° 2 95 3 5 8 B 2 F

3] E w2 4 7B R =S
1909 .. 12 7 9 1 0 2 0 1
1910 .. 7 8 19 4 5 4 4 b
1911 .. 4 1 1 0 g 0 4 2

During the 1911 epidemic all possi-
ble sources of infection were exam-
ined, and all indications pointed to
the responsibility of the water supply.
Over 90 per cent. of the caseg were
those of users of raw city water., Pro-
fessor Lewis states: “The water sup-
ply of Evanston varies from 5 to 200

‘parts per million in turbidity, with a

total bacterial count on agar at 200 C.
of from 400 to 5,000 colonies per cubic
centimeter, and gas producers vary
from b to 20 in ten cubic centimeter
quantities.”

The data given in Tables 5 and 6
indicate that Bvanston is subject to
typhoid in amount much greater than
Chicago. The concentration of the
major portion of the cases in one or
two months, usually in the winter,
pointg to an infected water supply.
The sudden decrease in the typhoid
cases in December, 1911, and January,
1912, subsequent to the application of
hypochlorite of calcium, confirms our
helief that the typhoid ig largely due
to infected water.

____________—4—-————____

8 5 0H £ 8

I 5 g 22
2 2 ¢ & 3% 3% 22 5%
% © o 9 28 ES 43 03
S o ZE & Be RA LA a=
4 8 4 2 560 T 200 28
3 8§ 2 0 69 6 276 24
4 9 22 49 9% 7 396 28

holding the average rate of consump-
tion nearly constant since 1903, de-
spite the considerable increase in the
population served.

Slip.

All the quantities in Table No. 7
have been calculated from plunger dis-
placement, without correction for slip.
There is ordinarily a very appreciable
logs through valve leakage and espe-
cially with inside packed pumps, from
plunger leakage, The commissioner
kindly ascertained this slip through
pitometer tests conducted by Mr, W.
D. Gerber, whose report ig appended
hereto. Mr. Gerber fixes the slip of
the three pumping units at:

5.49% for the 12,000,000 gallon pump

5.2% for the 5,000,000 gallon pump

927.9% for the 2,000,000 gallon pump
(one plunger measured). Revised fig-
ures in the calculation of displacement
factors would increase the apparent

. glip for the

5,000,000 gallon pump to 10 per cent.,
and for the
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2,000,000 galion pump to 30 per cent,

These figures are less than were ex-
pected, and as the two larger machines
were newly packed, and were said by
the chief engineer, Mr, Wadsworth, to
be in better shape than for some years
past, it is probable that the average
statlon slip for past years would be
in the neighborhood of 15%. The
quantities used for our studies, how-
ever, have not been corrected, except
where specifically noted,

Except in extremely hot or very cold
weather, the demand for water in the
small hours of the night is insufficient
to permit the operation of the large
engine under the governor, and with

Population:

TABLE NO. 8.
Population Served, from U. 8. Census.

Increase

1830 1900 1910 1900-'10
Evanst'n 18,059 19,259 24,978 29.7%
Wilmette 1,458 2,300 4,943 115.09%

Total 14,617 21,559 29,921 Av. 38.39%

The Wilmette distriet has been
served by the Evanston water works
since 1893. The growth of Evanston
during the past decade has been com-
paratively slow. The trend toward the
increased construction of apartments
is very evident, and it is probable that

TABLE NO. 7.

Summary of Pumping Statistics, Evanston, IIi,, 1901 to 1911.
Compiled from Records Furnished by C. C. Saner.
Gallons Pumped in 24 Hours,

Average
for Year
Average for
Max. Month

3

ﬁ«’
1901........., 5,320,200 7,940,000
1902.......... 5,297,700 6,760,600
103.......... 5,738,500 7,660,500
1904, ..., 6,367,700 7,360,900
1905..... ... 6,183,400 7,104,900
1906.......... 6,474,400 9,095,600
1807.......... 5,956,500 7,691,500
1908.......... 6,063,700 8,765,700
1908.......... 6,056,500 8,670,000
1910........., 6,217,800 9,300,400
it 5,777,000 9,154,000

SE & I

o 8 o8 o8

W W A

<5 4 <
3,717,400 10,155,100 3,365,200
4,392,400  8679,700 - 3,667.000
4,429,800 9,742,600 4,002,600
5,652,000 9,694,300 4,658,300
5,118,500 8,859,100  4,485.200
4,973,800 11,358,300 4,461,600
4,087,300 10,571,000 3,657,600
4,186,300 12,745,900 3,732,300
5,068,300 11,587,800 4,032,640
4,933,000 12,034,800 4196700
4,642,000 12,073,800 4,135,300

this machine running it has been the
practice to waste a sufficient quantity
to hold the gross pumping rate up to
about 4,000,000 gallons per day. Dur-
ing the period of our observation, in
June of the present year, this wastage
‘amounted to apparently a rate of one
million gallons per day for perhaps
4 hours per day, or about 167,000 gal-
lons per day. This correction of
courge does not appear at times when
the draft is heaviest.

future building development will be
largely of this character,

Per Capita Consumption:

The per capita consumption of the
combined cities has been reduced in
the last ten years from 240 gallons to
187 gallons. This, however, relates to
the average for the year, The per
capita consumption for the maximum
day rises to about 400 gallons, and the
maximum hourly rate to 567 gallons,
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While these rates have not been cor-
rected for slip, it is still true that the
consumption is undoubtedly excessive
and far greater than in most other
cities of like character and approxi-
mate size.

A comparison of the per capita rates
in Evanston and Wilmette ig instruc-
tive, the figures here used being calcu-
lated from the 1910 records, using the
population figures of the U, S. census.

June 15. 5 million gallon pump run-
ning alone, midnight to 6 a. m.
and 11 to 12 p. m.

5 and 2 million gallon pumps run-
ning 6 a. m, to 11 p. m,

Hot, Light rain.
Temperature, Maximum, 81° F.
Mean, 72° F.

Precipitation, 0.16 inch.
July 6. 12 and 2 million gallon pumps
running.

TABLE NO. 9.
Comparative Consumption of Water in Evanston and Wilmette,

_Consvmption in gallons.

Per Cap- Per.Capita

Daily ita un- corrected

) Population. Average. corrected. Slip. for slip.
Bvanslon .....oocvenss 24,978 5,820,600 233 15 190
Wilmette .......0vnuee 4,943 397,200 80 26 108

A comparison of the rates of con- Hot.
sumption in various cities will be Temperature, Maximum, 93¢ F,
found in Table No. 11 in Appendix C. Mean, 83° T

It will be seen that in a great number

of residential cities the per capita con-

gumption is less than one-half the
_average in Hvanston.'

Hourly Fluctuation:

.. A knowledge of the variations in the
demand for water through the day is
important in determining the size and
proportions of a purification works,
and also in the study of the manner
in which the water g used. Begin-
ning in May of the present year, read-
ings of the counters on the pumps have
therefore been recorded at hourly in-
tervals instead of but once each day
as heretofore.

Note. To accompany Fig. 3.

The weather conditiong on the dates
of observation are taken from the rec-
ords of the meteorological station of
the Bvanston Board of Public Works
(C. C. Saner, observer).

June 11. Hot and dry.
Temperature, Maximum, 840 I,
Mean, 700 F.
June 14. 5 million gallon pump run-
ning alone 9 to 12 p. m.

12 million gallon pump running bal-

ance of day.

Cool and rainy.

Temperature, Maximum, 66° .

Mean, b9¢ T,

Precipitation, 0.47 inch,

Precipitation, Trace,

The effect of hot and dry weather is
illustrated by the increased pumpage
on June 11, over that on June 14 and
16, when light rains were falling,

The effect of hot summer weather is
illustrated by the few hours observed
on July 6, when an extremely high
pumpage occurred.

The curves for several typical days
are shown on Fig. No. 3, and while
the observations have not as yet been
carried over the four seasons, there is
ample proof that the extraordinary
consumption during the warm weather
is due to the excessive sprinkling of
lawns and gardens., Great wastage
from leaky fittings is also indicated by
the exceedingly high rate of one hun-
dred gallons per capita per day during
the late hours of the night, when in a
residential town there is practically
no actual demand.

‘While there is no record of the hour-
1y rates in the past, the chief engineer
ig of the opinion that a gross rate of
17,000,000 gallons has been maintained
for a period of about four hours, all
three machines have been operated
simultaneously at their nominal ecapa-
cities, The highest rate reported dur-
ing the past year, or since hourly
counter readings have been taken, was
reached on July 6, when a gross rate
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of 14,775,300 gallons per day was held
for four hours with a rate maintained
over a b-minute period of 15,800,000
gallons per day, or corrected for slip,
of 14,400,000 gallons per day.

Maximum Momentary Rates:

Though our observations have been
limited to little more than one month
in the year, it would appear that the
maximum hourly rate of pumpage will
run about forty per cent, above the
average for the day, and the maximum
momentary rate of discharge around
fitty per cent. above the average for
the day. These ratios will hold for
the hot weather, when the guantities
are greatest. They are the rates de-
termining the capacity of the projected
filter plant.

Treatment of Water.

The Evanston water supply is unsat-
isfactory in that the bacterial count is
high, showing strong evidence of sew-
age pollution. In addition it is not
clean, especially during and after
storms, the turbidity ranging from
zero to 180 parts per million. Color
is frequently present to the amount of
twenty parts per million, -

So long as sewage is discharged into
the lake by Evanston and neighboring
municipalities, the water supply is
always subject to dangerous contami-
nation, depending on wind and
weather., The diversion of the sewage
will not prevent the possibility of
chance pollution from passing vessels,
and will not remove the cause of tur-
bidity or cloudiness. In other words,
diverting the sewage will not clarify
the water. :

Extension of Intake:

Cleaner and less polluted water than
that in use at present can be obtained
by extending the intake line, but the
expense of tunnel construction would
be great, and an exposed pipe line laid
on the lake bottom, while also expen-
sive, would he at all times in danger
of breakage from dragging anchors,
and the like, as instanced by the ex-
perience of the past spring, when very
dirty and polluted water entered the
system from the broken intake pipe.

Under the conditions existing at Ev-
anston, we do not favor the extension
of the intake, but advise filtration as
the best and surest means to obtain

a clean, pure water above all suspi-
cion.

Sterilization:

Sterilization of water by calcium or
sodium hypochlorite is a very prac-
ticable emergency measure, and was
used to good effect in the winter of
1911-12 to check an incipient typhoid
epidemic. We do not consider this
treatment alone to be a sufficient cor-
rective in the case of the Nvanston
supply. It does not remove turbidity,
and a clean water would therefore not
be obtained through its use, In the
quantities permissible for use it does
not remove tastes or odors. And fur-
ther, the success of the treatment de-
pends on the continuous application of
correct quantities of the chemical, The
possibility of human negligence as a
factor is high. If an orifice box is
stopped up, or a solution tank empties,
and the attendant is not watchful, a
dose of untreated water may pass.
Again the process is selective in that
it attacks the weaker bacteria, while
the more virile may pass unharmed or
be merely stunned. A filter plant,
nhowever, when running with reason-
able supervision, is always at work
impartially removing 95 to 99 per
cent. of all the bacteria, whether weak
or strong.

Other sterilizing processes have beent
discussed by various cities, here and
abroad, particularly the use of ozone
and the ultra-violet ray. In both fil-
tration is absolutely necessary to ge-
cure a clean water, While ozone is
theoretically an excellent sterilizing
agent, the results so far obtained in
actual practical operation do not seem
to warrant the recommendation of its
use today, chiefly owing to the cost
and the mechanical difficulties of the
process. The ultra-violet ray is also
said to be an efficient sterilizing agent,
but for its successful application an
absolutely clear filtered water is re-
quired. Hence, neither ozone nor the
ultra-violet ray need he considered
further with reference to your situa-
iom.

Supplementary to filtration, the hy-
pochlorité treatment makes an excel-
lent finishing proeess, assuring a wa-
ter as bacterially free and clean
as is possible to secure. We have
therefore included in our estimates the
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tost of the necessary apparatus for such
treatment.

Filtration:

Either of the two established sys-
tems of filtration will give satisfac-
tory results from the standpoint of effi-
ciency with Lake Michigan water. Un-
der the local conditions, however, we
believe the “rapid” or “mechanical”
‘filters are preferable to the “slow
:sand” type.

Rapid or mechanical filtration is ac-
-complished by the formation of an ar-
tificial filtering medium in the upper
Jayer of the sand bed, This layer con-
.sistg of aluminum or iron hydrate, and
‘the suspended particles entrained
‘therewith, It is customary to provide
@ gettling basin through which the
water passes prior to filtration, in
which much of the suspended matter
collected in coarse clots by the gela-
tinous coagulant drops out, relieving

the sand beds of a great part of the.

burden. The ordinary capacity of well
designed rapid filters is rated at 126,
000,000 gallons per acre per day, and
thus the area required for an output
of 12,600,000 gallons per day would be
but one-tenth of an acre. When
choked or clogged the mechanical fil-
ter is cleanged by washing with a re-
verse flow of filtered water, accom-
plished in a few minutes with the use
of perhaps three per cent. of the fil-
tered water.

The so-called “slow sand” process de-
pends for its efficiency on the forma-
tion of a bacterial jelly in the upper
layers of the sand bed, which retains
the bacteria and suspended particles.
Slow sand filters are operated at the
low rate of 3 to 5 million gallong per
acre per day. A plant of 12,500,000
gallons capacity would require about
four acres of sand surface while the
same gettling and filtered water stor-
age basins would be necessary as in
the rapid type. When the sand bed
hecomes clogged it is cleaned by scrap-
ing and removing the top layers of
sand. This expense, together with the
heavy fixed charges on the great-
er first cost (214 to 3 times that of
the rapid filters) would more than off-
get the cost of the coagulant and at-
tendance required for the operation of
the rapid filter in your case.

Rapid Filters Preferable:

On account of the desirability of lo-
cating the filters near the present
pumping station, and the restricted
area available, because of high land
values, at the proposed site, as well as
the necessity of limiting the expendi-
tures for construction, we have ap-
proved the conviction held by your-
selves and the Commissioner of Public
‘Works that the Evanston water should
be purified in a mechanical filter
plant. The use of sulphate of alum-
inum, in the treatment of water for
domestic use, is recognized today as
entirely harmless. The amount used
ig extremely small, from 34 to 2 graing
per gallon, or about one pound in
56,000 pounds of water. The alkalinity
of Lake Michigan water, that is, its
contents of the carbonates of lime and
magnesium, js sufficient to always in-
sure the complete reduction of the
sulphate of aluminum to the insoluble
hydrate, there being present ADPDrox-
imately 116 parts per million of alka-
linity whereas but 16 parts are neces-
sary for the reaction with two grains
of coagulant per gallon, Thig coagu-
lant is used extensively in water putri-
fication plants at Columbus, Ohio;
Louisville, Kentucky; Little Falls and
New Milford, New Jersey, and many
other cities. Altogether several mil-
Hon people now consume daily, water
treated by sulphate of aluminum.
Summary:

The present water supply is unsafe
being subject to gross unexpected pol-
lution, and is frequently excessively
turbid, judged by modern standards
for municipal water supplies, There-
fore a filtration plant should be con-
structed for the Evanston water sup-
ply:
insure a pure water at all
times, and especially pending the di-
version of the sewage to the North
Shore Channel of The Sanitary Dis-
trict of Chicago. However, even with
the entire dry weather sewage flow di-
verted, there will be the probability
of storm flow or surface wash Treach-
ing the lake, and there will still_ be
the danger of pollution by shipping,

2. To insure a clean water at all
times. The present intake is located
in the zone of muddy water, when
stirred by wind. The diversion of
sewage will not make the water clean.
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3. To protect the supply against
probable contamination and certain
turbidity, due to possible breakage of
the intake pipe.

Coagulation:

In Bulletin 8 of the Illinoig State
Water Survey, Messrs. Bartow and
Birdsall have published a study on the
coagulation of Lake Michigan water.
Their conclusionsg point to the desir-
ability of the use of lime in connec-
tion with the application of sulphate of
aluminum as a coagulant, to increase
the speed of flocculation. The tur-
bidity of the water samples is not
given, nor the method of manipula-
tion, but it is probable that the tests
were made under quiescent conditions.

In‘a series of tests made by usearly
in June on lake water, ranging 1n tur-
bidity from 10 to 30 parts per million,
our own observations indicate that
rapid flocculation is obtained with ap-
plications of coagulant as low as 84
grains per gallon if the sample is
agitated, but that it is slow if pro-
duced under quiescent conditions, The
flocculation ig facilitated by the addi-
tion of two or three grains per gallon
of lime, and further, if the full quan-
tity of lime igs added with the coagu-
lant to a portion of the water, over-
ireating the same, and a few minutes
allowed for reaction before the addi-
tion of the untreated remainder, the
reaction is more rapid and a heavy
flock is produced which setiles rapid-
1y, clarifying the water much more
effectually than when sulphate of
alumina alone is used,

The addition of lime also partially
softens the water, reducing the alka-
linity or temporary hardness about
eight parts per million for each grain
per gallon used.

DESIGN OF FILTER PLANT.

Character of Construction:

The filter plant proposed for your
consideration would be of first-clasg
construction throughout. The mixing
tanlk, settling basins and filtered
water reservoir are to be of concrete,
‘reinforced with steel whenever neces-
sary, with groined arch roofs, over
which two feet of earth will be placed,
to be covered with grass. The head
liouse and filter gallery will be built
of suitable brick, with stone trim, tile

roof, and reinforced concrete floors,
to be fireproof throughout. The filters
will be of reinforced concrete with
suitable air and strainer systems, en-
cloged controllers, and operating
tables, with spacious filter and pipe
galleries affording easy access to all
parts, With the small filter units no
wash water storage is contemplated,
the wash water pumps being of suffi-
clent size to deliver the required
amounts. These, together with a small
air compressor, may be motor-driven.
In short, the plant will be up-to-date,
with all necessary mechanical devices,
of firgt-class permanent construction,
and built at moderate cost.

Capacity of Plant:

The average daily water consump-
tion at the present time is approx-
imately 6,000,000 gallons, the maxi-
mum daily draft being reported at
12,000,000 gallons, and the highest
hourly rate observed, 17,000,000 gal-
lons per 24 hours, this last having
been maintained for a period of four
hours.

Appreciating the present wasteful
use of water in Hvanston, and count-
ing on the effect of the proposed gen-
eral introduction of meters, your Com-
mittee has suggested that the proposed
purification works should be designed
for a considerably lower capacity than
that demanded by the present maxi-
mum daily consumption. This would
be counting the chickens before they
are hatched, however, In so important
and vital a project as a pure water
supply, we believe it unsafe to con-
sider the lesser capacity, The plant
must be designed for the expected
maximum daily draft, for consumers
may continue to use water freely on
a hot summer day during a drought
even though the ordinary use is re-
stricted by the use of meters. The
eiffect of any such reduction in the
waste of water may be discounted,
however, in the omission of reserve
capacity which would ordinarily be
provided for the natural jnerease In
the demand due to the growth of
population,

‘We have therefore determined the
rated capacity of the proposed con-
struction at 12,500,000 gallons per 24
hours. In view of the present exces-
sive rate, and the possibility of fur-
ther control, and considering that the
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maximum demand on the Evanston
water works is made in the summer
months, when the turbidity of the
water is ordinarily so low that an
overload capacity may reasonably be
demanded of the filters, we believe it
unnecessary to provide in the original
construction reserve capacity to cover
future growth in population.

It is proper to provide for the excess
draft, occurring in the daylight hours,
by the storage of filtered water. The
efficiency of filtration is largely de-
pendent on maintaining the unifor-
mity of rates. It is therefore decid-
edly improper to omit the filtered
water reservoir and depend on chang-
ing the rate of filtration to meet the
demand. Besides, this would require
a capacity in filters fifty per cent.
greater than when the draft is bhal-
anced by a sufficient filtered water
gtorage.

Mixing Tank:

.One fault of the earlier filter plants
wag the absence of facilities for the
thorongh mixing of the coagulant with
the water, and the shortness of the
period allowed for coagulation. To
obviate the poor sedimentation result-
ing from this cause, we have provided
for the construction of a mixing tank
or reaction basin of generous propor-
tions, to be thoroughly baffled, so that
the cross currents created therefrom
produce the mechanical agitation nec-
essary to thorough mixing, insuring
rapid and complete coagulation, The
enlarged aggregate formed, by accre-

tion on the gelatinous hydrate, kept’

in suspension by the rapid velocities
in the mixing tank, iz more easily re-
moved in the settling basing than the
fine particles of suspended matter car-
ried through with incomplete coagula-
tion,

Settling Basins:

The settling basing proposed are
gomewhat smaller than would be de-
sirable without the preliminary treat-
ment of the water in the mixing tank,
but being well bafled and provided
with properly designed inlet ports and
collectors, the following efiicient coagu-
lation they will remove a large per-
centage of the impurities from the
water, and veduce in proportion the
burden on the filters, and the amount
of wash water required for their opera-
tion. Consideration bhas also been

given to the fact that the raw water
i geldom high in turbidity during the
seasons of heavy draft, and that dur-
ing periods of high turbidity the quan-
tities treated are not more than half
the rated capacity of the plant,

Lime Solutions:

Ag our laboratory tests showed con-
clusively the improvement in coagula-
tion and sedimentation effected by the
use of small quantities of lime with
the coagulant, we have made provi-
sion in the estimates for a lime slack-
ing rig and solution tanks, It ig ex-
pected that the quantities of the coagu-
lant required will be lessened by the
use of lime, and of course the soften-
ing effect would be advantageous. It
ig estimated that the soap necessary
to completely soften one million gal-
lons of water, of the composition of
Talke Michigan water, is approximately
worth $1,000.00. Soft water is also
much more agreeable than hard in
the bath, and is highly desirable in the
laundry.

Filters:

A filter unit of small capacity has
Ieen proposed largely because it was
understood that objections existed to
the building of an elevated wash
water tank on the property. Larger
unitg would require larger wash water
pumps, the operation of which would
be more troublesome, and with elec-
tric power, much more expensive., If
the objections to the elevated wash
water tank are withdrawn, it will
be quite feasible to substitute for these
ten units of 0.10 acre area each, six
units, each having a net sand area of
0.0167 acre, and a nominal capacity of
2,080,000 gallons per day. With the
wash water tank, and the gmall wash
water pump then required; the cost of
the six unit plant will be about $3,000
less than that of the ten unit installa-
tion upon which our estimates are
based. A somewhat shorter filter gal-
fery would be required and a some-
what greater area would be made
available thereby for future extension.

Filtered Water Reservoir:

As stated above, it is necessary to
provide suitable and sufficient storage
of filtered water to equalize the vary-
ing demands by the City, and to obvi-
ate varying the rate of filtration, a

g e
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procedure that is undesirable. We
have fixed the size of the filtered
water reservoir at a total of 5 hours’
supply, based on the rated capacity of
the plant., More storage would be de-
sirable, but space is lacking on the
proposed site, Adequate storage con-
serves economy of operation and main-
tenance of continuous service. The
reservoir will be aivided into two
separate compartments by a tight di-
viding wall. This facilitates inspec-
tion whenever required. Baffles are
also proposed to insure thorough dis-
placement of the stored water and the
circulation of fresh incoming water.

Wash Water Pumps:

The estimate covers the installation
of two motor-driven centrifugal pumps
each of sufficient capacity to wash one
filter unit, 0.01 acre in size at the
nominal rate of 12 inches vertical rise
per minute. Since continuity of serv-
ice depends on a prompt washing of a
clogged filter, the duplicate ingtalla-
tion is essential. The wash water
pumps are to be installed in the base-
ment of the head house. While it is
feasible to wash beds of area 0.0167
acre, as proposed in the six filter unit
alternative, the size of pumps and pip-
ing is considerably increased, and the
cost alse., But if no aesthetic objec-
tion is made to the presence of an
ornamental elevated tank, a smaller
pump can be used with the six filter
unit plant, decreasing the cost as
noted wunder “Filiers,” From the
standpoint of operating cost, this is
desirable, as the peak load {8 mate-
rially lowered, 'This, however, is a
detail which can be decided at the
time of design as the estimate will
cover both schemes.

Aipr Compressor:
The use of air under pressure is pro-

* posed in this plant to insure means

for thorough cleansing of the gand
bed, in connection with the low rate
of wash proposed. To minimize the
cost, of air, a small air compressor will
be installed, which will work con-
tinuously, feeding a steel storage tank
of sufficient size to supply enough air
for the washing of two filters. The
tank will be placed in the roof of the
filter gallery, the air compressor being
located in the basement of the head
house.

Head House:

The head house ig to be a neat build-
ing with basement and two upper
stories. In it will be stored the sul-
phate of aluminum, lime and hypo-
chlorite of calcium. Apparatus is pro
vided for making the necessary solu-
tions, which will be stored in solu-
tion tanks, from which the solution
will be fed automatically into pipe
lines connected to the grids which will
distribute the chemical in the flow.
An office is provided, as well as a
locker room for the attendants, with
complete sanitary appliances.

Low Lift Pumping Equipment:

We propose to utilize the existing
pump wells as 1ar as possiule for the
service of the raw water or low lift
pumps. These will raise the water
and deliver it to the inlet of the mix-
ing tank, Centrifugal pumps will be
used, direct connected to steam tur-
bines or electric motors., They will
be housed in a lean-to built on the
north side of the present pumping sta-
tion. A Venturi meter will be in-
cluded in the force main, in order to
show definitely the amount of water
being treated. Thig is absolutely nec-
essary in order to determine the cor-
rect amount of coagulant, lime, or
hypochlorite,

Character of Buildings and
Substructures;

The head house and filter gallery
will be treated architecturally to har-
monize with the buildings on the ad-
joining property of the Northwestern
University. Neat face brick will be
used, with stone trims and tile roofs
The substructures will be entirely of
concrete, reinforced with steel wher-
ever necessary. Owing to the nature
of the soil on the proposed site, con-
siderable reinforeing will be required
particularly in the floor of the ﬁlte‘rec{
water basin. The filtered water reser-
voirg, settling basins, and mixing
chamber will he entirely hidden from
view by the grassy lawns and banks,
which can be laid out with paths,
steps and shrubbery to make an at-
tractive setting.

Comparative Cost of Plant:
Several factors operate to raise the

cost of the proposed works above that
of a similar construction under gen-
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era] conditions elsewhere. In Chicago
and Evanston both skilled and un-
gkilled labor receive high wages. All
material must be teamed to the site
of the work, direct access to a railroad
being out of the question. The char-
acter of the soil at the site demands
somewhat more expensive footings
than are ordinarily used., And in con-
gideration of the gift of the land by
the Trustees of the Northwestern Unij-
versity, the building must be archi-
tectyrally attractive and the grounds
neatly planned.

Extension of Present Pumping
Equipment:

The present capacity of the pump-
ing station is none too great, and the
units are so divided that, in case of a
complete breakdown of the 12 million
gallon pump, in warm weather, the
city would quickly be short of water,
We, therefore, believe that immediate
consideration should be given to the
instgllation of additional equipment,
and the removal of the old 2 million
gallon unit. This subject is treated
more fully in Appendix B, as it does
not necessarily belong to the filtration
scheme,

Operation of Proposed Plant.

In previous pages attention has been
called to the polluted and turbid cun-
dition of the lake water, and to the
absolute necessity of mixing the coag-
ulant thoroughly with the raw water
early in the progress through the
plant in order to secure the greatest
degree of purification.

Mixing of Chemicals with Water—
Use of Lime:

Low lift centrifugal pumps will take
the lake water from the existing in-
take wellg and pump it through a
Venturi meter. The coagulant should
be added ahead of the meter in order
to take advantage of the increased
velocity, at the constricted throat, a
condition which favors mixing. The
water then enters the mixing cham-
ber within a minute after the addi-
tion of the aluminum sulphate. The
reaction between the coagulant and
the alkaline carbonates will not be
complete until the water has passed
through about half the chamber.

Should it prove desirable to employ
lime, the lime will be added in the

mixing chamber, not only to insure
thorough mixing by the baffles but also
to allow sufficient time for the reaction
to take place between the lime and the
half bound carbonic acid. The ele-
ment of “time for reaction” ig all im-
portant, especially during cold weather,
since low temperatures delay the reac-
tions.

As previously noted, the result of
adding lime will be to hasten the
change of the sulphate of aluminum
present into the insoluble aluminum
hydrate, The reaction will occur more
rapidly and completely, forming
larger flocks than when limeis omit-
ted. Large flocks settle much guicker
than small, so that the settled water
will be clearer,

Sedimentation:

Leaving the mixing chamber, the
water enters the settling basin, There
the velocity of flow is lowered to such
an extent that the flocks of coagulant,
precipitated carbonates and suspende.
matter sink, falling ro tne pottom of
the settling basins. These are ar-
ranged so that both can be used simul-
taneously to secure a low velocity, or
in tandem to give more thorough mix-
ing when desirable, or finally, -either
basin can be cut out and cleaned. The
period between cleanings will depend
on the turbidity of the water, Such
an arrangement of the basins makes
the system highly flexible, thus aiding
the operation materially; with the fur-
ther advantage that most of the work
of purification is done by the settling
basins, thus reducing the load on the
filters.

Washing Filters:

The settled water passes onto the
filter beds. These are divided into ten
units to reduce the size of the wash-
ing devices, and the cost of wash
water pumps and pumping. However,
a plant containing six units can be
worked out to advantage, if a wash
water tank be allowed in the aesthetic
treatment of the grounds. Filter beds
require occasional washing to remove
the fine flocks, residual sediment, and
bactgria carried over from the set-
tling basing and deposited in the
upper layers of the sand. The fre-
quency of washing is affected very
largely by the action of the settling
basins, In plants where the basing are
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small, filters have to be washed every
10 or 12 hours, increasing the ex-
pense for labor, wash water and
power. With the settling basing
planned for this plant the beds should
not require washing so frequently, and
if the rung can be lengthened to two
or three days, the operating expense
will be somewhat reduced.

The reverse current of wash water
raises the sand in the bed, separating
the grains and removing the foreign
material which has accumulated. The
blowing of compressed air through the
bed churng the sand, with a scrubbing
action, thus increasing the efficiency
of the wash.

Efficiency of Filters:

Filter beds of sand remove bacteria
because these organisms, though living,

from a mechanical standpoint are sim-
ply particles of suspended matter. Al-
though bacteria are naturally exceed-
ingly minute, they are flocculated by
the coagulant and entangled sooner or
later on the sticky gelatinousg coating
of the sand grains. The filtering ac-
tion is so thorough that lake water
containing several thousand bacteria
per cubic centimeter should, when fil-
tered, contain less than 100. A small
amount of hypochlorite of calcium
added to the filtrate will remove the
few bacteria remaining.

Filtered Water Supply to High
Service!

From the filters, the effluent passes
to the filtered water reservoir. The
importance of adequate capacity has
already been commented upon, to in-
sure efficient operation, not only as a
safeguard against sudden changes in
the rate of filtration (which are detri-
mental to the quality of the efluent)
but also to reduce the number of at-
tendants to a minimum.

The filtered water will then flow to
a new pump well to be built outside
the existing pumping station. From
this the high service pumps will force
the water into the present maing,

SUMMARY.

Our conclusiong are:

1. At certain seasons of the year
the water supply of Hvanston is both
polluted and turbid.

2. 'The diversion of the sewage will

undoubtedly remove most of the pol-
lution, but it will not make a clean
water.

3. The extension of the intake is
inadvisable for Evanston.

4, Filtration will afford permanent
relief. A sterilizing agent such as
hypochlorite of calcium should be used
ag a finishing process.

5. A filtration plant of the rapid
gravity (ov open) type is required of
normal capacity 12 million gallons per
day.

6. The proposed site is adequate
for such a plant.

7. The cost of a 12 million gallon
rapid filtration plant will be $183,675.
Low lift pumps will cost an additional
$20,900,

8. The use of water in Evanston is
excessive, and wasteful. A yearly av-
erage of 100 gallons per capita daily
should prove ample,

9. A complete system of meters will
reduce the waste, and allow ample wa-
ter for every reagonable use,

10, The present pumping equipment
is inadequate, not only in capacity and
flexibility, but principally in lack of
reserve,

11, The continued use of steam for
the high and low lift pumping is eco-
nomical,

Our recommengations are:

1. That a rapid filter plant (of the
gravity or open type) of 12 million
gallons capacity should be built on the
proposed site at an estimated cost of
$204,575, including the low lift pump-
ing equipment, provided immediate
steps be taken toward the reduction of
excessive rates of pumpage.

2. That immediate steps be taken
to install two additional 5 million gal-
lon centrifugal pumps, driven by di-
rect connected steam turbines. These
are to run on the high service.

3, That the meter system be ex-
tended to all services so that the en-
tire city may be metered ag soon as
possible,

We trust that we have made our
position clear in the matter at hand
and that our conclusiong will meet
the approval of your honorable com-
mittee,

We take occasion here to thank you
for your courtesy to us and the uni-
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form readiness with which your staff
has afforded us information.
Signed:
W. W, Jacksox,
LANGDON PREARSE,
Consulting Engineers.
Chicago, Ili., Aug. 28, 1912, -

APPENDIX A.

Report giving results of Pitometer
test of pump slippage on the three
pumping engines at the Evanston wa-
terworks pumping station, June 17 to
22, inclusive, 1912,

Test on 12 Million Gallon Pump:

There are four water cylinders, the
dimensiong of each being:
Plunger diameter 29

660.52 square inches.
Rod diameter 514 inches, area 23,76
square inches,
Stroke, 38 inches.
Plunger displacement per revolution
==98593.28 cu. in.

inches, area

= 57,06 cu. ft.
= 427.9 gallons
Slip Speed

Test Revolutions Slip.

.Number per Minute Per Cent,
1 18.4 4.1
2 18.8 3.3
3 13.3 5.2
4 13.1 7.3
1) 9.4 4.9
6 9.6 7.6
Average, 5.4

Test on Five Million Gallon Pump:

There are four water cylinders, the
dimensions of each being:
Plunger, west side, diameter 18 1-16
inches, area 256.24 sq. in.
Rod, west side, diameter 3 inches,
diameter

area 7.07 sq, in.
Plunger, east side, 1814
inches, area 258.02 sq. in.
Rod, east side, diameter 3 inches,
area 7.07 sq. in.
Stroke, 28 inches,.
Plunger displacement per revolution
==28402.64 cu. in.
—  16.436 cu. ft.

= 123.28 gallons’

Slip Speed
Test Revolutions Slip.
Number per Minute Per Cent,
1 18.6 5.6

2 17.3 6.2

3 27.6 5.4
4 27.6 3.7
Average, 5.2

Test of Two Million Gallon Pump:
(Only one plunger measured)
Plunger, diameter 9 1-16 inches, area
64.49 square inches.

Rod, diameter 2 inches, area 3.14

square inches.

Stroke, 24 inches,

Plunger displacement per revolution
=13080.64 cu. in.
== 7.67 cu, ft.
=  56.77 gallons

Slip Speed
Test Revolutions Stip.
Number per Minute Per Cent.
1 32.4 28.8
2 28.7 27.05
Average, 27.9

Report of results of Pitometer test
on the two 6-inch Crown meters lo-
cated at the intersection of Sheridan
Road and Hill street, Evanston, June
21, 1912.

Meter No. 137450 located in Sheridan
Road north of Hill street:

Test lasted one hour.

Volume of water regis-

tered by Pitometer =1760. cu.ft.
Volume of water regis-
tered by Meter =—1380. cu. ft,
Slip = 380, cu,ft.
Slip = 21.6%

Meter No. 141182 located in Hill
Street just off of Sheridan Road:

Test lasted one hour.
Volume of water regis-
tered by Pitometer
Volume of water regis-

—1981.2 cu. ft.

tered by meter —1380. cu. ft,
Slip = 601.2 cu. ft.
Slip = 30.3%

In both caseg the meters read too

low.
‘W. D, Gerber,
HEngineer of Tests.

APPENDIX B.
Cost of Pumping With Steam and
With Electric Power,

With Reference to Proposed

Additions to the Hquipment

of the Evanston Waterworks.
In the preceding pages we have de-
scribed the present equipment, and

(Signed)
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have shown that it is necessary to in-
Crease the pumping capacity of the
Evanston Waterworks pumping sta-
tion, to provide a desirable reserve.
The condition of the pumping eguip-
ment is accurately indicated by the
tests made by Mr, Gerber (Appendix
A). The 2 million gallon unit is very
wasteful and might be removed to ad-
vantage, making room for more eco-
nomical pumps of greater capacity.

To properly equip your pumping sta-
tion for all contingencies (unless the
number of metered services be rapidly
increased), we would resanmenc i
ingtallation of two centrifvesl nImns,
cach of five million gallon capacity, to
work against a nominal lift of at least
120 feet. Steam turbines or electric
motors may be -used to drive these
pumps, direct connected,

For this extension electric power
has been favored by some, and in addi-
tion the conversion of the entire equip-
ment has been urged. We have there-
fore gone into the relative merits of
steam and electric drive for your con-
ditions,

2

‘Cost of Addliticnal Migh Service
Equipment:

Two centrifugal pumps, direct con-
nected to. electric motors, with pump-
ing capacity of 5 million gallong daily
against 120 feet head, will cost about
$6,000 each, including motors, trans-

o

formers, wiving, ete, Steam turhive
uhits could probably be installed for
about the same figure, but the con-
denser, piping, ete,, would add about
$3,000 additional for the two units.
This makes a lower first cost for the
two electrically driven units of $12,000,
compared with a cost of $15,500 for the
two steam turbine driven units, How-
ever, other factorg must be consid-
ered in making a choice, since operat-
ing cost and regularity of service may
carry as much weight as low first cost,
By removing the old two million
gallon Holly pump, and remodeling the
entrance gallery, sufiicient floor space
can be made to readily care for two
centrifugal units of either type and
may cost about $1,500,
their appirtenances. ‘Chese changes
In order to make our comparison
more thorough we have also consid-
ered an alternative installation of two
5 million gallon pumping engines, of
high duty type. It is possible that one
unit can be installed in the space pro-
posed, but the second unit would re-
quire an extension to the pumping sta-
tion. The cost of the high duty units
would be about $15,000 each or $30,000
for the two, including condensers. An
additional amount of $2,000 would be
required for remodeling and piping be-
sides about $5,000 for extension of
building and foundations. This makes
a much greater first cost, although

TABLE

NO. 10.

Average and Maximum Daily Pumpages by Months, 1910 and 1911,
With Caiculated Peak Ratings.

PUMPAGE
Miliion Gallons Per Day

Peak Rating in
Horse Power

Average Maximum Calculated Basedon509%
Average Daily Daily Peak Rate Efficiency
Months. 1910 1911 1910 1911 1910 1911 1910 1911
January ...... 5.73 5.29 6.77 6.20 9.5 8.7 399 365
February ..... 5.71  4.87 6.38 5.19 9.0 7.3 378 307
March ....... . 5.19 4,64 5.82  5.00 8.1 7.0 340 294
April ......... 5.41 4.78 5.78  5.26 8.1 7.4 340 31t
May .......... 5.20 6.08 5.78  9.97 8.1  14.0 340 588
June ,......,. 7.87  7.06 11.52 10.74 16.1  15.0 676 630
July .......... 9.30 9.15 11.82 12.07 16.5 16.9 693 1710
August ......, 8.42  6.42 12.083 8.65 16.8 12.1 706 508
September 6.06 5.92 7.32  9.09 10.2  12.7 428 533
October ....... 5.58 5.33 6.21  6.21 8.7 8.7 365 365
November ..... 5.21 4.98 6.59 5.61 9.2 7.8 386 328
December ..... 4.93 4.82 5.49 5.56 7.9 7.8 323 328
Average ...... 6.218 b5.777 7.625 6.779 10.67 10.45 448 438.%
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providing somewhat more economical
pumping machinery.
Cost of Pumping:

In the case of very small pumping
stations in which the cost of labor is
very high for every million gallons
pumped, there is little dount that true
economy hag resulted from the use of
electric power purchased at two, three,
and even five cents per kilowatt hour.
But as the load or pumpage of the
plant grows, the balance in favor of
the motordriven pumps declines and
disappears. The rate at which power
ig bought and the manner of comput-
ing the amount used materially affect
any general discussion,

The entire cost of operating the
pumping station in Evanston during
the year 1910 amounted to $21,240.47
exclusive of fixed charges, or deduct-
ing expenditures on intake, wells and
well house, residence and grounds, and
the salary of the advisory engineer,
none of which is directly applicable to
the cost of pumping proper, the charge
for pumping was $17,271.92, Allow-
ing a slippage of 15 per cent on the
total displacement of 6,217,782 gallons
per day, and a lift of 120 feet, the total
output of the plant would amount to
974,270 water horge power hours per
year produced at a cost of 1.8 cents per
water horse power hour, A similar
analysis for 1911 give the charge for
pumping $16,318.39 on an average dis-
placement of 5,777,008 gallong per day.
The cost per water horse power hour
is practically the same.

The electric power may be purchased
in Bvanston from the North BSihore
HElectric Company or from The Sani-
tary District of Chicago. The price
made by the latter is a rate of $26.40
per electric horse power per annum,
the amount used in each month being
charged for on the basis of the peak
load during that month, with an addi-
tional charge based on the interest and

depreciation charges on the prorated

portion of the cost of the transmission
line between Chicago and Evanston.
Although the efficiency of a centri-
fugal pump under the most favorable
conditions may exceed seventy per
cent, we estimate that fifty per cent
for the motor driven pumping unit is
as high ag can safely be allowed under
working conditions, The average peak
load in 1910, based on fifty per cent
efficiency of the pumping units (Table

10), would amount to 448 electrical
horse power, Exclusive of the fixed
charges on the line thig would cost
$11,827.20. The interest and deprecia-
tion on the power line (10 per cent
on $16,500, half the cost of the line),
would increase this to $13,477.20.

Agsuming that the operating force
required for the motor-driven equip-
ment would comprise the present Chief
Engineer and the two assistants for
the three tricks, with one helper in the
day shift, the salaries would amount
to $3,775 per annum. Repairs and sup-
plies, heating, light, ete,, would cost
approximately $1,000, making the total
annual expense exclusive of any iixed
charges on the equipment:

current ...vienier i $11,827.00
Charges on transmission line 1,650.00
Salaries .c.ov v 3,716.00
Repairs and supplies........ 1,000.00

$18,252.00

On the actual load of 974,270 water
horge power hours an electrical load of
1,948,640 horge power would be re-
quired on the basis of fifty per cent
efficiency, or 1,453,611 kilowatt hours,
The current costs 0.92 cents per kilo-
watt hour of actual use.

The operating costs for steam under
the present conditions are therefore
lower than for the electrical power,
on the basis of handling the entire
pumpage. Operating costs, alone, how-
ever, are not the sole criterion. An-
nual costs, including fixed charges,
would be considered in an entirely new
proposition, where a pumping station
is built from the ground.up. This is
not the case here, for a plant already
exists which cannot be wiped out.

If a complete electrical installation
ig planned with reserve, the existing
steam plant being removed, then the
fixed charges on the machinery must
be considered. This scheme, however,
is not advisable, as the present pumps,
with the exception of the 2 million gal-
lon Holly pump, are in shape to stay
in service.

If, however, a sufficient electrical
installation be made only to act ag re-
serve capacity, then the first cost would
nearly balance the cost of steam driven
units, so that fixed charges would not
materially affect our comparigon, In
this case, the electric pumpg might be
carried only as a reserve or to help
care for the peak load. Although this
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might prove economical if current
could be bought at a low rate per kilo-
watt hour actually used, we do not be-
lieve it would prove so if the bills are
rendered on the hasis of monthly peak
load. For it can readily be seen that
a pump might be operated only a few
hours yet the charge would cover the
lcad as though used through an entire
month,

Comparison of Service on Extension:

To show more concretely the effect
of the method proposed for peak load
charges, we have estimated the cost
of pumping under an assumed basis of
actual work. The pumps are supposed
to be installed in the present station,
working as a reserve, taking the peak
load ag well, and running occasionally
on the full load.

The figures given for the steam tur-
bines are based on a duty of 50,000,000
foot pounds per 1,000 pounds of steam
and an evaporation of 8 pounds of
steam per pound of coal. The cost of
boilers and appurtenances have been
taken at $30.00 per boiler horse power,
For the electrically driven outfli an
efficiency of 50 per cent is assumed.
The cost of electrical power is taken
at $26.40 per horse power per year for
24 nour service, figured on the month-
1y peak load.

For sake of comparison we shall as-
sume that the two units pump 500
million gallong during the year, at a
maximum rate of § million gallons per
day. To pro-rate the boiler room
charges we shall assume that a total
of 2190 million gallons was pumped
during the year and charge off to the
steam turbines their proportion of the
boiler room expense. The use of the
electrical power is based on the peak
load, in this case 5 million gallons
per ‘day. With an efficiency of 50 per
cent this requires 210 electrical horse
power, if used every month in the
year,

Steam Turbine Driven Pumps,
‘Operating Cost and Fixed Charges:
Fuel, 625 tons at $3.75 per ton,
delivered .............. ...$2,343.75
Firemen, 500-.2,190 x 2,7756.00

pro-rate expense .......... 633.56
‘Supplies and repairs on pumps 150,00
Supplies and repairs on

boilers, 7% on $9,000...... 630.00
Interest on pumps and equip-

ment, 4% on $15,600....... 620.00

0
oS

Depreciation on pumps and
equipment, 5% on $15,500. .,
Interest on boiler equipment,
4% on $9,000..............
Depreciation on boiler equip-
ment, 5% on $9,000.......

776.00
360.00
450.00

$5,962.31

Electrically Driven Pumps,
Operating and Fixed Charges:

Power, 210 H. P. at $26.40...$5,544.00

Supplies . ..ovviiiiiinan, 50.00
Interest on depreciation power
line, 10% on $16,500....... 1,650.00
Interest on pumps and equip-
ment, 4% on $12,000...., . 480.00
Depreciation, 5% on $12,000.. 600.00
$8,324.00

From this comparison it will be seen
that the cost of electrical pumping is
very much higher than for steam when
the pumps are not run continuously on
constant load. Over 1,000 million gal-
lons would have to be pumped with
the steam turbine unit before the cost
of steam would nearly equal the cost
of electrical pumping. Thig is about
50 per cent of the total yearly pump-
age. With the present pumping equip-
ment running, the centrifugal pump
sets would probably not be called on
for any such service. Even if run dur-
ing 8 months of the year, the compari-
son favors steam, particularly as the
total pumpage assumed ig fairly high
for a reserve service.

Reliability of Service:

In a plant of your size without any
reservoirg or standpipe on the distri-
bution system, it is essential to have
a source-of power as reliable as possi-
ble, to insure the continuous operation
of the waterworks, not only for sani-
tary reasons, but above all for fire pro-
tection, Fire protection ig required
twenty-four hours of the day through-
out the year. Steam power generated
in place is considered reliable, when
sufficient reserve is provided. Hlec-
trical power generated at a distafice
and brought in by transmission lines
is not so mafe, unless several sources
of power are available and are con-
nected. To guarantee thig reliability
of electrical gervice, any power com-
pany would require an additional pay-
ment, regardless of actual use, Hence,
with one source of electrical power,
steam reserve is definitely required, in
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a plant where continuity of service is
so vital.
Flexibility of Operation:

For mechanical reasons we believe
that the steam turbine driven pumps
will be superior under your conditions,
particularly for the low lift service of
the proposed filtration plant. Alternat-
ing current motors are built to run at
practically constant speed. Flexibility
of operation ig much reduced and more
pumping units are required. The
steam turbine, on the other hand, will
run at varying speeds, giving a range
in deliveries, and permitting the use
of a few pumping units on the low lift
service.

Service for Filtration Plant!

Most of the foregoing applies equally
well to the low lift service, if the fil-
tration plant be built. We do not,
however, expect such wide variations
of rate in the low lift pumping, since
the peaks of the high service would
be carried by the storage in the fil-
tered water basin. This would be
more favorable to the application of
electric power. It is not probable
that any particular economy would
acerue, and the criteria of reliabil-
ity and flexibility would still apply.

Nevertheless there is a use for
the electric power in operating the
auxiliary machinery in the filter
plant, comprising the wash-water
pump, air compressor and stirring ap-
paratus. In their use, we have pro-
vided storage which should tide over
any ordinary interruption of electrical
service. Rlectric light can be used
also. About 60 kilowatt hours will
be required for all this auxiliary serv-
ice.

Conclusions,

From our study of this problem
with reference to your conditions, we
believe that no increase in economy
is to be gained by the substitution of
electricity for steam, particularly for
intermittent service, For the exten-
sion of your equipment we would,
therefore, recommend the use of
steam turbines direct connected to
centrifugal pumps, each unit having
a capacity of five million gallons per
24 hours, through a lift of not less
than 120 feet. We believe sufficient
space will be provided by the removal
of the existing two million gallon
Holly pump.

For the low lift service of the fil-
tration plant, we believe steam tur-
bine driven pumps suitable. Electric
power, however, will be desirable for
the auxiliary machinery such as the
wash-water pumps, air compressor
and stirring apparatus, as well as for
the lighting.

APPENDIX C.
WASTE PREVENTION.,

Per Capita Consumption,

The total amount of water deliv-
ered into a distributing system,
whether economically used or wasted
through broken or leaky pipes or
mains, is known as the “consump-
tion.” TUsually it is stated in terms
of the average daily consumption
throughout the year on the basis of
the total population of the town or
city. In Evanston and Wilmette, as
in most larger cities, this factor is
equitable, as the number of con-
sumers approach very mnearly the
total population. Thus a suitable
basis exists for the comparison of the
per capita consumption with that of
other and larger cities. With a com-
bined population of 29,921 by the
United States Census of 1910, the
consumption in Evanston and Wil-
mette was 208 gallons per capita for
the yearly average based on gross
pumpage, or with an allowance of 1b
per cent for slip, 177 gallons. The
maximum daily consumption of 12,
034,800 gallons vrepresented a per
capita consumption of 402 galilons, or,
deducting 15 per cent for slip, 342
gallons net.

Different Uses of Water,

Evanston is essentially a residen-
tial city; thus the commercial use
of water is limited. All services of
this class are metered, the registra-
tion amounting to about 15 per cent
of the total consumption or approx-
imately 30 gallons per capita. It is
believed, however, that a consider-
able portion of this would ordinarily
be classed as purely domestic,

Water is used very freely for pub-
lic purposes, though with the exten-
sion of the oiled roads the use in
street sprinkling has been checked.
Drinking fountains and horse troughs
flow freely, and the small parks are
sprinkled lavishly. Twenty four
sprinkler nozzles have been observed
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operating simultaneously in the park
south of the Life Saving Station,
thres at the public school in .Sher-
man avenue, and seven on the small
grounds surrounding the Public Li-
brary, A considerable quantity is
also used in flushing sewers, blowing
off dead ends, etc. Though no meas-
urements are available, we estimate
the consumption of water for public
purposes, by comparison with that in
other cities, to be ten gallons per
capita daily.

We are advised by the line fore-
man in the Evanston Water Works
that leaky joints or services cannot
escape notice, as mere drips will al-
ways show at the surface. TUnless,
therefore, such leakage finds its way
undetected to sewers or drains close
by, the loss from this cause would
seem to be inconsiderable. The al-
lowance of 2,500 to 3,000 gallons per
mile of pipe, suggested by Mr. Emil
Kuichling, for use in ordinary condi-
tions, would amount in Evanston to
about seven gallons per capita, In
Washington, D. C. (B, S. Cole, Amer-
ican Water Works Assm, 1912), a
leakage of 27,265,000 gallons daily from
2,600 leaks in the distribution system
was found prior to October 28, 1911
amounting to ahout 82 gallons per
capita, none of which showed above
ground, It is improbable, however,
that unaccounted for losses will ever
approach this high figure in Evans-
ton. We sghall assume that the al-
lowance of 15 gallons per capital per
day represents the unavoidable loss
from the distribution system, This is
derived from very careful studies
made by Mr. Dexter Bracketf on the
distribution system of the Metropoli-
tan Water Board in Boston and its
environs,

The consumption through domestic
or residential services may bhe deter-
mined by deducting the above esti-
mated quantities from the total con-
sumption. The total average con-
sumption for the Evanston and Wil
mette, 1910, the year of the last de-
cennial United States census, may be
apportioned as follows:

Gallons
per day.
Average daily consumption
for 1910 ....... oo, 6,217,800
Less 15 per cent slip in
pumps (estimated) ....... 932,670

Nebe ot it ianiinnnns 5,285,130

Total consumption in Wil-
mette (Corrected for un-
derreading of meters...... 536,765
Net consumption in Evans-
ton, gallons per day ...... 4,748,375
Net consumption in Evans-
ton, gallons per capita per
day o 190
The net daily consumption in Ev-
anston may be distributed as follows:
: Gallons
Gallons per capita
per day., perday
The use for com-

mercial purposes 750,000 30
The use for public
purposes ....... 250,000 10
The unavoidable
losses .......... 375,000 i5
Domestic consump-
tion ........... 3,373,375 135
Total......... 4,748,375 190

Variable Demand,

The fluctuation in the rates of con-
sumption, both seasonal and hourly,
is very violent, The chart (Fig. No.
2) indicates a daily average demand
for maximum months exceeding the
average for the year by upwards of
50 per cent, whereas this maximum
rarely exceeds the average by more
than 25 per cent, even in metered
cities. The heaviest consumption is
always found in Evanston in the hot
summer months, the cold weather
peak being comparatively insignif-
icant. The maximum daily pumpage
exceeds the average for the month
in which it ocecurs by about 30 per
cent, and the average for the year
by nearly 100 per cent, The mini-
mum daily pumpage in 1910 amount-
ed to 4,196,700 gallons, or about two-
thirds of the average, and one-third
of the maximum day,

In the city of East Orange, N. J,
with a population of 34,400, living in
detached houses, the average daily
consumption in 1910 was 3,165,200
gallons. The maximum daily pump-
age reached 4,200,000 gallons in July
(122 gallons per capita) and the mini-
mum fell to 2,200,000 in January (64
gallons per capita).

The hourly variations in Evanston
are known for a short period of two
months only, in the early summer of
1912, Curves plotted (Fig. No. 3)
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for the hourly pumpage rates on June
11, 14, 15 and July 6 show clearly
the effect of temperature and weath-
er conditions.

The maximum hourly rate is about
40 per cent greater than the average
for the day. A still closer separation
on observations made at intervalg of
five minutes shows momentary rates
50 per cent above the average for the
day, 'The average for the 24 hours
at the same time is kept up by a
high night rate, the consumption for
the small hours of the night holding
10 a rate of 100 gallons per capita
during the moderate weather,

The exceedingly high summer de-
mand is of course due to the very
large quantities of water used for
lawn and garden sprinkling, which
extends over the daylight hours anl
far into the night, and is by many
consumers continued throughout the
24 hours. There is also a consider-
able steady demand through the 24
hours caused by losses from leaky
plumbing and fixtures.

Regulation of Water Consumption.

The cities bordering on the Great
Lakes are fortunate in having an in-
exhaustible supply of water at their
doors. They have, therefore, been
slow to recognizze the necessity of
preventing waste or the extravagant
use of the water supply. Heavy pro-
duction costs have been tolerated,
and equipment has been provided to
meet the demand, without question.
With no necessity for husbanding a
limited supply there has been a dis-
position to let the people have what
they wanted so long as the public
was willing to pay.

There has been and is now a wide-
spread impression that the reduction
of waste necessitates a restriction in
the use of water, This has made it
difficult in many cities to so reform
the relations between producer and
consumer that the individual owners
of properties as well as the city as
a whole would be financially bene-
fited, without depriving any person
of the right to take as much water
as can properly be used.

Under the “readiness to serve” or
fixture schedule for water rates there
is no individual responsibility on the
part of the consumer, It is the fault
of the system under which water has

been distributed and sold that care-
lessness or heedlessness on the part
of the consumer will permit the con-
tinuance of a known leak. Leaky
fixtures will be found on the major-
ity of premises gserved on schedule
rates. Few consumers, moreover, are
able to appreciate the amount of loss
from an apparently negligible leak.
In a personal investigation at Augus-
ta, Me, in 1903, Langdon Pearse
found a consumption of 1,200 gallons
per day for a household of six per-
sons, with barn, horse and cow. A
leaky ball cock on a water closet
flush tank was repaired by a plumber
at a cost of 50 cents, and the con-
sumption then dropped to 300 gallons
per day or less, showing a clear leak-
age of 900 gallons or 150 gallons per
capita daily directly traced to leaky
fixtures.

The waste of water may be some-
what reduced by frequent inspections
and policing on the part of the au-
thorities, but, while the imposition
and rigorous enforcement of many
petly regulations may be acceptable
in many Huropean cities, the system
would be resented under the condi-
tions obtaining in American cities.
This method, too, will be productive
of good results only so long ag it i
vigorously followed up.

The alternative is in the general
use of meters. This has proved suc-
cessful in many cities in reducing un-
necessary waste to a minimum. It
provides for that individual responsi-
bility which is required to produce
in the consumer a personal interest
in the stopping of leaks and waste
on his premises, Moreover, ag im-
portant a point is this, that the gen-
eral use of meters distributes more
equitably the burden of the main-
tenance of the water works system
by proportioning the charges assessad
to the service rendered.

In an opinion by Vice Chancellor
(now Supreme Court Justice) Pitney
in 1906, in a case involving the city
of East ‘Orange, N. J., the following
statements are made bearing on the
subject of meters and the waste of
water:

“Moreover, since it is the duty of
the city to equalize as nearly as prac- )
ticable the burden of the maintenance
of the water plant, much may be said
in favor of the position that such duty
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involves the establishment of a uni-
versal meter system. .

“Moreover, I will venture the ob-
servation that it is a serious ques-
tion whether it is entirely consistent
with a sound public policy and true
civic virtue to encourage and persist
in guch a wanton waste of potable
water as is now the fashion in many
cities, and was exemplified in that of
East Orange.”

The East Orange supply is taken
from wells, The per capita consump-
Eion is about one-half that of Hvans-
on,

Experience is the most reliable
guide by which to judge of the ef-
fectiveness and permanence of the
waste prevention methods. It is illu-
minating to note that in no case
where meters have been introduced
has a city ever gone back to former
methods, and in no one hag there

failed to be a steady increase in the
percentage of water sold by meters.
All have endorsed the method by
rapidly extending it. The results of
the introduction of the meter gystem
in a large number of American and
German cities is summed up in a re-
port on the “Waste of Water in New
York, and its Reduction by Meters and
Inspection,” made to the Merchants’
Association of New York, in 1906, by
Mr, James ¥, Fuertes, C. H., as tol-
lows: .

“First. Wastage and leakage can be
quickly stopped and permanently sup-
pressed without depriving any citizen
of the use of as much water as that to
which he has been accustomed, That
the question of the suppression of the
greater part of the wastage is to all
intents and purposes merely a hunt for
leaks followed by the watching of the
different consumers and the insisting
that they keep fixtures from leaking,

TABLE

NO. 11,

Per Capita Consumption and Other Uses.

Busginess Other Use
Use Per and Un-

Place. Capita  accounted Total Per cent

Per Day, For, Use. Census of Taps

Gals. Gals, Gals, Population Metered
Woonsocket, R, I..... 10 23 ' 33 38,125 87
Brockton, Mass. ..... 13 24 37 56,878 100
Bayonne, N. J........ 66 41 107 55,545 99
Cleveland, Ohio ...... 56 42 98 560,663 98
Lowell, Mass. ....... 3% 48 51 106,294 79
Newport, Ky, ........ 12 48 60 35,000F 31
New Bedford, Mass. ., 27 b4 81 96,652 48
Taunton, Mass. ...... 8 54 62 34,259 50
Rochester, N, Y...... 24 b6 80 218,419 99
Harrisburg, Pa. ...... 73 57 130 64,186 83
Worcester, Mass. .... 14 58 72 145,986 96
Utica, N. Y.......... 26 62 88 74,419 100
Toledo, Ohio ........ 30 63 93 168,497 78
Battle Creek, Mich... 17 65 82 25,267 95
Milwaukee, Wis, ...,. 44% 65 109 373,857 98
Yonkers, N, Y........ 41 61 102 78,808 100
Wilmington, Del. ..... 46 72 118 87,411 34
Cincinnati, Ohio ..... 32 96 128 364,463 33
Jersey City, N. J..... 57 105 162 267,779 9
Detroit, Mich, ....... 50 108 158 465,766 9
Washington, D. C..... 30 147 177 331,069 25
Erie, Pa. ............ 59 148 207 66,525 3
Buffalo, N. Y......... 62 251 313 423,715 4

*Buginess use said to be very little, but the figure 3 is the estimate of

the writer,
fPopulation is of district supplied.

iThirty-six gallons are known to be used by manufacturing plants and
raflroads, and probably eight by store, saloons, ete.
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“Second. That sale of water by
measure has no tendency to restrict
the use of water, but does notify the
owner when the leakage from the fau-
cets and other fixtures is serious
enough to require attention, That wast-
age from domestic premises is rare,
but that leakage is prevalent. That
tenants do not wilfully waste water,
and that the blame for the present
condition in New York rests not upon
the hundreds of thousands of users of
water, but upon the relatively few
owners who neglect to keep their
plumbing in order as required by the
city ordinances, That the responsi-
bility for this state of affairs rests
primarily with the system under
which the water is sold. That the
sale of water by meter does not work
a hardship on owners of property rent-
ed to tenants; in practically all cities
from Berlin to Asbury Park, the
water taxes are liens on the property,
and yet in no city where the system
has been adopted permanently, and
where the rates have been properly
adjusted, would either the water works
managers or the inhabitants of the
city go back to the old system.”

Our own experience leads us to dif-
fer with Mr, Fuertes in this, that we
have found many cases of owners liv-
ing on the premises, as well as ten-
antg, entirely unmindful of any re-
sponsibility to prevent totally useless
and uncalled for losses of water.

Comparison with Other Cities:

The comparison of the use of water
in Evanston with the consumption in
other cities will show how unreagon-
able ig the present condition in Hvans-
ton. Although the needs of cities
vary, many are in the same class, be-
ing residential towns, built up with
detached houses. Typical cities are
listed in Tables 11 and 12, which
were taken from a paper by Edward
W. Bemis, printed in the Engineering
Record, December 2, 1911, Table 11
illustrates the variation in the use of
water whereas Table 12 is designed
to show the direct effect of meters
in reducing the consumption
capita.

In Table 11 considerable variation
in businesg use appears, ranging from
3 to 66 gallong per capita. This of
course depends on the characters of

- Massachusetts.

per

the industries. The ‘“other use and
unaccounted for” covers the domestic
consumption, leakage from mains and
a]ll other uses. In most of the cities
listed this is much lower than in
JSvanston, for which we bave calculat-
ed the business use of 30 gallons per
capita, others use 160 gallons, and a
total use of 190 gallons per capita in
1910. Wellesley, Mass.,, and Madison,
Wis., might readily be compared with
Tvanston, in residential character,
with a college campus and buildings.
Yet Wellesley uses only 46 gallons per
capita and Madison 56. The per cent
of services metered, however, is 100
in Wellesley, 99 in Madison, and only
19 in Bivanston,

Table 12 shows very clearly the ef-
fect of thorough metering in reducing
the daily consumption on both resi-
dential and in manufacturing cities
of all sizes. In every city listed there-
in the total consumption is far less
than that of Hvanston, and several
cities &ven consume less than 50 gal-
lons per capita.

Table 13, however, is most instruec-
tive, being a compilation of the water
consumption of eight towns supplied
by the Metropolitan Water Boara in
This board is a State
Commission, controlling the water
supply of Boston and the surround-
ing towns, with a total population
close to a million, The eight towns
celected are all residential suburbs of
Boston, largely inhabited by commut-
ers. The conditions closely resemble
those at Hvanston. From this table
it ig readily seen that by thorough
metering, accomplished during three
years, the consumption per capita has
been cut 29 per cent to a very reason-
able figure—54 gallons per capita
daily.

Ownership and Care of Meters.

In order that the meter .system
should operate to best advantage, it is
necessary that the meters should be
under the absolute control of the man-
agement of the water works. And to
this end it is highly desirable that
the meters be purchased and owned
by the municipality. Meters require
inspection and testing as well as
cleaning, repairs and renewals, The
consumer is naturally suspicious of
any “monkeying with his meter be-
cause the bill was not big enough”
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TABLE NO, 12,

Meters and Daily Consumption in Gallons, Per Capita.
(New England Waterworks Association.)

Piace.

Walertown, Mass. ....
Wellesley, Mass.
Brockton, Whitman and Hanson, Mass,
Fall River, Mass......................
Madison, Wis.
Reading, Mass,
Ware, Mass.

Burlington, Vi,
Westerly, Mass.

Harrisburg, Pa. ! .
Lowell, Mass,

Arlington, Mass,
Dover, N. H.oooovoi oo
Taunton, Mass.
Chelsea, Mass.

Cambridge, Mass,
New London, Conn..........c.........
Haverhill, Mass.
Reading, Pa.

Detroft, Mich., .............. ... ... ..
Holyoke,, Mass,
Louisville, K¥. vvvvviniiiiiinanennn,
Houcester, Mass,

Woburn, Mass.

Per Cent. of Gallons
Service Daily per
Population Metered Capita

18,000 100 | 45
13,000 100 43
12,630 100 . 60
7,035 100 46
63,400 99 36
115,097 99 46
29,906 99 56
5,760 92 32
9,000 93 48
62,000 90 43
39,750 88 59
35,809 86 36
21,500 85 46
13,600 86 50
6,200 85 23
70,000 78 143
96,380 77 54
14,200 67 40
88 397 a8 120
11,500 55 74
15,000 53 49
30,267 50 70
35,475 48 S1
75,600 43 84
95,000 38 79
965,490 28 124
103,000 27 98
22,000 16 122
45,000 15 106
101,210 14 126
35,000 10 89
440,618 9 167
54,698 9 103
260,000 8 82
3,800 5 48
14,400 3 126

and his judgment is not good when
the conditions demand its replace-
ment, The cost to the community is
no greater and probably less than
when the individual buys and sets his
meter. If necessary, a small rental
can be charged or covered by the
minimum rate,

Expected Reduction in Consumption.

There is no doubt that a consider-
able reduction will follow the general
and complete metering of the City of
Evaston, as this has followed wher-
ever the system is tried out. The de-

gree or percentage of reduction can-
not be accurately determined in ad-
vance, though a study of the quanti-
ties used in other cities similarly situ-
ated and which are more or less com-

" pletely metered, indicates a cut of 40

per cent to a rate of little more than
100 ~gallons per capita per day.
Neither can it be accurately deter-
mined to what extent the hourly and
seagonal fluctuations will be reduced,
and it is therefore unsafe to consider
reducing the capacity of the proposed
filter plant to such a degree that it
would be unable to take care of the
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present maximum daily consumption,
with a suitable margin for safety,

No direct ratio exists between the
per capita rate and the percentage of
services metered. In various cities
the conditiohs produce different re-
sults, Built up with detached houses,
with large lawn areas, and with no
fear for the permanence and adeguacy
of the gource of supply, the City of
Evanston will of course demand much
more water than will a German city
in which the conditions of living are
directly the reverse,

To meter only those services for
which a meter is requested by the
owner will be disappointing, if de-
crease of consumption or increase of
revenue is to be expected. The con-
sumer who wants the meteris gener-
ally the user of small quantities, who
naturally plans to save expense by the
change. It is the wasteful or free user
whose service should be regulated for
the public good. This can be accom-
plished only by the general and com-
pulsory installation of meters.
Results of Waste Prevention.

It is not mecessary in BEvanston, to
conserve the water supply through
any fear for the adequacy of the
source, And if the burden of cost is
properly and equitably distributed
there is perhaps no objection at this
time to the free use of water by those
who stand ready to pay for it. But
by reducing the quantities through
the elimination of waste and extrava-
gance, the cost of operating the de-
partment would be reduced by a con-
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siderable saving in fuel and labor,
and with the inauguration of the pro-
posed filter plant this saving would
be multiplied.

Under present conditions the distri-
bution system is overloaded, and water
maing must be enlarged or duplicated
in order that satisfactory pressure
shall be maintained in certain parts
of the city. With proper regulation of
consumption such maing might per-
form their functiong for several years
to come, The pumping station equip-
ment is inadequate and must be sup-
plemented by the installation of new
pumping engines to provide a suitable
reserve, and thus the fixed charges on
unnecessarily large plants is added to
the annual operating costs.

Objections to Metep System.

Opponents of the meter system have
urged that the tendency with metered
gservices will be to reduce the use of
water below the quantities necessary
for hygienic purposes. With a very
few this might be the case, but by
the establishment of a suitable mini-
mum term payment, this possibility
is avoided. The minimum charge of
$3.00 per half year in the Hvanston
tariff of water rateg allows at the rate
of 12 cents per 100 cubic feet one
hundred gallons per day for each serv-
ice, which is sufiicient for all sani-
tary purposes for an ordinary family.

Other objections are more or legs
fantastic, such as the alleged in-
fluences of meters in increasing ty-
phoid and other water-born diseases,

TABLE NO, 13.

Consumption in the Eight Most Completely Metered Places in the
Metropolitan Water District,

Per Cent. Per Cent.
of of
Services  Services
Places. Metered Metered Per Capita Per Capita
Population 1907 1910 1907 1910

Belmont ........... 5,600 100.60 100.00 73 59
Malden ............. 44,730 96.10 96.28 47 42
Medford ............ 23,330 13.29 94.42 106 61
Melrose ..........u. 15,790 30.85 100.00 118 64
Milton .....covvennn 7,970 100.00 100.00 46 39
Swampgcott ........ 6,960 68.25 99.12 74 59
Watertown ......... 12,960 100.00 100.00 . 67 68
Winthrop .......... 10,290 3.37 95.94 117 63
Totals and averages. 127,630 60.01 98.64 76 54
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There ig no connection, between the
vse of meters and the. prevalence of
typhoid, and other intestinal diseases,
that can be traced in the records of
any city. :

The city of Berlin, Germany, com-
pletely metered and with a4 per cap-
ita water consumption of 18 gallons
has a lower death rate from all causes
(and but a fraction of the typhoid)
than New York and Chicago with their
water consumption of 135 and 234 gal-
long per capita.

Metered Services.

At present most of the sgervices
metered are domestic, %4-inch meters
being the most numerous. There are
two large individual consumers, the
Mark Manufacturing Co. and the Chi-
cago & North Western Ry. Combined,
these two concerns use as much water
as the entire domestic metered serv-
ive at bresent, 877 meters. Table No.
14. In the metering of the entire
city, the probability .is that over 95
ber cent of the meters will be 5% inch,
This will keep the cost of metering
down, :

Cost of Meters.

In Bvanston the cost of &-inch
meters has been $8.40 with a charge
of $15.00 installed. Practically ‘all
the meters are placed in bagsements,

This cost is somewhat higher than
that at Cleveland, Ohio, where the
basement gettings cost less. In the
annual report for 1909 of the Cleve-
land Water Department, the entire
cost of all the 74,116 publicly owned
meters, of which 69,435 were %-inch,
and 1,809 were 3%-inch, averaged for
all sizes of meters in 1909 only $8.21
per meter and $9.17 for the setting, or
a total of $17.38. It is noteworthy
that only 26,298 were in the chéaper
basement settings, while 31,077 were
in brick vaults and 16,741 were in
sewer pipe settings. Other data con-
firms our belief that $15.00 is a safe
price for Evanston, and will probahly
be reduced when purchages and set-
tings are carried on on a larger scale
than heretofore, especially following
a policy of complete metering, Setting
in vaults is not very desirable in cold
climates., It ig cheaper and better to
set in cellars as heretofore in Evans-
ton,

Cost of Maintenance.

The annual expense of metering
comprises the interest on the cost of
the meters, a depreciation charge suffi-
clent to replace the meters at the end
of the assumed life (20 years), the
cost of inspection, repairg, renewals
of parts and testing, and the cost of
reading the meters, delivering bills,
ete. In Evanston collections are made

TABLE NO, 14,

Analysis of Present Certification of Water Taxes

Spring Term, 1912, six months,
Total Cu. Ft, Certification
Item, Customers, Certification Registered. Per 100 Cu. Ft.
Flat Rates ....... 4,636 $35,832.40
Metered
Domestici ...... 877 5,008.00 *3,857,338 13 cents
Business§ ...... 221 8,904.44 114,066,829 6.3
Wilmette ,,... ., 4,688.75 8,212,900 5.8
Mark Mfg. Co... 1,102.29 2,172,680 5.07
C.&N. W.Ry... 810.78 1,589,560 5.1
Total Gross ...... 5,737 $56,382.66
Metered ........ 1,101 $20,514.26 29,899,207 6.86 cents

§This includeg fraternity houges.

*Hquivalent to 181.5 gallons per day per meter,
Bquivalent to 2625 gallons per day per meter,
13156 customers pay minimum rates,
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semi-annually, so that the expense
of reading and billing will not be go
high as elsewhere. However, we
would recommend gquarterly readings
to check possible waste. More fre-
quent readings are sometimes made
ag, for instance, in Columbus, Ohio,
where bi-monthly readings were taken
to check waste even though bills are
rendered semi-annually.

Annual Cost of Meters.
Interest on cost of meter, in-

stalled, 4% on $15.00.........30.60
Depreciation, 5% on $15.00...... A5
Maintenance, renewals, testing,

repairs, ete. ... . 0o .
Reading meters, billing, etc..... 50

Total cost per meter per year..$2.35

Total cost yer year for 5,737 meters,
$13,482.

This is a reasonable figure, but
slightly higher than the average for
13,407 54-inch meters set in Cleveland
up to 1904. The cost there was $2.27.
(E. W. Bemis, American Water
Works Association, 1904.) In many
cities the cost of repairs, maintenance
and reading is much higher.

The 1,101 meters already in place,
however, include all meters used for
business purposes, and therefore cover
nearly all the larger services. The
additional cost of the newly metered
gervices would be much less than the
above figure.

In Columbus, Ohio, meters are read
every second month, excepting those
for the larger services which are read
mounthly. Bach reader cares for about
2,600 meters. The total cost of read-
ing, repairing, etc, and of the work
in the office in excess of that required
for assessments accounts, is one dol-
lar per year for each meter.

Under present conditions and with
the existing plant this amount,
$13,482, could not be saved from the
direct annual operating expenses of
the department, though a considerable
saving in fixed charges on construc-
tion cost would be effected, the amount
of which we have not the data to esti-
mate. But with the filtration proposi-
tion before you the halance will be in
tavor of the meter system. Had the
question of compulsory metering not
been under consideration a larger fil-
tration plant than that proposed would
have been recommended, to cost ap-

proximately $300,000. The estimate
of cost of operation is very liberal,
and with the expected reduction in
consumption, the labor may be cut
about $2,000, the coagulant §$1,400,
and the power $2,000.

The probable saving would then be:

Fuel ........ . P $3,000.00
Labor .t 2,000.00
Rlectric power ...... e 2,000.00
Coagulant ..... e weeas. 1,400.00

Interest and depreciation, 6
per cent on $100,000,..... 6,000.00
$14,400.00

If a complete meter system were
installed at once, the purchase of ad-
ditional pumping engines, necessary
under present conditions, recommend-
ed also in the report of the Fire Pre-
vention Committee of the National
Underwriters’ Association (July,
1912), might be postponed for several
years, as well as the construction of
certain new mains now necessary to
increase the pressure in several sec-
tions of the city during hours of
heavy draft,

Revenue,

The total cost of all services per-
formed by a municipal water works
must be borne eventually by the com-
munity., There is in the United States
no universally established practice
governing the distribution of the bur-
den.

Except for a small reimbursement
item, no part of the income of the
Evanston Water Department is de-
rived from general taxation. The ex-
pense of supplying water for private
consumption, for fire protection and
other public uses, as well as the cost
of extensions to the distribution sys-
tem and other construction, is pro-
vided in the water tax collections.
And in addition a large sum is trans-
ferred annually to the general fund
to be applied to the maintenance of
the Fire Department and to other
running expenses of the municipal
administration. The revenue of the
water works amounts to about one-
third the total income of the city.

The total certifications, collections,
and expenditures of the water works
are shown in Table No. 15, from
which it will be seen that the rev-
enue has incieased regularly each
vear, despite the fact that the gross
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TABLE NO. 15.

Compilation of Earnings, Expense, and Distribution of Surplus.
Evanston Water Works,

1912,

1909, 1910, 1911,
Item. Period, Year. Year, Year. 6 Months.
Water tax— .
Certifications .............. $100,294.26 $119,257.08 $128,247.53 $56,382.66
Receipts ... ..ooiviiinnn 93,697.63  105,491.51  113,013.39
Gross receiptsf ........... ... 102,776.64  114,617.37  116,225.68
EXDense ....covvvveeniiins . *72,288.78 45,083.85 54,114,44
Transferred ......covvvvenenen 38,900.00 46,050.00 49,138.00
Balance ......... RN 543.24 24,026.76 37,000.00

+This includes water tax, water permits, miscellaneous receipts, as well as

transfers from different departments.

*This includes $27,662.60 for new intake.

Net expense, $44,736.18.

total water consumption has remained
practically stationary.

Table No. 14 analyzes the certifica-
tions for the water tax collections
during the spring term of 1912, show-
ing the present distribution of the
sources of revenue. This period of
time covers the cooler months only,
when the consumption ig at a mini-
mum. The certification for the Wil-
mette account averages 25 per cent
higher for the November term, and
the domestic metered accounts would
be increased in the same or greater
préportion.

It is not our purpose to discuss the
financial policy of the Evanston
‘Water Works further than to assist
in determining a meter rate which
will distribute the burden as equita-
bly as practicable, returning to the
management the revenue necessary
for the suitable maintenance of the
water works, and conserving the
water supply without the imposition
of any hardships on the consumer,

The Commissioner of Public Works
is of the opinion that the present rev-
enue is fairly well balanced to the
needs of the department, and that the
determination of a meter rate sched-
ule is desired which will bring the
same returns from an universally me-
tered system ag is now collected. In
the event of the construction of a
filter plant, it is desired that the col-
lections shall be increagsed by an
amount sufficient to defray the total
annual operating expense and the
fixed charge against the filter plant.

Present Rates.

The meter rates now in force in
Evanston are established as follows:

A minimum charge, semi-annually,
of $3 per service.

For the first 10,000
six months, $0.12 per

For the next 10,000 cubic feet per
six months, $0.10 per 100 cubic feet.

For the next 10,000 cubic feet per
six months, $0.08 per 100 cubic feet.

For the next 10,000 cubic feet per
six months, $0.06 per 100 cubic feet.

And for all over 40,000 cubic feet
per six months, $0.05 per 100 cubic
feet,

No discount is allowed on the meter
rates.

In the year 1910 the average water
tax collections, based on the total
consumption of the cities of Evanston
and Wilmette, corrected for 15 per
cent pump slip, amounted to five and
one-half (514) cents per 1,000 gal-
long, Columbus, Ohio, with 92 per
cent of the services metered, has a
base rate of 12 cents per 100 cubic
feet, the same as in HEvanston, with
a sliding scale for large quantities,
bringing the minimum to 9 cents per
100 cubic feet, and in addition allows
a time discount of 10 per cent. The
water collections in 1911 amounted to
an average rate of 8% cents per 1,000
gallons, based on the total pumpage
corrected for a slip of 3 per cent.

The charges certified for the May
collection of 1912 averaged:

For the 221 business services,
excluding the accounts of the
Mark Manufacturing Co. and
the C. & N. W. Ry.......... $40.29

cubic feet per
100 cubic feet.
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For the 877 metered domestic
Services ... ...iiiauriiniens
For the 4,636 consumers on flat

Tates—gross ......evn.e.aidin o 13
For the 4,636 consumers on flat
rates—met .................. 6.96

Analyzing the charges according to
the metered quantities, we have for
the certifications in the spring term
of 1912:

Metered Certification for Sp. T'm

Service— 100 cu. ft. 1,000 gals.
Domestic ....13 cents 17.3 cents
Business .... 6.3 cents 8.4 cents
Wilmette .... 5.8 cents 7.75 cents
Mark Mfg. Co.., 5.07 cents 6.77 cents
C. & N. W.

Ry, +.vvinnn 51 cents 6.8 cents

Of the domestic consumers, 315
customers already pay minimum

meter rates, that is, they use less
than 5,000 cubic feet per year, Or
103 gallons daily. This corresponds
roughly to 25 gallons per capita, if
four persons be assumed to a cus-
tomer. The effect of these 315 mini-
mum rates is to increase the earn-
ings to 13 cents per 100 cubic feet,
although the base rate is 12 cents.

It is very probable that the con-
sumers who have already elected to
install meters are those who would
naturally be the most careful in their
use of water, The domestic metered
registration shows an average con-
sumption of 181.5 gallons per service
daily, or approximately 45 gallons per
capita, on the basis of four persons
to a customer.

There is, however, little or no
sprinkling in the six-month period
covered by the May collection, The
consumption would probably be in-
creased 25 per cent for the summer
term, and the average collection
would rise to $7.14, or an average for
each term of $6.42, It is fair to as-
sume that the consumers now on the
“FTlat Rate” roll are more free in the
use of water, and that their assess-
ments on the meter rates would av-
erage higher than those already
metered.

Future Rate Policy.

After analyzing the probable earn-
fngs of the water works with sev-
eral scales of meter charges, on a

reduced total consumption, we have

concluded that, inasmuch as the In-
‘stallation of meters would be spread

$5.71

over several years, it is best to use
the present meter rates for a trial
during the first year of the extension
of the meter service, The income
can then be analyzed in appropriate:
classification . with more abundant
data, and satisfactory rates made, if
a change is found necessary. We be-
lieve, however, that the present slid-
ing scale of meter rates is reduced.
rather too abruptly for the large
quantities, and that the base rate of
5 cents per 100 cubic feet might be
raised to advantage as well as the
next lower rate, )

The minimum charge of $3 semi-
annually is reasonable for a trial. If.
is possible that a ‘“‘readiness to serve
charge” may prove advisable in the
future, that is, a fixed amount pay-
able in addition to the charges .on
the basis of quantity used. It does
not seem advisable at present to in-
troduce this modification,

The inauguration of a filter plant
will make an increased charge to-
the consumer of from 2 to 2.4 cents
per 100 cubic feet registered on the
meter, This would necessarily mean
an increase in the water rate. We
do not, however, believe that the in-
crease on this account should be:
made prior to the operation of the
filter plant, or until the effect of the
general introduction of meters has
been tested. Then, when the filter
plant is put into service, one change
can be made to cover all the needs
for revision,

Conclusions.

Our conclusions on the meter ques-
tion are as follows:

1, It is advisable that immediate
steps be taken to reduce the waste
by the idnstallation of a complete
metered system., This can readily be
done in from three to five years. The
quicker it is accomplished the bet-
ter.

2. The meters should be owned and
installed by the Water Works Depart-
ment of the city of Evanston.

3. The meters should be read pref-
erably every two months, or at the
most every three, the readings being
carefully checked, Continued exces-
sive use can then be investigated and
stopped.

4, The small meters should be test-
ed every six years at least, and me-
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ters one inch and larger should be
tested every year,

5. The water rates should be left
unchanged for the present, subject to
the following program: .

If a Metered System Be Installed,

If a metered system be installed
complete within a space of three to
five years, and a filter plant be not
constructed, we advise leaving the
meter rates at the bresent schedule
for .a while. The effect -of further
metering can then be studied in de-
tail, with more accurate analyses of
each class of service. At the end of
one or two years the rates can then
be adjusted. The probability is that
a slight increase in rates may then
be required, although even with such
an inerease a large number of cus-
tomers may pay a less sum annually
than under the present flat rates. The
bresent meter rates seem very fair,
our only suggestion being that the
rate for large quantities might be
somewhat higher,

If a Filtration Plant Be Installed,

The capacity of the filter plant rec-
ommended herein was determined ex-
pressly on the assumption that a con-
tinued effort would be made to re-
duce the waste of water by thorough
metering. There will, therefore, be
the expense of metering as wil as the
expense of filtering the water. Here
we advise, as before,-that the meters
be installed at once, while the filter
plant is under construction, and that
the present rates be left unchanged
during at least a. year or until the
filter plant goes into operation, In
the meantime the working of the
rates can be further studied, with
}‘ncreased numbers of meters in serv-
ice.

The operation of the filter plant
will add about oné cent for every 100
cubic feet of water pumped into the
mains, The increase for every pay-
ing customer will, however, be great-
er, since a generous portion of the
bumpage i3 not registered by any
meter,

With the expected reduction in
consumption, it is probable that the
lncreased cost of the water to the
customer will be from 2 to 2.4 cents
for every 100 cubic feet registered on
the service meter. Such an increase
will have to be added to the present
meter rates at the time the filtration

plant goes into operation, if the pres-
ent surplus is to be retained in the
earnings of the water works.

APPENDIX D.
EXTENSION OF INTAKE,
The question has arisen—Why

spend money on a filtration plant?
Why not extend the intake to a point
where pure, clear water will be as-
sured? To answer these queries this
appendix has been prepared, in order
to point out all the elements in-
volved,

Sanitary Aspect.

With the growth of the lake cities,
the unsanitary condition of the water
near shore has increased, in many
cases, particularly where sewage is
freely discharged into the lake near
the intake. There hasg, however, ap-
beared a better realization of objec-
tionable features, already existing,
and the intakes have been pushed
farther from . shore. However care-
fully this matter is followed up, the
quality of the water taken from such
sources, particularly when sewage is
discharged therein, must always be
weighed with reservations.

- At present Chicago has intakes
from two to four miles off shore, yet
the protection of the intakes from
shipping has been seriously dis-
cussed, and also the possibility of fil-
tration. Cleveland, . with an intake
four miles off shore, is considering
filiration. At Erie, Pa., a broken in.
take pipe is supposed to have causeq
a typhoid epidemic. Filters are now
being planned, At Milwaukee the fil-
tration of the water has been recom-
mended by a commission of engi-
neers, as well as the removal of the
discharge of sewage to a point re-
mote from the intake,

Your present intake is located 5,600
feet out in the lake. The only avail-
able tests on the character of lake
water at various distances from shore
are those obtained in 1909 by Messrs.
Bartow, Tonney, and Pearse, ab-
stracted in Table No. 4. While this
survey shows no B. Coli present in
water four miles out, the total baec-
terial count is very high, ranging
up to 6,140 per cubic centimeter, The
turbidity is also sufficiently high to
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be objectionable at times, At five
miles out the showing is better.

Trom the chart of the U. S. Lake
Survey, it is apparent that Evanston
is opposite the end of a shoal. The
present intake is in 32 feet of water,
and is thus inside the zone of wave
action, - To reach a dquiet zone, 60
feet depth or more is considered de-
girable. TFor this an intake over five
miles long would be required. At a
_distance of four miles 48 feet of water
is reached.

The existing data, therefore, seem
to indicate that a very considerable
extension of the intake would be re-
quired on sanitary grounds, and that
sterilization of the water taken there-
from would still be necessary at
times,.

Protection of Intake and Pipe.

Aside from the present possibility
of sewage pollution reaching a more
distant intake, there is also the pos-
sibility of pollution from shipping, the
more real in your case because the
intake is unprotected, there being no
crib or light house to mark the loca-
tion. And, in addition, there is al-
ways the possibility of a break in
the intake line, when it is laid on
the bottom of the lake, unprotected.
Through such a break, turbid or pol-
luted water would speedily enter,
The occurrence of such breaks is not
remote, as your experience last wil-
ter indicates. '

Capacity, Present Intake.

The present intake lines have a
capacity of about 22,000,000 gallons
daily under a head of 6.5 feet. The
head available is limited by the ele-
vation of the connections at the pump
wells and settling well, and at times
may be somewhat less. If the intake
pipe were extended even one mile
the friction would be increased, with
such a reduction in capacity that the
remodeling of the pump wells would
be absolutely necessary, and the
ghore connections and portions of the
exigting intake pipes would have to
be lowered, at considerable expense
and consequent danger of interrup-
tion of service.

At present the service is subject
to occasional interruption by anchor
ice, during periods of exceptionally
cold weather, the supply having been
reduced during one day for a period

of two hours to a rate of 1,500,000
gallons per day. The National Board
of Fire Underwriters, in their report
of July, 1912, call attention to this
weakness, and suggest that steps be
taken to provide against such inter-
ruption. This would mean either an
intake crib, with a permanent.keeper,
or an equalizing or storage basin. on
shore, which would involve double
pumping, or an excessively large
standpipe. If a filter plant be built,
however, storage would be provided
by the filtered water basin to serve
this purpose.

New Intake.

The cost of a tunnel, run out from
shore, would probably be prohibitive
for Evanston. A fivefoot tunnel is
as small as is usually driven, for such
lengths, that size being required so
that work can be carried on reason-
ably. Roughly, the cost would range
from $15 to $20 per linear foot, For
three miles this cost would be from
$238,000 to $317,000, to say nothing
of intake and shore connections.

Even the cost of a three-mile eX-
tension of 42-inch cast iron pipe would
be greater than the cost of a filter
plant. The three-mile extension
would cost around $250,000, with the
lightest pipe, including engineering
and contingencies. Properly, a pipe
exposed in a situation like yours,
should be laid in a trench dredged
in the lake bottom, and covered. This
would add to the expense.

For a permanent improvement, to
compare with the filtration project, it
would be better practice to consider
a 48-inch intake pipe throughout, to
reduce the friction losses, With an
equalizing reservoir, however, the 42-
inch pipe would be sufficient. This,
however, only serves to increase the
first cost.

The capital cost, therefore, of any
considerable extension of the intake
are higher than for the filter plant.
HExtension of the intake into deeper
water will undoubtedly lessen the
chance of interruption by anchor ice
troubles, but on the other hand, when
difficulties occur, they will be harder
to meet and clear away promptly.

The annual cost of the project of
extending the intake may be worthy
of consideration, but with the need
of sterilization, the possibility of oc-
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casional turbid water, and the occur-
rence of accidents to the pipe line,
with consequent expense for repairs
(in 1912, $3,000), the advantage is not
80 great as would appear,

There is, perhaps, a financial ad-
vantage in extending the intake, in
that it suggests the possibility of con-
structing the improvements piece-
meal, in order to ease the financing
of the project. On the other hand,
this would require the continued use
of hypochlorite of calcium to sterilize
the water, and for several years the
water would be turbid at times as
heretofore. The fixed and operating
charges probably would be somewhat
case the cost of a keeper and his as-
lower, unless a crib be built, in which
sistant would reduce the difference.

Advantages of Filtration.

Aside from the question of cost,
which we have previously covered,
the installation of a filter plant would
furnish clean water and a positive
insurance against typhoid or other

water-born disease, regardless of the
diversion of the sewage, or accidents.
to the intake pipe. And it would
postipone indefinitely any extension
of the intake or remodeling of pump
wells which would be consequent
thereto with the present rate of
pumping. It would also furnish stor-
age against interruption of service by
anchor ice, and if a wash water tank
be built would secure thereby a pos-
sible means for back-flushing the in-
take pipe to dislodge ice.

The sanitary dictum is growing that
all surface supplies should be filtered.
The wisdom of this is supported by
the remarkably low typhoid death
rates recorded abroad, ranging from
2 to 4 per 100,000 where filtered water
is used. Sanitarians have endeavored
to illustrate the saving to the com-
munity by assuming that a human
life is worth $5,000, If five typhoid
deaths a year can bhe saved in Evans-
ton, this would amount to $26,000, or
the annual cost of the filtration proj-
ect.




