
HOUSE . No. 1100.

Commnniucaltl) of ittassadjusette.

To the Honorable the Senate and House of Representatives of the Commonwealth of 
Massachusetts in General Court assembled.

The Metropolitan W ater and Sewerage Board presents the follow
ing report, under the provisions of chapter 391 of the Acts of the 
year 1902.

This Act authorized the Board to construct such works as it might 
deem necessary for measuring the water supplied to each of the 
cities and towns in the Metropolitan Water District, and required 
the Board to measure and report the quantity of water so supplied 
to each of the cities and towns, to report whether it is used therein 
unnecessarily or improperly, to make recommendations for the pre
vention of waste, and also for the apportionment of the annual 
assessment with a view to making the consumption of water an 
element in the amount to be assessed. The full text of the Act is as 
follows : —

Section 1. The metropolitan water and sewerage board is hereby au
thorized to construct and maintain such works and to provide such other 
means as it may deem necessary for measuring the water supplied to each 
of the cities and towns in the metropolitan water district, and the expenses 
thereof shall be considered as a part of the expenditure required for the 
construction and maintenance, respectively, of the metropolitan water
works.

Section 2. The said board shall report to the next general court the 
quantity of water supplied to each of the said cities and towns, and shall 
also report whether water is being used therein unnecessarily or improperly, 
and shall make recommendations as to the manner in which waste may be
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prevented and as to the manner in which the consumption of water may be 
considered in the apportionment among the cities and towns of the annual 
assessment required for the construction and maintenance of the metropol
itan water works.

S ection 3. Phis act shall take effect upon its passage. [Approved 
May 13, 1902.

The time within which the Board should report was extended for 
one year by chapter 41 of the Resolves of the year 1903.

Studies, in anticipation ot the passage of the Act, had been made 
for determining the number and size of meters which would be re
quired for measuring the water supplied to the several cities and 
towns, and directly after its passage contract was made for the fur
nishing of Venturi meters of the various sizes as called for. Con
siderable time was necessarily required for the manufacture of the 
meters, so that it was in August, 1902, when the meters were first 
obtained and the installation of them wars begun. A considerable 
portion of them were set during the latter part of that year, and the 
remainder were installed in the first half of the year 1903. The 
measurement of water was begun on January 1, 1903, through the 
first of these meters to be installed, and others were put into opera
tion from time to time, so that the last ot the meters was completed 
on June 26, since which date during a period of about six months 
continuous measurements have been made.

The work of providing and installing the meters was entrusted to 
Dexter Brackett, engineer of the Distribution Department of the 
W ater A\ orks; and he, with his assistants, has also made the 
various investigations which were required by the Act. Mr. 
Brackett s entire report to the Board is presented herewith for the 
consideration of the General Court.

Water is supplied from the Metropolitan Water Works to 18 
different municipalities, having an aggregate population, as is esti
mated, on May 1, 1903, of 897,600. ^The daily average number of 
gallons of water supplied in the year 1903 was 107,148,000,—an 
average of 119 gallons per day for the use of each inhabitant of the 
District supplied.

The tables accompanying the report show, for the period begin
ning on June 28, 1903 and ending on January 2, 1904, the number 
of gallons ot water per day furnished to each of these municipalities,
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and also show the number of gallons furnished per inhabitant in 
each city and town during that period.

It will be seen that the consumption of water per capita varies 
greatly in the different municipalities, the average furnished each 
inhabitant in this period varying from 44 gallons in Milton to 130 
gallons in Boston. The consumption also largely varies in each 
municipality according to the season of the year. The measure
ments for the other half of the year, including a larger portion of the 
colder weather, would show a somewhat greater consumption, and 
would also show a still greater variation in the different periods. 
In the cold weather early in January of the present year the con
sumption in the District rose in one day to 160,000,000 gallons, 
equivalent to 175 gallons per inhabitant. A corresponding but 
much smaller maximum consumption occurs in the driest periods of 
summer.

The differences in the rate of consumption of water in the various 
municipalities of the District are to some extent due to the different 
uses to which water is applied, a greater consumption being 
naturally required in those municipalities where water is more 
largely used for manufacturing, mechanical and trade purposes.

The water supplied by the Metropolitan Water Works is taken 
and used for : —

(1) Domestic purposes.
(2) Manufacturing, mechanical and trade purposes.
(3) Public purposes.
A careful and extended study has been made of the actual con

sumption of water as required for all these uses in the District, and 
the conclusion has been reached that the amount actually required 
and consumed for all necessary and legitimate uses does not exceed 
60 gallons per inhabitant per day. Inasmuch as the daily amount 
actually supplied to the District was at the rate of 119 gallons per 
inhabitant, it would follow that about one-half of the entire supply 
was lost by waste or leakage, or was unnecessarily or improperly 
consumed. The investigations made conclusively indicate that there 
is, as a matter of fact, such loss and unnecessary use.

There are chiefly two causes of this loss and unnecessary use.
A large amount of water is lost by leaks from broken main and 

service pipes which form the supply system of each city and town, 
and by the existence of defective joints connecting the separate
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pipes. The pipes being underground, the defects often remain for 
a long period undiscovered, and large quantities of water flow into 
the ground.

A still larger loss of the water supplied is suffered on the prem
ises of the individual water takers. Leakages arising from defec
tive plumbing and improper fixtures are permitted to exist, by which 
there is a constant escape of water; continuous streams are pur
posely allowed to run during the winter, to prevent the pipes from 
freezing; and during the hot weather much water is allowed to run, 
in order to obtain water for drinking.

It is impossible to keep pipes and fixtures absolutely tight and in 
order, and to prevent all waste underground and in buildings, but 
by far the larger part of this loss is preventable, and in certain 
municipalities has been prevented.

The losses and misuse of water occur principally in the local 
systems of distribution, over which the Metropolitan Water and 
Sewerage Board has no control. To prevent such losses and mis
use, constant and efficient inspection and enforcement of regulations 
are required on the part of all local authorities. It is doubtful 
whether such inspection and enforcement can be uniformly secured, 
unless both the municipality and the individual water taker are 
made to become pecuniarily interested in the result. The measure
ment of water supplied has been found not only the best means for 
the detection of waste, but also, when made an element in the fixing 
of water rates, an efficient means of prevention.

The experience of cities and towns outside of this District has 
invariably been that the introduction of the element of measurement 
to water takers has been attended by a decreased and more normal 
consumption. A like result has been demonstrated by the expe
rience of four municipalities within the District. In the towns of 
Belmont and Milton all the services are metered, in the town of 
Watertown 89.5 per cent, of the services are metered, and in the 
city of Malden 63.4 per cent, are metered. In all the other munici
palities of the District the metered services constitute only from .5 
to 9.3 per cent, of the entire number. The rate of consumption in 
the above-named four municipalities was for the period observed not 
only lowr, being 47, 44, 49 and 47 gallons per inhabitant, as against 
an average per capita consumption of 116 gallons in the remainder 
of the District, but notably uniform.
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The investigations demonstrate that it is within the power of the 
municipalities largely to check the unnecessary use and waste of 
water.

It is also shown that the payment of meter rates does not bear 
hard upon any class of water takers. The imposition of a minimum 
rate for metered water, somewhat lower than is now charged where 
x-ates are fixed according to the fixtures in use, as is usually done, 
would give the taker an amount of water found liberal for necessary 
domestic use. The larger takers are now generally supplied at 
meter rates.

The providing of inspectors and installation of meters involve 
considerable expenditures on the part of the municipalities providing 
them. Under the present system of assessments, by which the 
quantity of water received and consumed by a municipality has no 
special influence in fixing the amount which it has to pay, there is 
no direct financial encouragement to strive to stop waste and leakage. 
The city of Boston, which pays about 80 per cent, of the entire 
assessment, may be said to have a material return for the expendi
tures which it makes for this purpose; but the laudable efforts of the 
other municipalities in the District meet but a slight financial reward 
through the general saving effected by their separate action. It 
seems that, if any municipality energetically proceeds to reduce con
sumption within its limits to a reasonable amount, it should have 
the benefit of a corresponding decrease in the amount which it has 
to pay for water.

Under the Metropolitan Water Act an annual assessment is im
posed upon the District, sufficient to meet the expenses of mainte
nance, the interest on the indebtedness for construction, and the 
sinking fund requirements. The city of Boston is required to pay 
such proportion of the entire assessment as its valuation bears to 
the total valuation of the District. The remainder of the assessment 
is apportioned to the other cities and towns, one-third in proportion 
to their respective valuations, and two-thirds in proportion to their 
respective populations.

The Act called for a larger proportional payment from Boston 
because its main works of supply were taken and paid for by the 
District; while, with some small exceptions, the similar works of 
other cities and towns were not taken, but were left of little value 
to them.
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The Board has in its annual reports repeatedly called attention to 
the necessity of taking measures for reducing the unnecessary con
sumption of water, and the desirability of making the amount of 
consumption an element, not only in fixing the amount of assess
ment to be imposed upon each municipality, but also in fixing the 
water rates of each individual water taker, so that each municipality 
and each individual taker should have a direct pecuniary interest 
in checking waste and excessive use- In its report made on January 
1, 1902, it suggested, as a step in this direction, that, in the cities 
and towns in which population was an element in determination of 
the assessment, consumption should be substituted for population, 
so that in the municipalities outside of Boston the assessment should 
be based, one-third in proportion to valuation and two-thirds in 
proportion to consumption.

The results of the investigations have confirmed the Board in the 
opinion which it had previously maintained. Inasmuch as munici
palities are called upon to contribute in general to the cost of public 
works according to their respective valuations, it may be wise to 
continue, in accordance with the provisions of existing legislation, 
to make valuation, to a certain extent, an element in fixing the re
spective assessments of the municipalities. The Board is strongly 
of the opinion that, at least, the assessments of the cities and towms 
outside of Boston should be based two-thirds upon the basis of con
sumption, and that the consumption should be an element, though 
perhaps to a less degree, in the city of Boston. In order to assist 
in determining what basis of apportionment may properly be 
adopted, various tables are given, showing the respective assess
ments which would be made upon the municipalities upon various 
bases of apportionment.

The Board has hitherto urged that the great unnecessary con
sumption of water is not only causing larger annual expenditures 
for maintenance and operation, but is hastening the time when great 
expenditures must be incurred for new7 sources of supply, new 
pumping facilities, new aqueducts, new reservoirs, new mains and 
all other equipment. Such unnecessary consumption is also hasten
ing the time when corresponding expenditures must be incurred lor 
new works for the disposal of sewage.

It is estimated that, if the present rate of consumption is un
checked, the present sources of water supply will become inade-
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quate within the period of ten years; so that, in a comparatively 
few years after the works now in progress are completed, construc
tion of additional works will have to be provided for. If, on the 
other hand, unnecessary consumption is prevented, as is believed 
possible, such additional construction may be deferred for consider
ably more than twenty years.

It is believed that such early expenditures as may be required for 
inspection and for measurement of water will be within a reasonable 
period offset by the saving which will result. Not only efforts for 
the reduction of the consumption would seem demanded for the in
terests of the municipalities of the Metropolitan District and the 
individual water takers, but the Metropolitan District cannot prop
erly ask other portions of the Commonwealth to submit to burdens 
and sacrifices in order to provide the cities and towns of the Metro
politan District with a supply of water, unless the District itself takes 
all reasonable efforts to make such burdens and sacrifices as light as 
possible.

The Board requests an especial and full consideration of the state
ments and results given by Mr. Brackett in his report, and a careful 
examination of the tables and diagrams which accompany it.

Respectfully submitted,

HENRY II. SPRAGUE,
HENRY P. WALCOTT,
JAMES A. BAILEY, J r.,

Metropolitan Water and Sewerage Board.
F ebruary 11, 1904.
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REPO RT OF THE EN G IN EER  OF THE DISTRI
BUTION DEPARTM ENT.

To the Metropolitan Water and Sewerage Board.

G en tlem en  : — The following report contains the results of work 
done and investigations niade under authority of chapter 391 of the 
Acts of the General Court for the year 1902, which authorized the 
construction of works for measuring the wrater used in each of 
the cities and towns in the Metropolitan Water District, and directed 
the Board to report the quantity supplied to each of the cities and 
towns, and also whether water is being unnecessarily or improperly 
used, and to make recommendations regarding the prevention of 
waste, and the manner of apportioning the annual assessment among 
the cities and towns.

The Metropolitan Water Works supply water to 18 cities and 
towns, having, on May 1, 1903, an estimated aggregate population 
of 897,600, and comprising a territory of 142.7 square miles in 
area, the greater portion of which lies within a radius of 10 miles 
from the State House. Topographically, the part of this territory 
where the greater portion of the water is used is less than 50 feet 
above sea level. The greater part of the area included in the several 
municipalities is, however, at a higher elevation, and at one point 
in the town of Milton it rises to elevation 640 above Boston city 
base. Other summits in the District a re : Arlington Heights, ele
vation 377; Bellevue Hill, in West Eoxbury, elevation 340; and 
Bear Hill, in Stoneham, elevation 315.

The area, population, number of service pipes, meters and mileage 
of pipe in use in the several cities and towns are shown by Table 
No. 1.
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T able N o . 1.

City  or T o w n .
A rea

(Square
M iles).

Estim ated  
Population, 
May 1, 1903.

Number 
of Services, 

January, 
1903.

N um ber 
of Meters, 
January,

1903.

Per Cent, 
of Services 

m etered.

Miles
of

Pipe.

Boston, . 38.2 597,900 89,384 4,617 5.2 723.0

Som erville, . 4.2 67,600 10,710 271 2.5 82.5

Malden, . 4.9 36,900 6,700 4,245 63.4 82.0

C helsea ,. 2.3 35,900 6,257 113 .2 38.7

Everett, . 3.4 28,000 4,670 49 1.0 42.0

Quincy, . . 16.5 26,800 4,850 152 3.1 83.7

Medford, 7.1 21,000 4,039 124 3.1 50.4

Melrose, 5.1 13,900 3,221 95 3.0 44.5

Revere, . 5.9 12,700 2,261 28 1.2 34.5

Watertown, . 4.1 10,800 1,692 1,515 89.5 80.1

Arlington, 5.2 9,700 1,700 94 5.5 34.3

Milton, . 12.9 7,400 1,078 1,078 100.0 35.0

W inthrop, 1.6 7,300 1,747 9 .5 22.7

Stoneham, 6.6 6,400 1,157 19 1.7 19.9

Belmont, • 4.6 4,800 621 621 100.0 17.9

Lexington, 16.0 4,100 620 4 .6 11.7

Nahant, . 1.0 1,300 462 43 9.3 15.9

Bwampscott, . 3.1 5,100 1,055 - 17.2

142.7 897,600 142,224 13,077 9.2 1,386.0

Previous to the formation of the Metropolitan Water District 
nearly all of these cities and towns drew their supplies from dif
ferent sources, and maintained separate reservoirs and pumping 
stations. Since the construction of the Metropolitan Works eleven 
sources of supply have been abandoned, and the pumping, which 
was formerly done at twenty stations, is now done at five stations. 
All water delivered by the Sudbury and Cochituate aqueducts is 
delivered by gravity into Chestnut Hill Reservoir, Avhence it is 
raised by pumping machinery to different elevations supplying 
separate districts. The water delivered by the Weston Aqueduct, 
which was completed and placed in service on December 29, 1903, is 
discharged directly into the low-service mains without any pumping.

For the southern low-service district, comprising the lower por
tion of the city of Boston, excepting in Charlestown and East 
Boston, the pressure at the pumping station at Chestnut Hill is
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maintained so as to deliver water in the city at an eleyation of about 
130 feet above Boston city base at all times during day and night.

For the northern low-service district, including the lower portion 
of the cities of Somerville, Medford, Malden, Everett, Chelsea, 
and for Charlestown and East Boston, water is pumped into Spot 
Pond at elevation 163 above Boston city base.

For the southern high-service district, comprising Quincy, Water- 
town and Belmont, and the higher portion of the city of Boston, 
water is pumped from Chestnut Hill to the Fisher Hill and Waban 
Hill reservoirs. High-water mark in the Fisher Hill Reservoir is 
at elevation 251, and in Waban Hill Reservoir 264.5 feet above 
Boston city base.

For the northern high-service district, comprising the city of 
Melrose, the towns of Revere, Winthrop, Nahant, Swampscott and 
Stoneham and the higher portions of the cities of Somerville, Med
ford, Malden, Everett and Chelsea, water is pumped from Spot 
Pond to the Fells Reservoir at elevation 271, and to Bear Hill 
Reservoir at elevation 300. The town of Stoneham alone is supplied 
from the Bear Hill Reservoir.

For the town of Lexington and the higher portion of the town of 
Arlington, water is pumped from the low-service mains in Arling
ton to a standpipe on Arlington Heights at elevation 443. For the 
higher portion of the town of Milton and of the West Roxbury dis
trict of Boston, water is pumped to a standpipe on Mt. Bellevue, in 
W est Roxbury, at elevation 376.

For the year 1902 the percentage of the total consumption used 
in the several districts was as follows : —

Southern low-service d i s t r i c t , ........................................................................40.0
Northern low-service d i s t r i c t , ........................................................................ 26.0
Southern high-service d is t r ic t , ........................................................................27.0
Northern high-service d is tr ic t,......................................................................... 7.4
Northern extra high-service district,......................................................... .3
Southern extra high-service d istrict,......................................................... .3

Table No. 2 shows the revenue i eceived from water rates for the
year 1902 in the several cities and towns supplied by the Metro
politan Works.
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T able N o. 2.

C IT Y  OR T O W N .

Revenue from Water Rates.
R evenue 

from Metered 
W ater.

PerC ent.
of

Revenue
from

Metered
W ater.

R eceived from 
Private 

Consumers.

R eceived  
from Munic

ipalities.
T otal.

B o s t o n , ...................................... $2,306,191 98 $2,306,191 98 $1,005,312 26 43.6

Som erville..................................... 213,965 51 *- 213,965 51 50,733 53 23.7

Chelsea........................................... 100,468 03 $6,821 00 107,289 03 23,629 86 22.0

Malden............................................ 95,968 95 1,143 29 97,112 24 68,403 08 70.5

E v e r e t t , ...................................... 80,827 74 674 40 81,502 14 23,284 50 28.6

Q u i n c y , ...................................... 78,093 48 *- 78,093 48 14,452 65 18.5

M e d fo rd ,...................................... 53,549 53 6,148 72 59,698 25 6,667 48 11.2

M e lr o s e , ...................................... 49,990 22 *_ 49,990 22 3,041 54 6.1

R e v e r e , ...................................... f 32,382 93 5,117 07 j 37,500 00 1,511 95 4.0

W atertown, . . . . 31,196 88 *- 31,196 88 30,034 88 96.3

Arlington, . . . . 35,721 89 *_ 35,721 89 4,065 98 11.4

M i l t o n , ...................................... 27,694 68 11,155 70 38,850 38 38,850 38 100.0

W inthrop....................................... 127,818 08 4,681 92 j 32,500 00 293 71 .9

Stoneham, . . . . 19,246 35 2,400 00 21,646 35 2,123 95 9.8

B e lm o n t ,...................................... 11,840 51 452 51 12,293 02 12,293 02 100.0

Lexington, . . . . 9,729 87 4,630 99 14,360 86 736 42 5.1

N a h a n t , ...................................... 6,382 47 800 00 7,182 47 791 96 11.0

Swampscott.................................. 17,104 33 1,435 50 18,539 83 - -
$3,198,173 43 $45,461 10 $3,243,634 53 $1,286,227 15 39.7

* N o revenue received for water used for municipal purposes. |  Estim ated.

M ea su rem en t  of  W a ter  consum ed .

Before measurements and investigations could be made to deter
mine the quantity of water used and wasted, it was necessary to 
provide means for measuring the water supplied to the several cities 
and towns. Previous to May 13, 1902, when the Act authorizing 
such measurement was approved, studies had been made to deter
mine the best method of measuring the water used, and on June 20, 
1902, a contract was made with the Builders Iron Foundry of Provi
dence, R. I., for furnishing 42 Venturi meters, in sizes from 8 inches 
to 48 inches. These, with 3 meters previously purchased and set, 
and 4 meters which were subsequently ordered, make 49 meters 
which have been placed at the following points on the pipes supply
ing the several cities and towns : —
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D istrict
SUPPLIED BY

Meter .
Location of Meter.

Size of 
Meter 

(Inches).

A rlington, Medford Street, at Parallel S t r e e t , ................................................................. 20
Belmont, Common Street, at Belm ont S t r e e t , ........................................................ 12
Boston (2 m eters), Low -service pum ping station, Chestnut H ill Reservoir, 48
Boston, . Boylston Street, Brookline................................................................................... 48
Boston, . Brookline Reservoir grounds, B r o o k l i n e , ............................................... 30
Boston, . Chestnut Hill Reservoir, near effluent gate chamber, . . . . 48
E ast Boston, . Condor Street, at Brooks S t r e e t , .................................................................. 24
Brighton, Chestnut Hill A venue, at Beacon S t r e e t , ............................................... 16

C harlestow n, . Broadw ay, at W alnut Street, S o m e r v i l l e , ................................................ 24

Charlestown, . Pearl Street, at W aluut Street, S o m e r v i l le , ............................................... 30
C harlestow n,. Broadw ay, Chelsea, near N orth  B r i d g e , ............................................... 10

D orchester, . Morton Street, at B lue H ill A v e n u e , ......................................................... 16

D orchester, . R iver Street, at Morton S t r e e t , .................................................................. 12

W est R oxbury, A rborw ay, at South S t r e e t , .................................................................. 20
C helsea, . Pow der Horn H ill, at Chelsea R e s e r v o i r , ............................................... 16

Chelsea, . Second Street, at B r o a d w a y , ............................................................................ 24
C helsea, . Second Street, Everett, at Locust S t r e e t , ............................................... 12

Everett, . Broadway, at Hancock S tr e e t ,........................................................................... 16

Everett, . Main Street, at W yllis  A v e n u e , .................................................................. 12

Everett, . Broadw ay, at Corey S t r e e t , .................................................................. 20
Lexington, M assachusetts Avenue, at Arlington-Lexington lin e ................................. 12

Malden, . Highland A venue, at Clifton S t r e e t , ........................................................ 16

Malden, . Hancock Street, at Cross S t r e e t , .................................................................. 12

Malden, . W ashington Street, at W inter S t r e e t , ........................................................ 16

Malden, . Clifton Street, at W ashington S t r e e t , ........................................................ 16

Malden, . Medford Street, at Pearl S t r e e t , .................................................................. 12

Malden, . Medford Street, at Green S t r e e t , .................................................................. 16

Medford, Governors A venue, at H igh S tree t,.................................................................. 10

Medford, Boston A venue, at College A v e n u e , ......................................................... 8

Medford, Governors A venue, at H igh Street.................................................................... 20

Medford, Jerom e Street, at High Street.............................................................................. 10

Melrose, . Ravine Road, right of w ay to M elrose R e serv o ir ,...................................... 20

M ilton, . Adam s Street, at Canton A v e n u e , .................................................................. 12

Nahant, . Beach Road, at N ahant-Lyun l i n e , .................................................................. 8

Q uincy, . A dam s Street, at Beale S t r e e t , .................................................................. 24

R evere, . Prospect A venue, at Revere R eservoir, . ............................................... 12

Som erville, . Boston A venue, at Professors R ow .................................................................. 12

Som erville, Cedar Street, at B r o a d w a y , ........................................................................... 16

Som erville , . B roadw ay, at W illow  A v e n u e , .................................................................. 16
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District 
supplied BY 

Meter .
Location of M eter.

S ize of 
Meter 

(Inches).

Somerville, . Medford Street, at Central Street...................................................................... 12

Somerville, Pearl Street, at W alnut S t r e e t , .................................................................. 16

Somerville, . Broadw ay, at Marshall S tr e e t ,........................................................................... 12

Somerville, . W ebster A venue, near N ew ton S t r e e t , ......................................................... 20

Somerville, W illow  Street, at Elm S t r e e t , ............................................................................ 16

Swampscott, . Ocean Street, at Nahant R o a d , .................................................................. 12

Stoneham, High-service pumping station, Spot P o n d , ............................................... 24

"Watertown, . M ount A uburn Street, near Irving S t r e e t , ............................................... 16

W inthrop, A tlantic A venue, at Cresceut A v e n u e , ......................................................... 16

The work of setting the meters was begun in August, 1902, and 
continued as fast as the meters were received, until the middle of 
December, 1902, when the work was stopped by cold weather. It 
was resumed in March, 1903, and continued until June 27, when all 
meters required for measuring the water used in the 18 cities and 
towns supplied by the Metropolitan Works had been set. The 
cost of the work to date has been $74,088.54. This amount does 
not include the cost of 2 48-inch, 1 36-inch, 1 24-inch and 1 16- 
inch meters purchased and set previous to the passage of the Act.

Although 24 of the meter tubes were set during the year 1902, 
the manufacturers did not deliver any of the registering apparatus 
until early in 1903 ; and it was not until January 24 that any of the 
meters purchased in 1902 were placed in service.

Continuous measurements of the consumption in the several
cities and towns have been made since the following d a te s : —

Stoneham, January 1 Milton, . . Februarj 28
Melrose, . . . . January 24 Chelsea, . . . April 11
Medford, February 3 Quincy, . . May 8
Everett, . . . . February 6 Nahant, . . June 18
Revere, . . . . February 13 Swampscott, . . June 18
Malden, . . . . February 16 Arlington, . June 19
Watertown, February 16 Lexington, . June 19
Belmont , . . . . February 20 Somerville, . June 24
Winthrop, February 26 Boston, . . June 26
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The Venturi meter is entirely different in principle, design and 
operation from the water meters in general use for measuring water 
used by water takers. The meter proper consists of two truncated

cones of cast iron, joined at the smallest diameter by a short throat 
piece of cast iron lined with brass, having a diameter varying in 
different meters from one-quarter to one-lialf of the diameter of the 
large ends of the cones, the three parts making what is known as 
the meter tube. At the up-stream end and at the throat small holes 
are drilled into the tube, from which pipes are carried to the 
register. The operation of the meter is due to the fact that when
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water is flowing through the tube the pressure at the throat is less 
than at the up-stream end, and that the difference in pressure is 
dependent upon the quantity of water flowing through the tube. 
The differing pressures at the up-stream end and throat of the 
meter tube are transmitted through small pipes to the reoister, 
which can be located at any convenient point within 300 or 400 feet 
of the tube. In the register the differences of pressure affect the 
level of a column of mercury which carries a float. The position 
of this float is thus made dependent' upon the quantity of water 
passing through the meter; and by suitable mechanism the quan
tity is recorded by a counter, and the rate of flow at intervals of 
ten minutes is recorded upon a roll of paper, so that the fluctua
tions in the flow throughout each day can be observed. Although 
the pressure at the throat of the meter is often several pounds less 
than at the inlet or up-stream end, the lost pressure is nearly all 
regained by the time the water reaches the outlet end of the tube, 
so that the net loss of pressure caused by the meter is seldom more 
than one pound, under ordinary conditions of use.

This type of meter is well adapted for measuring large volumes 
of water through pipes in which the maximum rate of flow does not 
exceed eight or ten times the minimum rate. The smallest rate of 
flow recorded by the 8-inch meters is 50,000 gallons per day, and 
the 48-inch meters record flows at the rate of 40,000,000 gallons 
during the same time. Comparisons of the water used in the Met
ropolitan District, as determined by current meter measurements of 
the flow in the aqueducts, by displacement of the plungers on the 
pumping engines and by the Venturi meters, indicate that the 
meters probably give results which are accurate within 2 per cent. 
Facsimile copies of records made by the meters, showing the rate 
of consumption in some of the districts, ai’e shown on diagrams 9 
and 10.

The daily average quantity of water used in each of the cities and 
towns during each month since June 30, 1903, is given in the 
following table (No. 3), and in a table appended to this report will 
be found the daily average for each week.



T able No. 3. — Daily Average Consumption o f  Water in  Cities and Towns supplied fro m  Metropolitan Works as
measured by Venturi Meters.

C IT Y
OR T O W N .

J u l y . A u g u st . S e p t e m b e r . O c t o b e r . N o v e m b e r . D e c e m b e r .

Gallons 
per D ay.

Gallons 
per Capita.

Gallons 
per D ay.

Gallons 
per Capita.

Gallons 
per D ay.

Gallons 
per Capita.

Gallons 
per D ay.

Gallons 
per Capita.

Gallons 
per D ay.

Gallons 
per Capita.

Gallons 
per D ay.

Gallons 
per Capita.

Boston, 76,616,200 128 75,322,600 125 77,172,100 128 76,815,100 128 77,201,700 128 85,284,400 141
S om erv ille ,. 5,944,600 88 5,357,300 79 5,630,900 83 5,424,500 79 5,267,100 77 5,863,200 85
Malden, 1,883,800 51 1,764,800 48 1,913,600 51 1,742,700 47 1,620,500 43 1,653,300 44
Chelsea, 3,330,000 93 3,195,900 89 3,190,300 88 3,194,700 88 3,218,200 89 4,150,200 115
Everett, 2,169,800 77 2,188,200 77 2,260,100 80 2,209,200 78 2,350,800 82 2,636,700 92
Quincy, 2,670,900 99 2,397,000 89 2,392,400 88 2,273,300 84 2,252,400 83 2,475,800 91
M edfoid, 1,693,200 81 1,572,800 75 1,753,600 84 1,647,500 78 1,594,000 75 1,659,400 78
Melrose, 1,469,300 105 1,403,500 100 1,442,800 103 1,414,600 101 1,341,300 95 1,304,600 93
Revere, 868,500 67 859,400 65 813,100 62 704,800 53 691,700 52 824,500 62
W atertown, 578,100 53 549,400 50 560,400 51 525,800 48 496,600 45 480,200 44
Arlington, . 799,700 82 640,200 65 501,900 51 554,300 56 531,300 54 567,600 57
Milton, 338,500 46 335,700 45 365,500 49 319,900 43 327,900 44 272,100 36
W inthrop, . 738,300 100 758,200 102 694,100 93 602,800 80 564,500 75 640,700 84
Stoneham, . 483,600 76 505,600 79 458,700 72 441,700 69 445,200 70 475,600 74
Swam pscott, 713,100 94 715,100 94 592,500 83 457,100 74 347,500 67 338,600 65
Belmont, 208,800 43 229,000 47 252,100 52 243,000 50 226,100 46 215,200 44
Lexington, . 267,800 74 278,800 78 309,000 86 233,900 65 181,200 50 185,500 52
Nahant, 317,600 83 237,300 62 194,600 58 86,100 37 41,600 31 52,900 39

101,091,800 112 98,310,800 108 100,497,700 111 98,891,000 109 98,699,600 109 109,080,500 120
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The total consumption of the District, as given in the preceding 
table, is about 2-|- per cent, less than the consumption as measured 
by the displacement of the pump plungers at the pumping stations. 
The difference includes the quantity used in all of the pumping- 
stations and the leakage from the Metropolitan mains and reservoirs. 
This use and leakage is estimated to be not less than 500,000 gal
lons per day.

It will be noticed that there are great differences in the per capita 
use in the several municipalities. To some extent these differences 
can be explained by the difference in the class of takers supplied; 
but, excepting the live larger cities, where the manufacturing and 
trade use is considerable, it is safe to assume that where the con
sumption per capita is more than 50 gallons per day the excess is 
wasted.

Investigations have been made to determine the amount of water 
used in the several municipalities for domestic purposes, for manu
facturing, mechanical and trade purposes, and for public purposes ; 
also to ascertain the various ways in which water is unnecessarily 
used or wasted.

U se  o f  W a ter  fo r  D omestic P u r po ses .

The term “ domestic use ” will, for the purposes of this report, 
be understood to include not only the strictly household use, but 
also the water used for private stables and watering lawns. The 
best information regarding the quantity used for these purposes is 
obtained from the records of the cities and towns where all or a 
large percentage of the water takers are supplied through meters. 
•Within the Metropolitan District there are about 8,500 meters sup
plying water for domestic purposes. In the towns of Belmont and 
Milton every service pipe is metered ; in Watertown, 89.5 per cent. ; 
and in Malden, 63.4 per cent.

The average daily quantity of water used for domestic purposes 
as measured by meters in each of these municipalities during the 
years 1901 and 1902 was as follows : —
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C ITY  OR T O W N .

N u m b e r  
o p  Co n s u m e r s . G allons p e r  D a y . G allo n s  p e r  Day 

p e r  C o n su m er .

1901. 1902. 1901. 1902. 1901. 1902.

Belm ont............................................ 3,600 3,900 63,760 66,630 17.7 17.1

M a l d e n , ...................................... 21,100 22,550 414,030 450,160 19.6 20.0

M i l t o n , ...................................... 6,850 7,450 115,000 143,500 16.8 19.3

W atertow n, . . . . 9,650 10,250 147,200 152,900 15.3 14.8

41,200 44,150 739,990 813,190 18.0 18.4

The above quantities include water used for stables supplied in 
connection with dwellings and that used for lawn sprinkling, as well 
as that used strictly for household purposes. In all these munici
palities the meters have been in use but a comparatively few years, 
and it is not probable that they have become worn so as to cause a 
large percentage of error in registration. The experience in other 
cities and towns where meters are in general use on domestic services 
corroborates the results obtained in the Metropolitan District.

Table No. 4 gives the per capita metered consumption for the 
year 1902 in 'several places where all or a large percentage of the 
water used is metered.

T able N o . 4.

C IT Y  OR T O W N .
Estimated

Num ber
of

Consumers.

Per Cent, 
of Services 

metered.

Total
D a ily  Average 

Metered 
Consumption  

(G allons).

G a ll o n s  p e r  Consumer 
p e r  D a y .

D om estic. Manufac
turing. Totals.

Brockton, . . . . 37,800 90.0 822,670 13.2 0.5 * 21. 8

F all R iver................................ 107,650 96.0 2,607,100 15.5 5.2 * 22.2

N ew ton, . . . . 35,400 86.0 1,202,740 23.1 4.6 * 34.0

W a r e ,...................................... 7,690 100.0 203,430 25.4 1.1 26.5

W oonsocket, R. I ., . 34,474 86.7 762,380 11.6 10.5 22.1

W elles ley ................................ 5,147 100.0 132,540 25.6 .1 25.7

W orcester, . . . . 119,330 94.5 4,331,030 16.1 17.8 * 36.3

Y onkers, N . Y., 51,000 98.7 2,413,380 19.7 22.0 *42.7

398,491 - 12,475,270 16.7 -
____

* Inoludes water used for public purposes.

The statement sometimes made that the greatest use or waste of 
water is to be found in the cheapest class of houses is not substan
tiated by the results obtained where water is supplied by meter. 
On the contrary, experience seems to indicate' that the per capita
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use of water for domestic purposes increases with the value of the 
property supplied.

This is illustrated by the following tables (Nos. 5 and 6), the 
first of which gives the per capita consumption in tenement houses 
in the city of Boston during the year 1902, and the second the per 
capita consumption in houses of differing value in other cities : —

T able No. 5 —  Use o f  Water in Tenement Houses in Boston during 1902.

Ward 6, 
Ward 7, 
Ward 7, 
Ward 8, 
Ward 9, 
Ward 8, 
Ward 8, 
Ward 10, 
Ward 10, 
Ward 11, 
Ward 11, 
Ward 11,

W A R D .
Num ber

of
H ouses.

Number
of

Fam ilies.

Number
of

Persons.

G allons

Per
Fam ily.

per  D a y . 

Per
Capita.

Monthly
Rental.

21 263 1,226 115 24.8 $12 to $16
8 75 365 71 14.5 12 to 16

13 155 755 64 13.2 16 to 20
15 131 625 113 23.7 16 to 20
20 171 758 92 20.7 12 to 20
12 116 553 141 29.6 20 to 25
10 88 •120 138 29.0 25 to 30
21 209 949 150 33.1 25 to 30
20 250 1,135 200 43.9 30 to 40
10 111 545 190 38.7 25 to 45
10 89 437 194 39.5 35 to 55
9 81 398 218 44.4 50 i pwards

169 1,739 8,166 139 29.63 -

Table No. 6. — Domestic Consumption per Capita in Newton, Fall River, 
Worcester and London, E ng., as determined by Meter Measurement.

Co n su m pt io n

CITY Num ber Num ber Num ber (G a l l o n s).
of of of Remarks.

OR TO W N . Houses. Fam ilies. Persons. Per Per
Fam ily. Capita.

Newton, 490 490 2,450 132.5 26.5 A ll houses supplied w i t h

Newton,
modern plumbing.

- 619 3,005 - 6.6 T hese fam ilies have but one

Newton,
faucet each.

- 278 1,390 34.5 6.9 These fam ilies have but one

Fall River, .
faucet each.

28 34 170 127.5 25.5 ; The most expensive houses in

Fall R iver ,.
the city.

64 148 740 42.0 8.4 Average class of houses, gen-

Worcester,

erally having bath and water- 
closet.

- 81 327 80.2 19.9 W oodland Street, best class of

Worcester,
houses.

- 37 187 118.1 23.4 Cedar Street, best c l a s s  o f

Worcester,
houses.

- 93 447 95.0 19.8 Elm Street, houses of moderate

Worcester, - 245 1,104 55.1 12.2 |
cost.

Southbridge Street, cheaper

Worcester, 229 809 55.0 15.6 A ustin Street, cheaper housos.

London, Eng., . 1,169 - 8,183 _ 25.5 Houses renting from $250 to

London Eng.,

$600; each have bath and 
two water closets.

727 - 5,089 - 18.6 Middle class, average rental,
$200.
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During the past thirty years the number of water fixtures has in
creased much faster than the population. In Boston, for example, the 
average number of fixtures per capita increased from .523 in 1870 
to 1.165 in 1900, so that the opportunities for the use and waste of 
water were greatly increased. It is probable that there is likely to 
be still further increase in the use of water for domestic purposes, 
even though it be supplied and paid for by meter measurement; but 
it does not seem probable that the quantity needed will exceed 25 
gallons per capita for many years to come.

U se  o r  W a ter  fo r  M anufacturing , M echanical  and T rade

P u r po ses .
The use of water for manufacturing, mechanical and trade pur

poses varies to a wide degree in different municipalities, depending 
upon the extent of business and trade and upon the character of the 
purposes for which water is used. The manufacturing and trade 
use in the Metropolitan Water District is centered in Boston, 
although the per capita use for these purposes is quite large in sev
eral other cities and towns.

The greater portion of the water used for manufacturing and trade 
in the Metropolitan District is supplied through meters, and the 
metered use in the several municipalities for these purposes during 
the year 1902 was as follows : —



T able N o . 7. —  Water supplied through Meters fo r  Manufacturing, Mechanical and Trade Purposes, during the Year 1902.
[Gallons per capita per day.]
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B a k e r i e s , ........................................................ .07 .06 .18 . .04 . . .03 _ _ . _ . . . _ . _ .06
Breweries and bottling, . . . . . 96 . 10 - - . 04 - - - - - - - - - - - - - . 65
E lectric com panies............................................. 1.73 .62 - 1.40 - .31 - - 1.42 - - - - - - .58 - - 1.29
Elevators and m o to rs ,...................................... 1.70 .09 .04 .08 .02 - .08 .07 .01 - - .04 .03 - .03 - - - 1.16
Factories and machine shops, 2.10 .73 6.15 .85 .37 2.03 .48 .19 - 1.91 .09 .11 - 1.74 - - - - 1.86
Farms aud greenhouses, . . . . .04 .02 - .04 - .02 .02 .16 .10 1.06 4.12 .01 - .23 4.76 - - - .12

.31 - .05 .11 13.46 - - - - - .23 - - - - .28 - - .63
2.70 .07 .13 .08 - .06 .08 .16 .16 - .18 - - - - - - - 1.83

.29 .01 .35 - 1.22 - - - - - - - - - - - - - .25

.41 - .12 .01 .05 - .29 .08 - - - .02 - - - - - - .29
Offices and s t o r e s , ...................................... 5.12 .39 .12 .70 .23 .28 .63 .19 - .64 .41 .07 - - .03 - - - 3.53
Oil and c h e m i c a l s , ...................................... .12 .16 .06 .06 2.61 - .68 .04 - - .02 - - - - - - - .19
R ailw ays................................................................ 5.62 5.63 2.62 .04 .04 - 1.03 .17 - .66 .67 .01 - 1.17 .19 1.67 - - 4.35
Restaurants and saloons, . . . . . 85 - - - .11 - - - - - - - - - - - .10 - . 57
S h i p p i n g , ......................................................... .77 .10 1.25 .06 - .10 - - - - - - - - - - .27 - .57

S ta b le s ,.................................................................. .59 .48 1.27 .15 .19 .01 .15 .45 - - - .36 - .18 .05 - 1.21 - .51
Sugar r e f in e r ie s ,............................................... 1.12 - - - - 2.32 - - - - - - - - - - - .82
M i s c e l l a n e o u s , ............................................... .30 .11 .01 .35 .22 1.58 .45 .19 - .38 4.07 .14 - - - - .33

T o t a l s , ......................................................... 24.90 13.98 12.38
___

3.93 18.61 6.72 3.89 1.54 1.88 4.27 6.11 4.69 .17 3.34 5.06 2.52 1.58 - 19.47
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Careful estimates of the quantity of water used for these purposes, 
which is not metered, indicate that the amount is not more than 5 
gallons per capita in Boston and from 2 to 3 gallons per capita in 
other cities and towns in the District, with an average of about 4 
gallons for the whole District. This quantity, added to the quantity 
supplied through meters, gives about 23.5 gallons per capita per day 
required at the present time for manufacturing, mechanical and trade 
purposes in the Metropolitan Water District.

In other cities of the United States there exists a wide difference 
in the amount of water used from the public water supplies for 
manufacturing and mechanical purposes, depending upon the char
acter of the manufacturing carried on or the rates charged for water, 
and upon other local conditions.

The following table (No. 8) gives the total metered consumption 
in 1902 in several of the largest cities of the United States, where 
very little or none of the water supplied for domestic use is 
metered: —

T a b l e  No. 8 .

C it ie s .
Num ber

of
M eters.

D aily Average 
Metered 

Consumption  
(G allons).

Per Cent, 
of Services 

metered.

Gallons
per

Capita.

Gallons per 
Metered 
Service 

per Day.

B o s t o n , ......................................................... 5,381 17,521,400 6.03 29.90 3,393

St. L ouis, M o................................................ 4,035 15,149,000 6.41 23.30 3,495

Baltim ore, M d . , ...................................... 2,182 13,226,000 2.17 25.20 6,061

Buffalo, N . Y . , ...................................... 1,375 16,501,800 2.04 46.00 12,000

Pittsburg, P a . , ...................................... 394 4,279,000 1.09 16.40 10,860

D etroit, M ich................................................. 5,847 14,970,800 9.24 42.70 2,543

Chicago, 1 1 1 .,............................................... 7,075 41,096,000 2.18 18.30 5,809

Philadelphia, P a .......................................... 1,510 16,430,400 .59 12.20 10,881

In the city of Buffalo the water rates are very low, and the use 
of water for manufacturing and mechanical purposes is very large. 
From 2.04 per cent., or about one-fiftieth of the service pipes in 
use, there are drawn daily 16,501,800 gallons, — an amount equiva
lent to 46 gallons per inhabitant for the whole city. This per capita 
quantity used by a comparatively few water takers is 8 gallons more 
than the per capita consumption in the city of Fail River for all pur
poses, domestic, manufacturing and public. In Fall River the use 
of water from the public water supply for manufacturing and trade
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purposes is only 5 gallons per capita, the factories obtaining their 
supply of water from a stream which flows through the city.

A comparison of the figures giving the percentage of services 
metered and the daily number of gallons used per meter and per 
capita indicates that but a small portion of the total manufacturing, 
mechanical and trade uses are metered in several of the cities, and 
that the total use for these purposes is much larger than in the Met
ropolitan District.

U se  of  W a ter  fo r  P ublic  P u r po ses .

The principal uses included under this head are for public build
ings, for public fountains, for sprinkling streets, for flushing water 
pipes and sewers, and for extinguishing fires.

While the quantity used for public purposes in most cities is a 
very small proportion of the total quantity used, there is a large 
difference in the quantity used in different cities, and in some in
stances the public use is quite a large proportion of the total. 
Where no charge is made for water used in public buildings and for 
other public uses, it often happens that little or no attention is given 
by the officials in charge to prevent the extravagant use or waste of 
water, and for this reason the quantity used is sometimes very 
large. In the several municipalities comprising the Metropolitan 
Water District the practice regarding payment for water used for 
public purposes is not at all uniform. In Boston, Somerville, 
Quincy, Melrose, Watertown, Arlington and Stoneham the water 
departments receive no income from water furnished to other de
partments of the municipality; but in Watertown, Quincy and 
Stoneham the income from water rents is insufficient to pay the 
maintenance, interest and sinking fund requirements, and a sum to 
meet the deficiency is raised by general taxation. In Chelsea, 
Kevere, Milton, Winthrop, Lexington and Nahant the water depart
ments receive an income for water used for all public purposes, 
including a payment for fire hydrants. In Malden, Everett and 
Belmont an income is received for water used in public buildings, 
but no charge is made for fire hydrants or for water used in sprink
ling streets and flushing sewers. In Medford an income is received 
for water used in public buildings and for fire hydrants, but not for 
street sprinkling and flushing sewers.
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Public Buildings.
Under the head of public buildings are included schools, fire 

engine houses, State House, city and town halls, hospitals, asylums 
and jails, churches and theatres, and all other national, State, county 
and municipal buildings.

The best measurement of the quantity required for public schools 
is that furnished by the records in several of the cities and towns 
where the water furnished to the schools has been metered. The 
results of these measurements are given in the following table (No. 
Da 

table No. 9. — Use of Water in Schools.

C it y

ok T o w n .
Year.

Number
of

Schools
metered.

Teachers
and

Scholars 
in Schools 
metered.

Total
Teachers

and
Scholars 
in City.

Gallons
per

Scholar 
per School 

D ay.*

G allons per 
D ay per 

Inhabitant 
for

Schools.

Remarks.

B oston, . 1899 t - 72,190 72,190 6.22 .41 A ll metered except 
about 7 per cent.

Malden, . 1901 17 5,446 5,446 2.21 .17

Malden, . 1902 18 5,640 5,640 2.26 .18

M edford ,. 1901 13 2,734 3,214 4.02 .33

Medford, . 1902 13 2,874 3,354 4.11 .34

Belm ont, . 1902 4 626 626 6.96 .48

Milton, 1901 6 1,122 1,122 6.56 .53 One school of 70 
scholars does not 
use city wa t e r ,  
and is not metered.

Som erville, 1899 22 9,004 9,228 6.29 .46 A ll e x  c e p t  one  
school metered.

*  T h is column is  based on the assum ption that there are 180 school days in the year, 
t T he quantity used w as m etered, except about 7 per cent., w hich w as estim ated from the amount 

received from annual rates at 14 cents per 100 cubic feet. T he number of scholars in the unmetered 
schools could not be readily ascertained.

The use for public schools should not exceed .5 of a gallon per 
capita of the total population. The private schools and colleges in 
the Metropolitan District used by meter measurement, in the year 
1902, a quantity equivalent to .2 of a gallon per capita of the entire 
population, which, added to the public school use, gives .7 of a 
gallon for the total use of schools.

During the year 1902 the water used through meters in the national, 
State and county buildings in the District, including the use at the 
Navy Yard and the Watertown Arsenal, was equivalent to .58 of a 
gallon per capita; and the quantity supplied through meters to the
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hospitals, asylums, jails and prisons was equivalent to .5 of a gallon 
per capita. In Boston the water supplied to the public institutions 
on Deer, Long, Rainsford and Gallops islands, the city hospital, the 
insane asylum, city hall, fire engine houses and other municipal 
buildings is not metered, neither is that supplied to public buildings 
in several other cities and towns. This unmetered quantity is esti
mated at 1.5 gallons per capita of the total population.

In churches, theatres, clubs and public halls the quantity used in 
1902 by meter measurement was equivalent to .4 of a gallon per 
capita, and it is probable that at least .1 of a gallon was used which 
was not metered, making the use for these purposes .5 of a gallon 
per capita per day.

The total for public buildings is as follows : —
Gallons.

Schools,................................................................................................. .70
National, State and county buildings, metered, . . . . .58
Hospitals, asylums and jails, metered, . . . . . .  .50
Churches, theatres and clubs, metered,................................................ .40
Public buildings, other than schools, unmetered, . . . . 1 . 6 0

Total for public b u i ld in g s , ...................................................... 3.78

Public Fountains.
The estimated quantity of water used by 139 public drinking 

fountains, which are located in the several cities and towns supplied 
by the Metropolitan Works, averages 664,640 gallons per day, 
equivalent to .74 of a gallon per capita of the population supplied.

The following table (No. 10) shows the estimated quantities used 
in the several cities and towns : —

T able  N o. 10.

City or T own.
Num ber of 

Public 
D rinking  

Fountains.

Estimated  
D aily  A verage 

Quantity 
used

(G allons).

City or T own.
N um ber of 

Public 
D rinking  

Fountains.

Estimated  
D aily Average 

Quantity 
used

(G allons).

Arlington, . 4 10,120 Nahant, 3 9,030
Belmont, 2 11,230 Q uincy, 9 34,060
Boston, 62 380,900 Revere, 4 16,040
Chelsea, 2 17,240 Homerville, 6 33,410
Everett, 3 16,670 Htoneham, . 1 1,560
Lexington, . 3 10,490 Hwampscott, 4 11,810
Malden, 11 48,460 W atertown, 4 5,500
Medford, 10 32,280 W inthrop, . 4 13,770
Melrose, 4 8,810 —

Milton, . . . . 3 3,260 Total, . 139 664,640
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In the greater proportion of the drinking fountains the water runs 
continuously, and it follows that the greater part of the water is 
wasted. The average use in 18 fountains of this class in Boston, 
as determined by measurement, was 14,000 gallons per day each. 
Thirty-three of the drinking fountains for animals used in Boston 
are so arranged that during the six summer months the flow into the 
trough is controlled by an automatic valve, and no water is wasted; 
during the winter season the flow is continuous. Meters attached 
to two of these fountains showed that ^he use during the summer 
was at the rate of 1,250 gallons per day, and during the winter, when 
less water is needed, 6,250 gallons, or five times the summer use.

In the city of Boston there are 20 ornamental playing fountains, 
located on the Common, public gardens and public squares, nearly 
all of which are allowed to run continuously during six months of 
the year. The quantity discharged by these fountains has been 
measured where practicable, and the total quantity is estimated to 
be 237,000 gallons per day for six months, equivalent to .2 of a 
gallon per capita for the whole year. The combined use for drink
ing and ornamental fountains is about 1 gallon per capita per day.

Street Sprinkling.
For sprinkling streets throughout the Metropolitan District in 

the year 1901 the quantity used is estimated to have been nearly 
700,000,000 gallons, equivalent to 2.13 gallons per capita per day 
for the year.
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T a b l e  No. 1 1 . — Water used fo r  sprinkling Streets in the Metropolitan
D istrict, 1901.

Gallons

City Total
per Square Gallons A verage Length of 

Street 
watered  
(M iles).

or T own. Gallons. watered
Street,

per Capita 
per D ay.

W idth
(F eet).

Basis of Estim ates.

per Y ear.

Arlington, 6,960,000 44.1 2.12 35.0 7.69 Estim ated by town en-
gineer and superin-

B elm ont,. 2,250,000 18.8 1.47 30.0 6.82
tendent of streets. 

Estim ated by superin-
Boston, . 492,046,200 *51.0 2.35 * 31.9 * 476.00

tendent of streets. 
Record kept by cart-

Chelsea, . 14,198,600 42.9 1.12 27.0 18.14
loads.

Record kept by cart-
Everett, . 18,214,800 44.9 1.87 28.8 23.91

loads.
Estim ated by superin-

tendent of Board of
Malden, . 23,664,900 54.0 1.87 31.1 24.05

Public W orks. 
Record kept by cart-

M edford,. 23,795,900 61.5 3.41 28.2 27.96
loads.

Estim ated from data
furnished by street

Melrose, . 10,000,000 38.8 2.06 27.0 16.22
department. 

Estim ated by superin-
tendent of P u b l i c

Milton, 14,559,900 27.5 5.87 21.2 42.57
W orks.

A ll metered at stand-
Nahant, . 3,784,000 21.6 8.63 24.0 12.45

pipes.
Estim ated by superin-

Quincy, . 12,960,000 57.0 1.43 26.0 14.90
tendent of streets. 

Estim ated by commis-
si oner o f P u b l i c

Revere, . 3,942,500 19.7 | .96 31.4 10.88
W orks.

Record kept by cart-
Somerville, 45,780,300 60.5 1.97 24.3 53.02 !

loads.
Estim ated by street

Stoneham, 1,400,000 31.8 .60 37.5 2.00 !
department. 

Estim ated by water
Swampscott, . 6,292,800 36.7 3.67 28.4 10.26

department. 
Estim ated by superin-

tendent o f W a t e r
Watertown, 13,450,000 51.6 3.67 I 39.3 n .33  1

W orks.
Estim ated by superin-

Winthrop, 5,900,600 19.2 2.48 25.8 20.28 |
tendent o f streets. 

Record kept by cart-
loads.

—
699,200,500 48.1 ; 2.13 30.1 778.48

Total square yards, 13,754,700.

Length of sprinkled roadways in Boston park system  not known, and so not included w ith these 
ngures. T he amount of water used for this purpose w as 37,500,000 gallons, and this is included in 
the other tw o colum ns.

The quantity used in the several municipalities has been deter
mined from the best data obtainable. In the town of Milton the 
water was measured by meter at each standpipe ; in Boston, Chelsea, 
Malden, Revere and Winthrop a record was kept of the number of 
loads used and the capacity of the carts ; in other municipalities the 
quantity used has been estimated by the department officials ; and, 
whdo there are doubtless inaccuracies in some of the items, it is 
thought that the total is fairly correct.
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Flushing Water Pipes and Sewers and extinguishing Fires.
Very little information is available from which to estimate the 

quantity used for flushing water pipes and sewers and extinguishing 
fires. Although large quantities of water are at times drawn from 
the pipes for extinguishing fires and for flushing water pipes, the 
use continues for but a short time, and the total use during the year 
is comparatively small; the per capita yearly use probably does not 
exceed .20 of a gallon.

The quantity required for public purposes may be summarized as
follows: —

Gallons 
per Capita.

Public b u i l d i n g s , .....................................................................3.78
Drinking and ornamental fountains,.............................................1.00
Street s p r in k l in g , .....................................................................2.13
Flushing water pipes and sewers and extinguishing fires, . .20

7.11

Q uantity  actually n e e d e d  f o e  A ll  P u e po se s .

From the preceding statements the total quantity actually required 
for legitimate use in the Metropolitan Water District at the present 
time is shown to be less than 60 gallons per inhabitant per day,
div ided  as follow s : —

Domestic use, 
Manufacturing, mechanical 
Public use, . . . .

and trade use,

Gallons
. 25.0 
. 23.5 
. 7.0

Q uantity of  W ater  w a sted .
55.5

If, as has been stated, the actual requirements for domestic, manu
facturing, trade and public purposes in the Metropolitan District do 
not exceed 60 gallons per inhabitant, while the total supplied to the 
District is nearly 120 gallons, it is evident that one-half of the water 
furnished must be wasted either from the street mains and service 
pipes, or from the water fixtures and piping on the premises of the 
water takers. A strong proof of the existence of waste is shown 
by measurements of the water used between 1 and 4 a .m., when the 
legitimate use of water is at its minimum.

The following table (No. 12) gives the results of continuous 
measurements of the water used in each of the cities and towns sup-
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plied by the Metropolitan Works for the period of six months, from 
June 28, 1903, to January 2, 1904, and shows not only the daily 
average quantity used, but also the rate of use between the hours 
of 1 and 4 a . m . : —

T a b l e  No. 1 2 . —  Daily Average (24 Hours) and Night Rate of Con
sumption from Metropolitan Works, June 28, 1903, to January 2 
1904.

C it y  o r  T o w n . Service.

Arlington, . 

Belmont, . 

Boston,

Chelsea,

Everett, 

Lexington,. 

Malden,

Medford,

Melrose,

Milton,

Nahant,

Quincy,

Revere,

Somerville,

Stoneham, . 

Swampscott 

Watertown, 

Winthrop, .

District totals. 

Totals,.

High,

H igh,
Low,

( H igh, 
\ Low,
( Total,

C H igh, 
c Low, 
i Total,

H igh,

; High, 
Low,

: Total,

High, 
Low, 

t Total,

H igh,

H igh,

H igh,

H igh,

H igh,

( H igh,
< Low,
( Total,

H igh,

H igh,

H igh,

H igh,

S H igh,
( Low ,

1 Estimated  
2 . Pop

ulation.

A verage
D aily

Consump
tion

(G allons).

A verage  
D aily  

per Capita 
(G allons).

A verage 
N ight Rate 
1 to 4 A.M. 
(G allons 

per
24 H ou rs).

N ight 
Rate per 

Capita 
(Gallons 

per
24 H ours).

3,005 252,000 84 1 * 200,000
1

676,840 367,000 54 * 225,000 339,845 619,000 63 426,000 43
4,875 228,000 47 111,000 23

199,750 24,763,000 124 ' 17,259,000402,425 53,465,000 133 ! 37,846,000 94602,175 78,228,000 130 55,105,000 92
7,480 537,000 72 352,000 4728.645 2,862,000 100 2,005,000 7036,125 3,399,000 94 2,357,000 65
7,255 370,000 51 220,00021,195 1,937,000 91 1,332,000

28,450 2,307,000 81 1,552,000 55
3,600 243,000 68 * 135,000 38
8,995 493,000 55 278,000 3128,320 1,271,000 46 647'000 2337,315 1,764,000 47 925,000 25
4,030 454,000 113 318,000 7917,005 1,200,000 71 680,000 4021,035 1,654,000 78 998,000 48

14,015 1,395,000 100 1,000,000 71
7,475 325,000 44 115,000 15

f  2,555 158,000 62 * 50,000 20
27,135 2,415,000 89 1,554,000 57
13,165 796,000 60 494,000 38
15,985 1,152,000 72 605,000 3852,325 4,448,000 85 l 2,811,000 6468,310 5,600,000 82 3,416,000 50
6,400 467,000 73 322,000 50

t 6,380 527,000 83 * 260,000 41
10,950 532,000 49 217,000 20
7,485 668,000 89 414,000 55

350,535 35,775,000 102 23,904,000 ■ 68556,755 65,550,000 118 45,546,000 i 82
907,290 101,325,000 112 69,450,000 77

■ Estimated. |  A llow ance made for transient population during summer months.



30 WATER CONSUMPTION AND WASTE. [Mar.

It will be noticed that both the daily per capita and night rates of 
consumption vary widely in different districts, even where the takers 
are of the same general class. Where the rate for twenty-four hours 
is large, the night rate is in almost every case excessive. It is also 
noticeable that the lowest rates of consumption are to be found in 
those districts where water meters are in general use. Take, for 
example, the rates of consumption during the night in Milton, 
Watertown, Belmont and Malden, as compared with those in Med
ford, Melrose, Winthrop and the high-service districts of Brighton 
and Chelsea. The population of each of these groups is about 
60,000. They are districts in which the manufacturing use is very 
small, and there appears to be no good reason why the legitimate 
use of water between the hours of 1 and 4 a . m . should not be very 
small in every case. In the first group the rate varies from 13.4 to 
25.5 gallons per capita, with an average of 18 gallons; while in the 
second group it varies from 43 to 71.4 gallons, with an average 
of 58.3 gallons. The difference between 18 and 58 gallons is un
questionably preventable waste.

In districts where the use for manufacturing, mechanical and trade 
purposes is large, the legitimate use during the night is in some 
instances also large. Water is used in considerable quantities 
during the night, as well as the day, in electric light and power 
stations, gas works, hotels and large institutions. For example, at 
the New England Gas and Coke Works in Everett water is used 
between the hours of 1 and 4 a . m . at the rate of 500,000 gallons 
per day, which is equivalent to 18.5 gallons per capita per day for 
the entire population of the city. This, however, is an exceptional 
case. Considering the whole Metropolitan District, the legitimate 
draft during the night is very small, when compared with 77 gallons 
per capita, which was the average minimum rate during the last six 
months of the year 1903. Nearly all of the water used for manu
facturing, mechanical and trade purposes is metered, and the total 
is but 23.5 gallons per capita, of which the greater part must be 
used during the day. It is not probable that the legitimate use for 
all purposes during the hours of minimum consumption is more than 
17 gallons per capita, in which case the difference between 77 gallons 
drawn from the pipes and 17 gallons used, or 60 gallons, must be 
wasted. This amount agrees very closely with the amount obtained
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by subtracting the total quantity estimated as actually required for all 
purposes in the Metropolitan District from the total quantity used.

Diagram No. 1 shows graphically the comparative volume of water 
used and wasted in the several municipalities, the cities and towns 
being arranged in order of per capita use. The unshaded areas at 
the top of the diagram show the estimated volume legitimately used, 
and the shaded areas at the bottom of the diagram the volume wasted. 
The dotted lines show the minimum rate of use, and the areas between 
the dotted lines and the shaded areas show the estimated use during 
the hours of minimum consumption.

Diagram No. 2 shows the rate of consumption in the whole district 
supplied by the Metropolitan Works for each hour during three weeks, 
as measured by Venturi meters. During the week ending July 11, 
1903, the weather was hot and dry, especially during the latter part of 
the week; during the week ending August 8 the weather was compar
atively cool, with showers and little sunshine; and during the week 
ending January 9, 1904, was extremely cold. On Monday, July 
6, .42 of an inch of rain fell, making street sprinkling unnecessary 
until Tuesday afternoon. For this reason the use during Monday, 
July 6, was very nearly the same as on Monday, August 9. During 
the last four days of the week ending July 11 the maximum tem
perature was from 89 to 95 degrees, and a large amount of water 
was used for sprinkling streets and lawns. The consumption for 
these days was from 14,000,000 to 17,000,000 gallons per day more 
than during the corresponding days of the week ending August 8, 
when frequent showers and cool weather made both street and lawn 
sprinkling unnecessary. During both of these weeks the minimum 
rate of use was about 75 gallons per capita. The dotted upper line 
on the diagram shows the use during a week of very cold weather.

Causes of  W a st e .

Water is wasted, either negligently or wilfully, from mains and 
service pipes in the public streets, or from pipes and fixtures on the 
premises of the water takers.

Waste from Street Mains and Services.
The amount wasted from the street mains and service pipes is 

a much larger percentage of the total consumption than has been
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generally estimated. This fact is proved by the results obtained 
where water supplied to individual takers is measured, and can be 
compared with the total quantity supplied to the city or town. In 
the Metropolitan District in the town of Milton the water supplied 
to every taker is metered, including that used for street watering 
and other public purposes. In Belmont all supplies are metered, 
and a careful record is kept of the number of loads of water used 
for street watering. The total quantity of water delivered into the 
pipes of each town has been measured by means of Venturi meters, 
and, if the meters through which water is supplied to individual 
takers record accurately the water passing through them, the difference 
between the quantity recorded by the local meters and that delivered 
into the pipes of the town must represent the leakage from the 
street mains and service pipes.

The results of the observations made in these towns are as fol
lows : •—-

T O W N S.

G a l lo n s  p e r  D ay .
Per Cent.

unac
counted

for.

Gallons per 
Day un

accounted 
for per 

Mile of Pipe.

D elivered
into

Pipes of 
T ow n.

Metered
to

Consumer.

U nac
counted

for.

Milton, A pril, May, Ju ne.................................. 325,100 216,300 108,800 33.5 3,110

Milton, Ju ly , A ugust, September, 328,000 199,100 128,900 39.3 3,680

Belm ont, March 15 to May 15, 171,500 135,300 66,200 38.6 3,710

Belm ont, May 16 to September 15, 230,500 145,000 85,500 37.1 4,780

In both of these towms meters have been used but a few years, 
and it does not seem probable that the loss in registration of the 
meters can be more than 2 or 3 per cent.

Similar results have been obtained in every city and town where 
the water supply to individual takers has been metered. In the 
following cities and towns meters are in use on all or a very large 
percentage of the services, but in every case a large percentage of 
the water delivered into the mains from the reservoir or pumps is 
unaccounted for by the meters.
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D iagram  show ing the per capita quantity o f water used and wasted in the 

several c ities and towns supplied by the Metropolitan W ater Works. 

Figures fo llow in g  names o f cities an d  towns show percentage o f total population o f district
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Tab'le No. 13.

CITY
OR TOW N.

D e l iv e r e d  in t o  M a in s .
M e t e r e d  to C o n su m 

e r s , OR OTHERWISE 
ACCOUNTED f o r . Per Cent.

un
accounted

for.

Gallons 
p >r Day  

un
accounted 

for per 
Mile 

of Pipe.

Per Cent, 
of Taps 

metered.

D aily
A verage

(G allons).

Gallons
per

Consumer.
Gallons.

Gallons
per

Consumer.

Brockton, . 90.0 1,362,470 36.0 902,120 22.0 32.3 6,200

Ware, 100.0 338,160 44.0 203,430 26.5 39.8 11,200

W orcester,. 94.5 8,094,840 68.0 4,331,030 39.0 46.5 20,800

W ellesley, . 100.0 257,000 50.0 150,000 29.0 41.5 3,450

Yonkers, N. Y., 100.0 4,540,900 89.0 2,463,490 42.7 45.7 23,340

Fall River, . 96.0 4,365,060 40.5 3,430,300 32.0 21.5 10,000

Woonsocket, R .I. 86.7 989,420 28.6 762,380 22.0 23.0 4,370

In Belmont and Milton the quantity unaccounted for by the house 
meters varied from 3,110 to 4,780 gallons per mile of pipe per day, 
while in the cities and towns given in the above table the corre
sponding quantities vary from 3,450 to over 23,000 gallons. It is 
possible that in some instances the quantity delivered into the mains 
is overestimated, but there is no doubt that in the majority of cities 
there is a large leakage from mains and services. The opportunities 
for leakage from pipes buried underground are great, and the 
chances for their discovery are in most cases comparatively small. 
In the Metropolitan Water District there are 1,457 miles of pipes, 
on which there are 750,000 leaded joints from'which leakage may 
occur. Leaks of considerable magnitude often remain undiscovered 
for months, the water escaping into the ground or into a brook or 
sewer. Several years ago, while Deacon waste-water meters were 
being used in Boston to detect leaks, several 4-inch and 6-inch cast- 
iron pipes were found broken, from which the water was escaping 
unseen into the sewers. In a number of instances this leakage was 
at the rate of 24,000 gallons per day, and in one instance 100,000 
gallons per day were found to be running into a sew'er from a 6-inch 
pipe which was broken entirely off.

A very forcible illustration of this source of waste has been fur
nished in the town of Stoneham. During the first six months of the 
year 1902 about 800,000 gallons per day were supplied to the town. 
As this quantity appeared larger than was needed for legitimate use, 
an investigation was instituted for the purpose of learning where the
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water was used, with the result that four leaks in the street mains 
were found, which gave no surface indications. After these were 
repaired the consumption of water fell to 330,000 gallons per day, 
indicating that 470,000 gallons [ter day had been wasting from a few 
unseen defective pipes.

On the Boston works several large leaks in mains and service 
pipes have been discovered during the past year by means of the 
Deacon waste-water meters. The aggregate waste from eight of 
these was about 27,000 gallons per hour, equivalent to 648,000 
gallons per daj .̂ In Arlington, Chelsea and Medford leaks from 
defective joints in the street mains have been discovered from which 
water was wasting at rates of from 1,000 to 2,000 gallons per hour, 
without any indications being given on the surface.

Tests have been made in Melrose to determine the amount of 
water leaking from the mains and services, by measuring with a 
meter the rate of flow into the pipe supplying certain streets while 
all the stop cocks on the house services were closed. These tests 
were made during the night, when the legitimate use was very 
small. The result of these measurements was as follows : —

T abi.e N o. 14.

Length of Main . Size
(Inches).

Number
of

Service
Pipes.

Leakage 
from Mains 

(Gallons 
per H our).

Leakage 
and Use in 

Houses 
(Gallons 

per Hour).

1,000 fee t............................................................................... 6 20 1,035 180

600 feet............................................................................... 6 13 250 290

1,000 f e e t , ........................................................................... 6 22 225 70

400 f e e t , ............................................................................ 6 10 675 45

500 fee t............................................................................... 6 9 - 25

1,150 feet............................................................................... 4 21 1,080 270

350 f e e t , ............................................................................ - 8 - 90

700 fee t............................................................................... 6 14 - 180

1,550 f e e t , ........................................................................... 6 21 180 520

1,000 feet, ........................................................................... - 22 - 270

600 f e e t , ........................................................................... 8 12 - 180

1,250 fee t............................................................................... 14 33 45 270

The total leakage from less than 2 miles of pipes was 3,490
gallons per hour, or at the rate ot 43,770 gallons per mile of pipe 
per day.
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If, as has been shown by numerous examples, from 50,000 to
100.000 gallons of water per day can run into the ground continu
ously for months from a single leak in a main or service pipe, and 
give no indication on the surface of the ground, it is reasonable to 
conclude that there are, on the 750,000 joints in the street mains 
and the 150,000 service pipes, many smaller leaks, which, being- 
smaller, are not easily discovered, but which in the aggregate waste 
a large quantity of water. Some water is wasted from street mains 
through carelessness in the manipulation of blow-off gates by de
partment employees, and by the extravagant use of water for flush
ing sewers. Several years ago a blow-off valve was carelessly left 
open in Boston, and water ran for several days into a sewer at the 
rate of 3,000,000 gallons per day. In flushing water pipes and 
sewers much larger quantities are often used than are necessary 
for accomplishing the results desired, but it is not thought that the 
aggregate amount wasted in this way is large.

The tests which have been made in the several municipalities of 
the Metropolitan District tend to show that the leakage from the 
street mains and services is very large, and that from 10,000 to
15.000 gallons per mile of street main escape each day into the 
ground or into some underground channel. If this estimate is 
correct, the total leakage from the mains and services is from
15,000,000 to 22,500,000 gallons per day, — equivalent to from 
16.5 to 25 gallons per inhabitant.

Waste from Pipes and Fixtures on Premises o f Water Takers.
Waste from pipes or fixtures on premises of water takers is due 

either to defective plumbing or to permitting the water to run from 
open fixtures, either negligently or wilfully. Where the amount 
paid for water is not dependent upon the quantity of water used, 
the average water taker pays little attention to the condition of the 
plumbing on his premises; and, so long as the leaking fixtures 
cause no damage to his property, they are seldom repaired unless 
discovered by inspectors of the Water Department. For this reason 
the amount of waste from defective fixtures in cities where meters 
are not used depends largely upon the thoroughness with which the 
house-to-house inspection is done by the local authorities.

The greatest source of negligent waste from defective fixtures is 
undoubtedly the ball cock which controls the flow of water into
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tanks supplying water-closets and other fixtures. The ball cock 
seldom remains tight more than a few months, and when defective 
allows a constant stream of water, often of considerable size, to flow 
unseen, though not always unheard, to the sewer. Although the ball 
cock is more liable than any other plumbing fixture to be the cause 
of waste, its inspection is more difficult than that of other fixtures, 
the tanks being generally placed in inaccessible places in buildings. 
Unless the inspection is very thoroughly performed, the greatest 
source of this kind of waste is therefore apt to be overlooked. 
Nevertheless, more tank fixtures are reported defective than any 
other class.

The following figures, taken from the annual reports of the Boston 
Water Department, show7 the results of inspections made during the 
past seven years : —

1897. 1898. 1899. 1900. 1901. 1902. 1903.

N um ber of fixtures in use, 697,640 617,721 644,468 653,189 689,973 698,803 -

Tank fixtures leaking, 959 7,110 10,539 6,035 4,624 6,160 10,888

Faucets leaking, . . . . 521 4,655 7,995 2,634 1,963 3,282 5,086

W ater-closets leaking, - 1,080 4,887 1,091 199 223 294

Pipes l e a k i n g , ...................................... 120 413 1,179 362 249 268 426

W ilfu l w a s t e , ...................................... 2 164 113 42 22 67 5

The differences between the number of leaks reported in different 
years are probably due to differences in the thoroughness of the 
inspection, rather than to the condition of the plumbing.

The results of inspections in several other cities and towns are 
given as follows : —

C ITY  OR T O W N .

T A rs , S in k s , Bo w l s , 
B a t h s  a n d  W ash  T r a y s .

W a t e r -closets and 
T a n k s .

N um ber in 
use.

Number
found

leaking.
Number in 

use.

Number
found

leaking.

C h e l s e a , .................................................................. 23,232 1,006 8,813 1,872

E v e r e t t , .................................................................. 22,680 548 6,368 1,138

R evere.......................................................................... 8,104 126 2,642 579

S o m e r v i l l e , ........................................................ - 757 - 1,404

W inthrop.................................................................... 6,803 69 2,296 101
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To a greater degree than in the case of the street mains does the 
leakage from water fixtures take place from a very large number of 
small openings which permit of a constant flow. Few people realize 
that sufficient water will flow, in twenty-four hours, through an 
orifice of no greater diameter than an ordinary lead pencil, under 
the average pressure which exists in the pipes throughout the Met
ropolitan District, to furnish an ample domestic supply for 360 per
sons ; and that in the same time more water will leak through an 
orifice the size of an ordinary pin than would be used by a fairly 
economical family of five persons. It is the continual running of 
thousands of little streams which causes the greater part of waste on 
the premises of the water takers.

Wilful Waste.
During the winter season large quantities of wTater are drawn 

from the pipes by water takers for the purpose of preventing the 
freezing of water in the house piping; and throughout the year fau
cets and water-closet fixtures are left or fastened open by water 
takers for the purpose of flushing water-closets and drain pipes, or 
in order that the water at the faucet may be constantly kept cool. 
The legitimate use of water is no larger during the winter season 
than during the months of November and April, but the actual use 
in the Metropolitan District is much larger during cold weather than 
dui'ing any other season of the year.

The average use for the months of November and April, compared 
with the use during intervening months for the past three years, 
was as follows : —

Y EA R .

Daily Average (Gallons). Difference wasted  
to prevent freezing  

of W ater in 
Pipes

(G allons per D ay).

D aily Num ber of 
Gallons per 

Capita wasted  
(Y early A verage).

N ovem ber and 
A pril.

D ecem ber, Janu
ary, February and 

March.

1900-01, . 90,322,000 104,878,000 14,556,000 5.74

1901-02, . 99,317,000 111,417,000 12,100,000 4.61

1902-03, . 104,950,000 121,589,000 16,639,000 6.16

In the cities where meters are in general use, waste of this char
acter does not occur to any great extent, as each property owner is 
pecuniarily interested so to arrange the plumbing in his buildings
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that it does not become necessary to allow water to run in order to 
prevent it from freezing.

In the district supplied by the Metropolitan Works the use of 
water during the winter months is much larger than at any other 
season of the year; while in the city of Newton, where meters are in 
general use, the minimum use occurs during the winter. This is 
illustrated by Diagram No. 3.

Diagram No. 3

Diagram showing percentage of variation from the daily average 
consumption of water for the several months of the year 1902 
in the Metropolitan District and in the City of Newton, Mass
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The effect of cold weather upon the use of water is illustrated 
very forcibly on Diagram No. 2, on which is shown the rate of
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consumption from the Metropolitan Works during each hour of the 
•week ending January 9, 1904. On Tuesday and Wednesday, which 
were the coldest days of the week, the consumption was about
60,000,000 gallons per day greater than during corresponding days 
in the month of August; and the lowest rate at which water was 
drawn from the pipes during the night was 150 gallons per capita, 
— an amount greater than the maximum rate of use during the cor
responding days in August.

The amount wasted during extremely cold weather, as well as the 
effect of meters in controlling waste, is very forcibly illustrated by 
diagrams Xos. 4, 5 and 6, which show graphically the use of water 
in Boston, Chelsea and Malden on January 5, 1904, compared with 
the use on a day in August, 1903. The cities of Malden and 
Chelsea have approximately the same population. Malden uses 
meters on 69 per cent, of its service pipes, Chelsea on 2 per cent. 
The per capita use in Malden on August 4 was 41 gallons, and in 
Chelsea 88 gallons. On January 5, 1904, when the average tem
perature for twenty-four hours was 2 degrees below zero, the per 
capita use in Malden increased to 57 gallons, and in Chelsea to 211 
gallons. In Malden the increase caused by cold weather was about 
16 gallons per capita, and in Chelsea 123 gallons. Between the 
hours of 2 and 4 A.\r. on January 5, water was drawn from the pipes 
in Chelsea at the rate of 192 gallons per day for each inhabitant of 
the city, and in Boston the rate during the same hours was 178 
gallons per capita.

The per capita waste caused by running water to prevent its freez
ing is largest in those districts where houses are of the cheaper class, 
but which are furnished with all modern conveniences for the use of 
water. The cold-weather waste during the week ending January 9, 
in Chelsea, Charlestown, East Boston and Somerville, was from 60 
to 100 gallons per capita; while in Medford, Melrose, Arlington 
and Quincy it ranged from 15 to 20 gallons.



, Dicta ram No. 4Diagram showing
Consumption of Water in the City of Boston 

during each hour of the day.

Aug. 4,1903 and Jan. 5,1904.

Population 599,000. Per cent o f services metered £.27
Average temperature Aug. 4, 6PF.; Jan. 5, -e ‘F.

240

Diagram No.S
Diagram showing

Consumption of Water in the City of Chelsea 

during each hour of the day.

Aug. 4,1903 and Jan.5,1904

Population 36, ooo. Per cent o f services metered 2. /2 
Average temperature Aug.4.6i'F.; Jan. 5, ~2°F.

240
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Diagram No. 7 shows the consumption of water in the city of 
Boston during a cold period in February, 1903.

Diagram No. 7

Diagram showing daily quantity of water used and 
wasted in Metropolitan Water District. Feb.. 14 to 28,1903.
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The daily average consumption of water previous to the cold 
weather was about 105,000,000 gallons per day. On February 18,
155,500,000 gallons were used, of which 50,500,000 gallons, equiva
lent to 57 gallons per capita of the entire population of the District,
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were wasted for the purpose of preventing the freezing of service 
pipes and plumbing.

It is the practice of some water takers to allow water to run con
tinuously from water-closets, for the purpose of cleansing house 
drains; others permit the water to run from the kitchen faucet, in 
order that the water may not become warm in the pipes, and some 
even use a constant stream of water, instead of ice, for the purpose 
of preserving food. Some water is wasted by each of these methods, 
but they are sources of waste which are not easily detected by house- 
to-house inspection, and no attempt has been made to determine the 
exact amount wasted from these causes.

P rev en tio n  o f  W a st e .
Much waste of water may be prevented by the inspection of house 

plumbing, and this method, aided by the use of Deacon meters, 
accomplished good results for several years in the city of Boston. 
The use of these meters and the work of inspection were begun in 
1883, and in 1884 the consumption had been reduced from 91.5 gal
lons to 68 gallons per capita. The inspection was continued about 
ten years, but with decreasing diligence ; and for ten years previous 
to 1903 little attention was given to the prevention of waste. In 
order to obtain facts as to the present condition of affairs, measure
ments of the consumption during the night have been made by the 
Boston Water Department during the past year in some of the 
residential districts of the city by the use of the Deacon meters; 
and where the measurements indicated a large waste of water, efforts 
have been made to locate and prevent the same. The measurements 
were made between the hours of 1 and 4 a .m ., when the legitimate 
use in residential districts is least.

The Deacon meters were first used in the Charlestown district in 
1881, and in Table No. 15 the results of measurements made at that 
time are given, also other measurements made in 1893, about the 
time active inspection was stopped, as well as those made during 
the present year.



42 WATER CONSUMPTION AND WASTE. [Mar,

T able N o . 15.

Population of D istrict. Night Rate or W aste (Gallons per  Capita per Day).

1881. 1893. 1903.
Before

Inspection,
1881.

A fter
Inspection,

1881.
1893. 1903.

3,675 4,700 4,725 39.0 13.7 24.8 52.8

2,170 2,925 2,975 33.1 13.2 23.8 52.2

1,875 2,325 2,425 44.6 15.1 21.2 63.3

2,030 3,125 3,250 43.2 20.2 40.0 88.0
1,880 1,800 1,800 42.2 22.3 26.7 70.6

1,790 2,150 2,400 53.3 17.8 27.9 53.0

2,540 3,300 3,450 31.9 19.2 26.2 55.7

15,960 20,325 21,025 41.8 17.0 27.3 61.5

There has been very little change in the character of the popula
tion or of the plumbing in these sections during the twenty-two 
years since the first tests were made. By thorough inspection the 
waste was reduced in 1881 from 41.8 to 17 gallons per capita. 
Between 1881 and 1893 the inspection was less thoroughly per
formed, and the waste increased to 27.3 gallons. Since 1895 very 
little attempt has been made to detect and prevent waste, with the 
result that the night rate has increased to 61.5 gallons per capita.

The increase in waste in other sections of the city of Boston dur
ing the past four years is shown in Table No. 16 : —

T able No. 16.

D IST R IC T . Section.
Population.

Rate of Use between 1 
and 4 a.m. (Gallons 

per Capita per Day).

1899. 1903. 1899. 1903. Increase.

R oxbury, W alnut A venue, Section 1, . 2,100 2,150 42.2 81.5 89.3

R oxbury, W alnut A venue, Section 2, . 2,200 2,200 31.7 73.1 41.4

R oxbury, W alnut A venue, Section 3, . 2,600 2,700 38.4 48.0 9.6

R oxbury, W alnut A venue, Section 4, . 1,400 1,500 58.3 116.8 58.5

R oxbury, Warren Street, N o. 1, Section 1, 2,150 2,150 88.8 84.8 - 4 .0

R oxbury, W arren Street, N o . 1, Section 2, 1,100 1,100 30.5 43.6 13.1

R oxbury, W arren Street, N o . 1, Section 3, 2,000 2,000 30.0 62.4 32.4

R oxbury, W arren Street, N o. 2, Section 1, 2,550 2,650 52.7 56.2 3.5

R oxbury, W arren Street, N o. 2, Section 2, 2,800 2,800 54.0 65.1 11.1
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Table N o . 16  —  Concluded.

D IS T R IC T . Section.

Population.
Rate of Use between 1 

AND 4 A.M. (Gallons 
per  Capita per  Day).

1899. 1903. 1899. 1903. increase.

Roxbury, W arren Street, N o. 2, 8ection 3, 1,650 1,400 31.3 82.3 51.0

Roxbury, Cedar Street, Section 1, 2,100 2,150 40.0 82.6 42.6

Roxbury, Cedar Street, Section 2, 2,250 2,400 37.8 79.0 41.2

Roxbury, Cedar Street, Section 3, 2,400 2,450 51.5 58.8 7.3

Roxbury, Cedar Street, Section 4, 2,500 2,250 32.6 66.1 33.5

Roxbury, Lamartine Street, Section 1, 2,700 2,700 41.8 106.7 64.9

W est R oxbury, Spring Park A venue, Section 1, . 3,950 4,175 27.9 50.0 22.1

W est R oxbury, Spring Park A venue, Section 2, . 1,800 1,900 60.0 53.0 - 7 . 0

W est R oxbury, Burroughs Street, Section 1, 1,200 1,450 55.0 72.7 17.7

W est R oxbury, Burroughs Street, Section 3, 650 750 59.0 54.4 — 4.6

City proper, . Bowdoin Street, Section 1, . 1,600 1,550 76.5 102.2 25.7

City proper, . Bow doin Street, Section 2, . 2,400 2,700 1 58.0 97.8 39.8

City proper, . Joy Street, Section 1, . 2,500 2,850 i 28.3 26.0 — 2.3

City proper, . J o y  Street, Section 2, . 2,000 5,000 58.8 69.6 1 10.8

South Boston, F ifth  Street, Sections 1 and 2, 5,600 5,700 41.7 61.0 19.3

54,200 1 58,675 - -

It is very evident, from an inspection ot the above tables, that at 
the present time a very large quantity ot water is being wasted, and 
that any system of house-to-house inspection must be continuous in 
order to be effective. House-to-house inspection is open to the 
objection that the constant visits of inspectors are annoying to the 
householders.

While these investigations were in progress, several large leaks 
were located from the street mains and services ; and house-to-house 
inspection on streets where much waste was noted disclosed in some 
cases that the house plumbing was in very poor condition. On one 
street, where the night rate was 5,200 gallons per hour, the inspec
tion disclosed ball cocks wide open, and every faucet in three houses 
running large streams, the washers being entirely gone. On another 
street, in fifteen out of sixteen houses examined, the ball cocks were 
defective, and wasting large streams of water.

In addition to the large leaks which were located in the street 
mains and service pipes, there are no doubt many smaller leaks still 
undiscovered ; but the inspection proved that the house plumbing is
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very defective, and the greater part of the present enormous waste 
in Boston is probably due to waste on the premises of the water 
takers.

Effect o f  using Meters.
The most certain means o f  detecting waste, and the most effectual 

means of preventing the extravagant use and waste o f water, is that 
o f  measuring the water supplied to each municipality, district or 
individual ivater taker, and obliging each municipality and individual 
to p a y  fo r  ivater in proportion to the quantity used. Where meters 
are in use, each water taker finds it to be for his interest to see that 
the plumbing fixtures which he uses are of the best quality, and that 
they are kept in repair; that the pipes in his buildings are so located 
that they will not freeze during cold weather; and that his family 
or employes are not wasteful in the use of water. The introduction 
of meters upon all old works has always been followed by a reduc
tion in the quantity of water used; and in cities and towns where 
they have been introduced when the works were built, the per capita 
consumption is • universally very low. The effect of the use of 
meters is well illustrated by a comparison between the per capita 
consumption of water in cities and towns where meters are in gen
eral use with that in those where water is paid for at schedule rates. 
Differences in climate, in character of business and in location, as 
affecting the available supply of water, often have a marked elfect 
upon the consumption in different cities ; but in the following table 
an attempt has been made to eliminate these differences, as far as 
possible.

T able N o. 17.

City

or T o w n .

Num ber
of

Consum
ers.

PerC ent.
of

Services
metered.

C onsum p
tion

(Gallons 
per Day  
per Con
sum er).

City

or T o w n .

Number
of

Consum
ers.

PerCent.
of

Services
metered.

Consump
tion

(Gallons 
per Day 
per Con
sumer).

M ilw aukee, W is., 
Providence, R . I ., 
W orcester, .
Fall River, . 
L ow ell,
Law rence, . 
Brockton,
N ew ton,
W oonsocket, R. I ., 
W are, . 
W elles ley , . 
R eading,

308.000 
198,400 
119,330 
107,650
100.000 
65,000 
37,800 
35,400 
34,474

7,690
5,147
4,385

80.0
84.5
94.5
96.0
65.0
83.0
90.0
86.0 
96.0

100.0
100.0
100.0

81.0
58.0
68.0
41.0
57.0
53.0
36.0
54.0
29.0
44.0
49.0
33.0

Buffalo, N . Y ., . 
Indianapolis,Iud., 
N ew  Haven, Ct., 
N ew  Bedford, . 
Cambridge, 
Haverhill, . 
Lynn, .
W altham , . 
Salem,
M ontague, . 
Dedham , . 
Braintree, .

360.000 
169,100
108.000 

61,000 
94,150 
37,200 
74,000 
24,550 
36,250
6,150
7,500
5,980

2.0
6.0
2.6

18.0
15.0
10.0 
25.0

6.0
3.0
2.0  
2.0 
1.0

324.0
79.0

150.0
104.0
85.0
95.0
63.0
99.0
79.0
73.0
83.0
91.0

1,023,276 " 61.7 ! 983,880

'

178.5
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In the first four columns are given the statistics for twelve cities 
and towns where meters are in general use, and in the following 
columns corresponding data for an equal number of cities and towns 
of approximately equal size where few meters are used, but where 
the conditions as regards location and trade are generally similar. 
The average per capita consumption where meters are used is but 
little more than one-third of that in the unmetered cities.

The effect of the use of meters upon the consumption of water is 
very graphically illustrated by Diagram Xo. 8, which shows the daily 
number of gallons used per tap in the city of Milwaukee, and the 
percentage of unmetered taps for each of the past twenty-two years.

Diagram No. 8

It will be noticed that there has been a gradual reduction in the 
quantity of water used with the increase in the use of meters. 
In 1880, with no meters in use, 1,750 gallons were drawn from



46 WATER CONSUMPTION AND WASTE. [Mar.

each ta p ; in 1890, with about one-third of the taps metered, the 
quantity drawn from each was only 1,250 gallons; and in 1902, 
with 72 per cent, metered, the quantity used per tap was only 550 
gallons.

During the past two years the Water Department in the city of 
Cleveland has been engaged in placing meters upon service pipes. 
At the end of the year 1902, 11,099 meters were in use on 56,816 
services; and the daily average consumption for the year was 
69,964,740 gallons. At the close of the year 1903 the number of 
meters had been increased to 25,193; and the daily average con
sumption for the year was 62,012,000 gallons. As a result of this 
work, the daily average consumption for the year 1903 was about
8,000,000 gallons per day less than in 1902, and the greater part of 
this reduction was no doubt due to the meters set during the 
previous year.

Effect o f  Meters upon the Poor.
The fear has been sometimes expressed, by those who have not 

given the subject careful study, that the use of water meters will 
have the effect of reducing the use of water by the poorer class of 
takers below an amount necessary for health. The experience in 
the cities and towns using meters does not indicate that there need 
be any fear of such a result. It is the usual custom, where meters 
are used, to make a uniform minimum charge of from $10 to $12 to 
each water taker, for which sum the taker is entitled to use the 
quantity for which an equal charge would be made at meter rates. 
The yearly schedule rate paid by water takers in the different munic
ipalities of the Metropolitan District for the use of one faucet and 
a water-closet is generally from $9 to $11, and the rate for a single 
faucet is $5. For $10 per annum per taker, every person in a 
family of average size, if supplied by meter at the rate of 14 cents 
per 100 cubic feet, which is the rate generally in force throughout 
the District, will have the privilege of using 30 gallons, or twelve 
pailfuls of water per day, which experience shows to be ample for 
domestic use. In many municipalities where water used for domes
tic purposes is metered, exception is made in cases where premises 
are supplied through a single faucet, and the schedule rate remains 
in force. There appears to be no reason, however, why a minimum 
rate of $5 per year should not be made for premises of this kind 
supplied by meter. Experience shows that the majority of the water
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takers using water for domestic purposes use less than the quantity 
to which they are entitled by the minimum charge.

In the city of Malden the minimum yearly charge is $12, for 
which sum each water taker is entitled to use 47,470 gallons, 
equivalent to 130 gallons per day, or 26 gallons per day for each 
member of a family of average size. In the year 1901 the total 
number of meters on domestic services was 3,490, and the daily 
average number of gallons used by each service was 112.8. The 
number using less than the minimum quantity was as follows : —

C ubic  F e e t  p e r  
Y e a r .

Num ber
of

Services.

Gallons per 
Day

per Service.
C u b ic  F e e t  p e r  

Y e a r .

Number
of

Services.

G allons per 
Day

per Service.

Lees than 500, 28 * 6.4 Betw een 3,000 and 4,000, . 566 72.0

Between 500 and 1,000, . 52 * 16.1 Betw een 4,000 and 5,000, . 560 92.0

Between 1,000 and 2,000, . '259 * 33.9 Betw een 5,000 and 6,300, . 621 114.0

Between 2,000 and 3,000, . 441 52.5

1 £5i

77.4

* Many of these w ere metered for but a portion of the year.

In the city of Providence the minimum charge is $10 per annum, 
for which each taker or service is entitled to use 91.32 gallons per 
day. In 1888 an analysis was made to show the number of takers 
using less than the quantity permitted by the minimum rate, with 
the following result: —

C ubic  F e e t  P e r  
Y e a r .

N um ber
of

Services.

G allons per 
Day

per Service.
C ubic  F e e t  p e r  

Y e a r .

Number
of

Services.

G allons per 
Day

per Service.

Less than 1,500, . 107 30.74 Betw een 3,000 and 3,500, . 440 71.73

Between 1,500 and 2,000, . 237 40.99 Betw een 3,500 and 4,000, . 462 81.98

Between 2,000 and 2,500, . 361 51.23 Betw een 4,000 and 4,457, . 435 91.32

Between 2,500 and 3,000, . 445 61.48 2,553 60.70

The total number of meter accounts at this time, including those 
for trade, manufacturing and mechanical use, was 7,074, of which 
5,110, or 72 per cent., paid less than $20 per year.

Use o f Meters on Street M ains.
As has been already stated on previous pages, there is a large 

leakage from the pipes in the streets, and this cannot be detected ex-
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cept in the aggregate, and cannot be prevented by measuring the water 
supplied to each taker. Underground leaks in the streets can be 
best located by placing meters on the street mains, in such a manner 
that districts containing from 2,000 to 5,000 persons can be isolated 
from the remainder of the pipe system. The type of meter used for 
buildings is not well adapted to this service, but either the Yenturi 
meter previously described, or the Deacon waste-water meter, which 
has been used in Boston for detecting waste, can be used to good 
advantage. Both of these meters record the rate at which water is 
drawn through them, and by closing valves on the pipes, the leaks, 
both in mains and service pipes, can be located within narrow limits. 
The Deacon meter gives a continuous record of the rate of flow; the 
Yenturi meter records the rate of flow at intervals of ten minutes.

Samples of the records made by both of these types of meters 
are shown on the following pages.

The Venturi meter records, shown on Diagram No. 9, are full 
size facsimiles of original records, showing the increased draft caused 
by leaks in street mains. On Diagram No. 10 is shown, on a slightly 
reduced scale, the facsimile of a record made by a Deacon meter in 
July, 1881, before any attempt had been made to prevent waste, 
together with records made at later dates. It will be noticed that 
the record of November, 1881, shows a line approximately parallel 
with the record made in the preceding July, indicating that the re
duction due to stopping waste was continuous throughout the twenty- 
four hours. It is also noticeable that the draft during the day was 
but very little larger in November, 1903, than it was in July, 1881, 
twenty-two years before, while the night rate or waste in 1903 was 
the largest recorded.

By the most thorough inspection it is not practicable to prevent all 
underground waste of water, and the best results can only be ob
tained by a force of well-trained, conscientious employes. This 
condition of affairs is more or less difficult of attainment, but it is 
perfectly feasible to reduce the underground waste to from 10 to 15 
gallons per capita, and the total waste, including that in buildings, 
to from 15 to 20 gallons.

M eth o d  o f  A ssessm ent .

By the present method of apportioning the amount required to 
pay the interest, sinking fund requirements, and expenses of mainte-
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12A.M.1 10 11 12RM.1 8  9 10 11 12

20 INCH VENTURI METER 6*4 INCH THROAT 
METROPOLITAN WATER AND SEWERAGE BOARD.

5 000 000 NL S Sfa 24 (Medford) High St and Governor's Ave

20 INCH VENTURI METER. 6M INCH THROAT 
METROPOLITAN WATER AND SEWERAGE BOARD.

4 500 000

BUILDERS IRON FOUN0RY BUILDERS IRON FOUNDRY

PROVIDENC R. I PROVIDENCE, R I.

3 000 000 GALLONS PER DAY
Sept. to. Break m  
Local System 3 000 000 GALLONS PER DAY

2 000 OOP

12 A M. 1 6  7  8  9  10  11 12RM1 10 11 12





Diagram  showing Hourly Rate of Consumption in a Portion (Section, W inthrop2) o f Charlestown D istrict, City of Boston.
Summary o f Tests

Date Population Rate, Gallons per Hour Gallons per capita per day RemarksAveraaefor24hrs. Niaht Ratefwasth) Averaae for 24hrs. Niaht Rate (vaste)
July 188/ J880... 5350______ ' .3300 . . ' .68.4.. .. ..42.2______ Before inspection
Nov /88/ 1880. _____  3750.. 1740. . ...47.8. .22.3 . After two dr three inspections
May, 1893.. 
Nov. 1903..

/800 . . 4/00______ ._ 2200 . .54.7 29.3 . Inspection continued until July 1895.. 
. No inspection for 8 years....1825 ._____  6400. .. ...5200 84.0. . . 68.4______

Diagram No. /O

Noon /PM 2 PM. 3PM. 4PM. 5PM. 6PM. 7PM. 8PM. 9PM. !OPM. //PM. Midnight /A.M. 2A.M. 3A.M. 4A.M. 5 A.M 6A.M. 7A.M. 6A.M. 9A.M /OAM MAM Noon 
9000r -----------------------------

Note,:- The diagram for July 1881 is a 
facsim ile of the Deacon Meter 
Record, for the other dates the 
tine shown is an average.

0



'
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nance and operation for the Metropolitan Water District, the city 
of Boston pays in the proportion that its valuation bears to the total 
valuation of the whole water district; and the remaining cities and 
towns pay the remainder of the required amount, one-third in pro
portion to their respective valuations and two-thirds in proportion 
to their respective populations, including, however, only one-sixth 
of the total valuation and one-sixth of the total population of any 
city and town which has not reached the safe capacity of its sources 
of supply, and has not made application for a supply of water. By 
this method of assessment the proportion paid by the several munici
palities is not affected by the quantity used, and, although each 
municipality should be interested to keep the cost of constructing 
and maintaining works as small as possible, the inducement to pre
vent waste of water is general rather than special, especially in the 
smaller cities and towns. Under the present system, those cities 
and towns where the quantity of water used is kept within reason
able limits, either by the use of meters or by inspection, pay a higher 
rate for the water used than those where meters are not in use, and 
little or no attempt is made to prevent waste. This is shown by the 
following table (No. 18), giving the cost to each municipality of the 
water used during the year 1903. The quantity used has been deter
mined from actual measurement during the last six months of the 
year, and estimated for the remaining time.

T a b l e  N o. 18.

C it y  o r  T o w n .
Am ount 

of A ssessm ent 
for 1903.

Estimated  
Quantity used 

(Million G allons).

Cost
per Million 

Gallons.

B o s t o n , .................................................................. $1,510,857 46 29,382.50 $51 42
Som erville,.................................................................. 77,288 43 2,120.65
M a l d e n , ................................................................. 41,635 31 646.05 64 45
C h e l s e a , .................................................................. 39,877 54 1,277.50 31 21
E v e r e t t , .................................................................. 29,794 15 857.75 34 73
Q u i n c y , .................................................................. 80,237 42 912.50 33 14
M e d f o r d , ................................................................. 24,654 86 602.25 40 05
M e l r o s e , .................................................................. 17,815 34 511.00
R e v e r e , .................................................................. 13,771 64 299.30 46 01
Watertown, . . . . . . . 13,440 83 182.50 73 65
A rlin g to n ,.................................................................. 11,549 55 244.55 47 23
M i l t o n , .................................................................. 14,813 20 120.45 122 79
W in th rop ,.................................................................. 8,653 44 244.55 35 38
S ton eh am ,.................................................................. 7,523 04 164.25 45 80
Belmont, . . . . . . . . 5,701 23 80.30 71 00
L exington ,.................................................................. 5,733 77 87.60 64 47
Nahant........................................................................... 3,211 08 51.10 62 84

$1,856,558 29 37,784.80 $49 14
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In order to show the effect of using the quantity of water con
sumed as a factor in determining the amount to be paid by the 
several municipalities, the following statements have been prepared, 
showing the results under different conditions. The assessments 
of Newton and Hyde Park have been based upon one-sixth of the 
quantity of water consumed in 1903.

T able N o . 19.

I f  each city and town had been assessed for the year 1903 in proportion 
to the quantity of water used, the amounts paid would have been as fol
lows: —

C IT Y  OR T O W N .

Amount
of

A ssessm ent, 
on Basis 

above given.

Difference, compared with 
Actual Assessment.

]
Less. More.

B o s t o n , ............................................................................ $1,445,761 76 $65,095 70 -

Som erville............................................................................ 104,340 45 - $27,052 02

N e w t o n , ............................................................................ 6,315 74 2,937 13 -

M a l d e n , ................................................................. 31,784 22 9,851 09 -

C h e l s e a , ............................................................................ 62,858 40 - 22,980 86

E v e r e t t , ............................................................................ 42,210 80 - 12,416 65

Q u i n c y , ............................................................................ 44,901 52 - 14,664 10

M e d fo r d ,............................................................................ 29,635 38 - 4,980 52

Hyde P a r k , .................................................................. 3,045 76 - 295 84

M elrose...................................................................... 25,150 83 - 7,335 ‘49

R e v e r e , ................................................................. 14,724 26 - 952 62

W a t e r t o w n , .................................................................. 8,987 78 4,453 05 -

A r l i n g t o n , ......................................................... 12,033 53 - 483 98

M ilton........................................................................ 5,923 34 8,889 86 -

W i n t h r o p , ......................................................... 12,033 53 - 3,380 09

S t o n e h a m , ......................................................... 8,072 18 - 549 14

B e lm o n t , ................................................................. 3,942 66 1,758 57 -

L e x i n g t o n , .................................................................. 4,316 38 1,417 39 -

N a h a n t , ................................................................. 2,522 56 688 52 -
$1,868,561 08 $95,091 31 $95,091 31



1904.] HOUSE — No. 1100 51

T a b l e  N o. 20.
I f  the city o f Boston had been assessed in proportion to its valuation, 

and the remainder o f the amount divided among the remaining municipali
ties in proportion to the quantity o f  water used by each, the results would 
have been as folloivs: —

Boston,

Somerville,

Newton, .

Malden,

Chelsea, .

Everett,

Quincy,

Medford, .

Hyde Park,

Melrose, .

Revere,

Watertown,

Arlington,

Milton,

Winthrop,

Stoneham,

Belmont, .

Lexington,

Nahant,

C ITY  OR T O W N .

Am ount
of

A ssessm ent, 
on Basis 

above given.

$1,510,857 46 

88,281 25 

5,340 52 

26,895 73 

53,179 80 

35,705 97

37,988 12 

25,071 45

D if f e r e n c e , c o m pa r e d  w it h  
A ctual  A s s e s s m e n t .

L ess. ! More.

$3,912 35 

14,739 58

$10,992 82

13,302 26 

5,911 82 

7,750 70 

416 59
2,582 62 167 30 -

21,272 63 - 3,457 29
12,458 82 1,312 82 -

7,597 63 5,843 20 -

10,180 24 1,369 31 -

5,015 00 9,798 20 -

10,180 25 - 1,526 81
6,835 72 687 32 -

3,340 95 2,360 28 -

3,648 58 2,085 19 -

2,128 34 1,082 74 -
$1,868,561 08 $43,358 29 $43,358 29
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T able N o. 21.
I f  the city o f  Boston had been assessed in proportion to its valuation, 

and the remainder o f the amount divided among the remaining municipali
ties, one-third in proportion to valuation and two-thirds in proportion to 
the quantity o f  water used, the residts would have been as follow s: —

C ITY  OR T O W N .

Amount
of

A ssessm ent, 
on Basis 

above given.

Difference, compared with 
Actual A ssessment.

Lees. More.

B o s t o n , ........................................................................... $1,510,857 46 - -

S o m e r v i l l e , ..................................................................... 82,311 18 - $5,022 75

N e w t o n , ........................................................................... I 7,923 14 $1,329 73 -

M a l d e n , ........................................................................... 30,168 72 11,466 59 -

C h e l s e a , ........................................................................... 45,575 02 - 5,697 48

E v e r e t t , ........................................................................... 32,347 14 - 2,552 99

Q u i n c y , ........................................................................... 34,693 67 ' 4,456 25

Medford............................................................................... 25,436 30 - 781 44

H yde P a r k , .................................................................. 2,543 27 206 65 -

M e l r o s e , ........................................................................... 20,678 85 - 2,863 51

R e v e r e , ........................................................................... 12,998 95 772 69 -

W a t e r t o w n , .................................................................. 10,030 01 3,410 82

A r l i n g t o n , .................................................................. 10,824 11 725 44 -

M i l t o n , ........................................................................... 12,412 32 2,400 88

W i n t h r o p , .................................................................. 10,151 63 1,498 19

S t o n e h a m , .................................................................. 6,667 60 855 44 “

B e lm o n t , ........................................................................... 4,496 33 1,204 90 -

L e x i n g t o n , .................................................................. 4,821 84 911 93 **

412 46
N a h a n t , ........................................................................... _ _ _

$1,868,561 08 $23,285 07 $23,285 07
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T able N o. 22.
I f  the assessment fo r  1903 had been divided among all the municipali

ties, including Boston, one-third in proportion to valuation and two-thirds 
in proportion to quantity used, the results would have been as fo llow s: —

C ITY  OR TO W N .

A m ount
of

A ssessm ent,

D if f e r e n c e , c o m pa r e d  w it h  
A ctual A s s e s s m e n t .

on Basis  
above given. Less. More.

B o s t o n , ........................................................................... $1,467,474 44 $43,383 02 -

S o m e r v i l l e , .................................................................. 93,016 97 - $15,728 54

N e w t o n , ........................................................................... 8,576 70 676 17 -

Malden................................................................................. 33,428 56 8,206 75 -

C h e ls e a , ........................................................................... 52,020 74 - 12,143 20

E v e r e t t , ........................................................................... 36,679 85 - 6,885 70

Q u i n c y , ........................................................................... 39,295 84 - 9,058 42

M edford ,........................................................................... 28,476 87 - 3,822 01

Hyde P a r k , .................................................................. 2,858 90 - 108 98

M e lr o s e ,........................................................................... 23,263 58 - 5,448 24

R e v e r e , ........................................................................... 14,518 72 - 747 08

W a t e r t o w n , .................................................................. 10,949 77 2,491 06 -

A r l i n g t o n , .................................................................. 12,052 22 - 502 67

M i l t o n , ........................................................................... 13,023 87 1,789 33 -

W i n t h r o p , .................................................................. 11,379 54 - 2,726 10

S t o n e h a m , .................................................................. 7,492 93 30 11 -

B elm o n t,........................................................................... 4,895 63 805 60 -

L e x i n g t o n , .................................................................. 5,269 34 464 43 -

N a h a n t , ........................................................................... 3,886 61 - 675 53

$1,868,561 08 $57,846 47 $57,846 47
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T able N o. 23.
I f  the assessment fo r  1903 had been divided among all the cities and 

towns, one-half in  proportion to valuation and one-half in proportion to 
quantity used, the results would have been as follows : —

C IT Y  OR T O W N .

Am ount
of

A ssessm ent, 
on Basis 

above given.

Difference , compared with 
Actual Assessment.

Less. More.

B o s t o n , ................................................................ $1,478,312 10 $32,545 36 -

S o m e r v i l l e , .................................................................. 87,355 23 $10,066 80

N e w t o n , ........................................................................... 9,716 52 463 65

M a l d e n , ........................................................................... 34,250 73 7,384 58 -

C h e l s e a , ........................................................................... 46,601 91 - 6,724 37

E v e r e t t , ........................................................................... 33,914 38 . - 4,120 23

Q u i n c y , ........................................................................... 36,511 68 - 6,274 26

M e d fo r d ,........................................................................... 27,897 62 ' - 3,242 76

H yde P a r k , .................................................................. 2,746 78 3 14 -

M e l r o s e , ................................................................ 22,329 31 - 4,513 97

R e v e r e , ................................................................ 14,406 61 - 634 97

W a t e r t o w n , ........................................................ 11,940 10 1,500 73 -

A r l i n g t o n , ........................................................ 12,070 91 - 521 36

M i l t o n , ................................................................ 16,555 45 - 1,742 25

W i n t h r o p , ........................................................ 11,061 88 - 2,408 44

S t o n e h a m , ........................................................ 7,212 65 310 39 "

B e l m o n t , ................................................................ 5,362 77 338 46 -

L e x i n g t o n , ........................................................ 5,736 48 - 2 71

4,577 97 1,366 89

$1,868,561 08
1

$42,082 66 $42,082 66
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T able N o. 24.

I f  the assessment fo r  1903 liacl been divided as follow s: Boston, two- 
thirds in proportion to valuation, one-third in proportion to water used; 
and other municipalities, one-third in proportion to valuation, two-thirds 
in proportion to quantity used, the results ivould have been as follows : —

C ITY  OR TO W N .

Am ount
of

A ssessm ent,

D ifference , compared with 
Actual Assessment.

on Basis 
above given. Less. More.

B o s t o n , ........................................................................... $1,489,162 83 $21,694 63 -

S o m e r v i l l e , ................................................................. 87,303 33 - $10,014 90
Newtou................................................................................ 8,403 67 849 20 -

C h e ls e a , ........................................................................... 48,339 13 - 8,461 59

M a ld e n , ........................................................................... 31,998 45 9,636 86 -

E v e r e t t , ........................................................................... 34,308 98 - 4,514 83

Q u in c y , ........................................................................... 36,797 84 - 6,560 42

M ed ford ,.......................................................................... 26,979 01 - 2,324 15

Hyde P a r k , ................................................................. 2,697 52 52 40 -

M e lr o s e ,..................................... ......... 21,933 01 - 4,117 67

R e v e r e , ........................................................................... 13,787 33 - 15 69

W a t e r t o w n , ................................................................. 10,638 33 2,802 60 -

A r l i n g t o n , .................................................................. 11,480 59 68 96 -

M i l t o n , ........................................................................... 13,165 12 1,648 08 -

W i n t h r o p , .................................................................. 10,767 32 - 2,113 88
S t o n e h a m , .................................................................. 7,071 98 451 06 -

Belmont............................................................................... 4,769 04 932 19 -

Lexington............................................................................ 5,114 29 619 48 -

N a h a n t , ........................................................................... 3,843 31 - 632 23

$1,868,561 08 $38,755 36 $38,755 36

By the provisions of the Act constituting the Metropolitan Water 
District, the city of Boston was paid for all of its supply works, 
while those of the other cities and towns were not taken, with the 
exception of Spot Pond and pumping stations on its shores, which 
were the property of the cities of Malden, Medford and Melrose. 
The works of the cities of Quincy and Newton and of the towns of 
Arlington, Revere, Watertown, Lexington and Hyde Park, also 
portions of the works supplying water to Malden, Melrose and Med
ford, were not taken, and are now of little value, excepting those of 
Newton and Hyde Park, which still furnish those municipalities.
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These facts were considered in fixing the proportion of the cost to be 
paid by Boston and the other municipalities, and the part to he paid 
by the city of Boston was based upon its valuation in proportion to 
the valuation of the whole District. The proportion of the valuation 
of the city of Boston to that of the whole District is larger than the 
corresponding percentage of its population or of the quantity of 
water used; for this reason, any change in the present method of 
assessment of the whole district, by substituting the quantity 
of water used for population, will decrease the assessment of the 
city of Boston.

For the year 1903 the percentages of valuation, population and 
water used in the several municipalities were as follows: —

T a b l e  N o. 25. —  Showing the, Proportion o f Valuation , Population and 
Quantity o f Water used fo r  the Year 1903; also, the Proportion of 
Metropolitan Water Assessment paid by the Several Cities and Toions.

City or Town.
Percentage

of
Valuation.

Percentage
of

Estimated
Population.

Percentage
of

W ater used.

Percentage
paid

on Present 
Basis of 

Estimate.

B o s t o n , .................................................................. 66.284 77.373 80.857

S o m e r v i l l e , ........................................................ 3.767 7.505 5.584 4.136

N e w t o n ,* .................................................................. .701 .700 .338 .495

4.098 1.701 2.228

C h e l s e a , .................................................................. 3.980 3.364 2.134

E v e r e t t , .................................................................. 3.313 2.259 1.595

Q uincy.......................................................................... 2.977 2.403 1.618

M e d f o r d , .................................................................. 2.303 1.586 1.320

I lyd e  P a r k , * ......................................................... .263 .163 .147

M e l r o s e , .................................................................. 1.542 1.346 .953

R evere........................................................................... 1.436 .788 .737

W a t e r t o w n , ......................................................... 1.201 .481 .719

A r lin g to n ,.................................................................. .648 1.079 .644 .618

M i l t o n , .................................................................. .820 .317 .793

W in th r o p ,.................................................................. .815 .644 .463

S to n e h a m ,.................................................................. .706 .432 .403

B e l m o n t , ................................................................... .533 .211 .305

L ex in g to n ,.................................................................. .383 .398 .231 .307

N a h a n t , .................................................................. .354 .247 .135 .172

100.000 100.000 100.000 100.000

* Percentages for N ew ton and H yde Park are based upon one-sixth of the valuation, population and
water used.
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In view of the conditions under which the present method of ap
portioning the assessment was established, it does not appear to be 
equitable to so radically modify the same as to eliminate entirely 
the factor of valuation. On the other hand, it is very desirable that 
the assessment shall be divided in such a manner that each city and 
town shall feel a pecuniary interest in preventing the waste of water. 
The city of Malden, and the towns of Belmont, Milton and Water- 
town, have, by the general use of meters, prevented to a great extent 
the waste of»water within their limits; while in most of the other 
cities and towns in the District very little attention is given to any 
means of preventing unnecessary use and waste. From a business 
point of view, it seems proper that those municipalities which adopt 
measures to prevent waste of water, and thus reduce the expense of 
constructing and maintaining the Metropolitan Water Works, should 
receive a direct benefit, and that they should not be obliged to pay 
for the negligence of others. This can to some extent be accom
plished by using both valuation and quantity of water as factors in 
determining the proportion to be paid; and if each of these factors 
is given equal value, the results will, as a whole, be an improvement 
upon the present method.

R e a s o n s  f o r  c h e c k i n g  W a s t e .

The quantity of water that will be required in the future to supply 
cities and towns now furnished with water from the Metropolitan 
Works is estimated as follows, the figures in the second and third 
columns being the quantities that will be needed if waste is not 
checked, and those in the fourth and fifth columns those required if 
water is sold to all consumers by measurement, and waste of water 
prevented as far as practicable, assuming, in both cases, an increas
ing consumption per capita.

Y E A R .

W a s t e  no t  c h e c k e d . W a s t e  p r e v e n t e d .

G allons per 
Capita.

Million 
G allons per 

D ay.
G allons per 

Capita.
Million 

G allons per 
D ay.

1910............................................................................... 134 152 80 90

1915, . ........................................................ 144 181 85 107

1920............................................................................... 154 219 90 128

1 9 2 5 .............................................................: 164 262 95 150

1930, ........................................................................... 174 310 100 175
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The estimated safe capacity of the Cochituate, Sudbury and 
Nashua River works is 173,000,000 gallons per day ; and, if present 
conditions are allowed to continue, additional sources of supply will 
be required by 1913, the construction of which will require several 
years, so that within five years from the time when the Nashua 
River works now being built will be finished the construction of 
new works will be called for.

The sources which were suggested in 1895 by the State Board of 
Health, in its report on additional water supply, as#available for 
supplementing the supply from the Nashua River, are as follows : —

A ssabet River,

Estimated Total Available 
A vailable Yield from all Sources 

j (Million Gal- (Million Gal- 
I Ions per D ay). Ions per Day).

28 201

Upper W are River, 71 272

Low er W are and S w ift rivers, 200 472

The addition of the Assabet River will be followed almost imme
diately by works from the Upper Ware River, and within eighteen 
years the construction of works from the Swift River will become 
necessary. In order to distribute the increasing quantity of water 
to the several municipalities, no less than ten lines of large pipes 
will be required, leading from the terminus of the Weston Aqueduct, 
and additional main pipes will also be required in different portions 
of the District. Additional pumping machinery will also be needed.

It is estimated that the cost of the new works required within the 
next twenty-five years to supply the probable demand for water, if 
waste is unchecked, will be at least $32,000,000, assuming that the 
District remains constituted as at present. If other cities and towns 
are added, as is probable, the time when the additional works will be 
needed will be shortened.

Not only is the cost of constructing and maintaining the works 
necessary for supplying water to the Metropolitan District increased 
by the waste of water, but the cost of the works required to dispose 
of the water after it has been delivered to the water takers is also 
increased. The greater part of the water that is wasted runs into 
the sewers, and is pumped one or more times before being dis
charged into the ocean. The North Metropolitan Sewerage Works,
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when built, about ten years ago, were expected to have a capacity 
sufficient to meet the demands of the District until 1930 ; but it has 
already been found necessary to duplicate some portions of the 
system, and within a comparatively few years the entire system 
must be duplicated, if the quantity of sewage to be provided for 
continues to increase at the present rate. The city of Boston has 
been obliged to construct new reservoirs and pumping machinery, 
and new and extensive works are now being constructed to relieve 
the Boston system of a portion of the sewage now cared for. The 
total cost of the Metropolitan and Boston main drainage systems 
has been about $19,000,000 ; and larger sewers and additional pump
ing machinery will be required, and increased cost of maintenance will 
result, if waste of water is allowed to continue to increase. All the 
available sources of water supply east of the Connecticut River will 
be required during the next twenty-five years, and an immense sum 
of money must be expended for the construction of works to bring 
to the District water which will serve no useful purpose, but will, on 
the other hand, cause inconvenience and expense to the Metropolitan 
District, through making necessary additional water mains and 
sewerage works.

In conclusion, I desire to express my appreciation of the assist
ance furnished, during the progress of the investigations and the 
preparation of this report, by the officials in charge of the water 
departments in the several municipalities of the District.

Table No. 26, appended to this report, gives the daily average 
number of gallons of water used during each week from June 28, 
1903, to January 2,'1904, in the several cities and towns supplied 
from the Metropolitan Water W orks; and Table No. 27 contains 
statistics relative to the consumption of water, number of services 
and meters in use, revenue from sale of water, etc., in twenty-one 
of the large cities of the United States.

Respectfully submitted,

DEXTER BRACKETT,
Engineer, Distribution Department.
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Table N o . 2 6 .— D aily Average Number o f  Gallons o f  Water used in the Several Cities and Towns supplied from  
the Metropolitan Water Works during Each Week from  June 28, 1903, to January 2, 1904, as measured by 
Venturi Meters.

W eek  e n d in g  — Boston. Som erville. Malden. Chelsea. Everett. Quincy. Medford. Melrose. R evere. •

Ju ly  4.................................................................. 76,482,700 6,088,800 1,853,100 3,326,900 2,206,700 2,612,200 1,592,400 1,396,400 782,100
Ju ly  11.................................................................. 79,510,700 6,478,300 1,912,400 3,507,500 2,212,200 2,964,800 1,810,900 1,525,700 915,000
Ju ly  1 8 , ......................................................... 77,770,900 6,208,400 2,002,000 3,394,700 2,290,000 2,992,900 1,946,100 1,570,100 929,100
Ju ly  2 5 , ......................................................... 73,421,300 5,371,400 1,731,100 3,155,700 1,986,900 2,274,100 1,574,000 1,378,900 802,000
A ugust 1 , ......................................................... 75,708,300 5,588,000 1,910,900 3,252,700 2,168,700 2,454,400 1,467,100 1,440,100 878,700
A ugu st 8 , ......................................................... 73,795,200 5,143,100 1,613,700 3,226.700 2,113,500 2,256,100 1,535,000 1,400,300 819,400
A ugust 1 5 , ........................................................ 75,639,200 5,548,000 1,735,000 3,173,000 2,115,100 2,437,100 1,485,000 1,413,400 853,600
A ugust 22............................................................. 76,778,300 5,458,500 1,829,500 3,192,000 2,235,300 2,471,400 1,624,500 1,433,100 889,400
A ugust 2 9 , ......................................................... 75,117,800 5,284,400 1,868,000 3.213,100 2,283,700 2,434,900 1,667,100 1.386,100 891,600
September 5 , ............................................... 74,989,000 5,224,700 1,737,100 3,093,700 2,216,600 2,328,700 1,554,700 1,319,000 792,600
September 1 2 , ............................................... 76,318,000 5,551,200 1,884,000 3,078,100 2,243,700 2,361,400 1,719,300 1,408,400 834,900
Septem ber 1 9 , ............................................... 79,178,500 6,075,000 2,070,100 3,271,300 2,395.000 2,489,100 1,899,600 1,535,100 880,100
September 2 6 , ............................................... 77,764,900 5,522,000 1,954,000 3,240,800 2,204,400 2,410,900 1,777,500 1,448.900 783,000
October 3 , ........................................................ 76,847,200 6,691,200 1,841,600 3,277,200 2,204,700 2,324,700 1,764,700 1,485,600 735,900
October 10........................................................... 76,597,700 5,668,900 1,751,400 3,235,400 2,130,700 2,260,600 1,680,300 1,440,400 706,700
October 1 7 ,........................................................ 77,009,800 5,303,900 1,688,900 3,190,400 2,177,900 2,229,000 1,618,400 1,395,000 693,000
October 2 4 , ........................................................ 76,949,600 5,312,400 1,800,800 3,196,100 2,244,800 2,267,300 1,618,500 1,407,400 698,700
October 3 1 , ........................................................ 76,689,600 5,298,400 1,687,400 3,121,700 2,285,100 2,314,400 1,622,700 1,385,100 707,400
November 7 , ............................................... 77,502,200 5,320,800 1,692,500 3,095,000 2,333,400 2,300,300 1,620,100 1,400,000 700,000
November 1 4 , ............................................... 77,384,500 5,284,000 1,648,600 3,157,100 2,302,300 2,202,100 1,585,100 1,344,300
November 2 1 , ............................................... 75,903,100 5,283,700 1,620,600 3,141,400 2,330,000 2,233,100 1,575,500 1,315,900 673,400
November 2 8 , ............................................... 76,904,000 5,108,900 1,535,500 3,337,400 2,379,700 2,239,600 1,597,000 1,312,600 685,500
December 5 , ...................................... 81,096,600 5,515,600 1,567,700 3,714,800 2,553,600 2,373,700 1,588,400 1,314,900 767,700
Decem ber 12, . 79,365,400 5,350,700 1,589,900 3,495,800 2,461,000 2,346,900 1,549,900 1,304,700 711,8u0
December 19, 86,711,200 5,942,300 1,593,500 4,054,900 2,641,600 2,455,400 1,651,900 1,325,300 851,200
D ecem ber 26, . 86,086,000 6,099,200 1,768,000 4,546,500 2,713,100 2,692,700 1,745,800 1,279,000 853,500
January 2 ............................................................ 94,639,400 6,487,300 1.750,800 5,080,300 2,852,000 2,483,400 1,773,200 1,301,000 961,000

Average per capita, . . . . 78,228,200 5,600,300 1,764,400 3,398,900 2,306,700 2,415,200 1,653,500 1,395,100 795,700
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T able N o . 26 — Concluded.

W e e k  e n d in g  — W atertow n. Arlington. Milton. W inthrop Stoneham. Belm ont. Lexington Nahant. Swampacott. Total.

Ju ly  4 , ........................................................ 528,700 722,700 302,900 683,000 377,100 165,200 292,000 335,000 604,900 100,350,800
July 1 1 , ........................................................ 611,200 854,200 365,300 817,700 509,700 214,100 352,300 379,900 726,700 105,668.600
July IS, . . . . . . 636,700 941,200 375,500 814,000 493,600 262,900 253,000 399,600 786,100 104,066,800

506,700 737,000 270,900 589,600 497,100 170,400 205,400 215,600 690,000 95,578,100
587,300 695,400 366,700 767,700 496,600 213,300 243,000 256,600 710,900 99,206,400
522,700 670,000 334,700 768,900 512,000 215,900 261,300 232,200 696,600 96,117,300
581,100 630,000 354,700 750,000 508,000 244,300 269,000 213,200 708,900 98,658,600
559,200 630,200 344,800 764,000 521,000 235,100 278,400 289,000 726,400 100,260,100
544,200 651,900 317,000 775,600 499,000 228,800 312,600 234,300 745,000 98,455,100
496,400 538,900 290,100 663,100 447,900 208,700 274,900 159,600 658,400 96,994,100
554,300 582,700 377,000 690,400 441,900 188,100 321,900 180,900 659,400 99,395,600
594,100 624,400 400,700 762,300 491,900 308,000 327,600 238,500 633,400 104,174,700
579,700 634,700 378,000 683,100 461,700 274,600 309,100 204,700 485,900 101,117,900
558,400 617,200 356,100 639,300 438,000 281,100 296,100 167,700 508,000 100,034,700
577,700 553,200 312,500 597,300 428,600 254,700 259,600 103,100 425,900 98,984.700
529,000 554,400 301,400 594,000 416,300 236,400 209,700 91,500 456,900 98,695.900
504,100 556,700 320,400 603,900 446,700 243,900 223,900 51,900 450.100 98,897,200
478,400 525,800 330,000 600,000 476,600 220,600 215,900 62,900 473,600 98,495,600
522,400 543,300 349,400 580,300 449,400 229,400 188,600 40,000 426,400 99,293,500
497,700 525,900 325,000 575,100 442,400 226,100 186,000 40,000 369,600 98,782,200

November * 2 1 , ............................................... 490,600 539,400 324,400 536,300 449,900 226,700 169,300 44,600 302,600 97,160,500
November * 2 8 , ............................................... 478,600 519,200 316,900 557,600 434,700 222,400 178,900 40,000 293,300 98,141,800
December 5 , ............................................... 486,900 522,700 313,800 594,300 460,900 225,700 187,700 48,100 340,700 103,673,800

479,000 518,300 268,600 584,400 484,800 219,100 176,700 56,900 327,000 101,290,900
December IP, . . . . . 493,400 542,900 263,400 641,300 481,600 207,700 189,700 42,500 313,100 110,402,900

438,000 572,500 262,400 657,200 459,700 205,900 194,800 41,100 362,200 110,977,600
January 2 , ........................................................ 515,600 709,400 261,200 741,800 491,600 222,700 176,800 83,300 355,500 120,886,300

Average p e r  cap ita , . . . . 531,600 619,000 325,300 667,900 467,400 227,800 242,700 157,500 527,300 101,324,500
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Table No. 2 7 .  —  Water WorTcs Statistics o f  the Large Cities o f  the United States fo r  the Year 1902.

Cit ies . Population.
Total Daily  

Average 
Consumption 

(G allons).

Daily  
Average 

Metered Con- 
sumption 
(Gallons).

Number
of

Services.

Number
of

Meters.

Miles
of

Pipe.

Consumption
per

Capita
(G allons).

Metered
Consumption

per
Capita

(G allons).

Per Cent, 
of

Consumption
metered.

Per Cent, 
of

Services
metered.

Total
received for 

Water.

Receipts 
for Metered 

W ater.

Per Cent, 
received 

for
Metered 
W  ater.

Total 
received 

per Million 
G allons.

Received  
for Metered 

W ater 
per Million 

Gallons.

New York ( M a n h a t t a n ) , ................................................................... 2,091,000 282,000,000 64,246,600 150,000 37,493 897.00 135.0 30.7 22.80 25.00 $5,592,894 00 $3,132,316 00 56.00 $54 34 $135 00
Chicago, 111.,.................................................................................. 2,250,000 358,101,700 41,096,000 324,200 7,075 1,918.80 159.0 18.3 11.50 2.18 3,164,910 53 1,329,684 69 42.00 24 21 86 00
Philadelphia, P a . , ...................................................................................... 1,349,500 313,992,600 16,430,400 255,400 1,510 1,381.00 233.0 12.2 5.23 .59 3,459,095 67 226,684 10 6.56 30 20 38 00
Metropolitan W ater D i s t r i c t , ......................................................... 874,200 107,268,000 21,213,500 141,600 13,073 1,457.00 122.7 24.4 19.80 9.24 3,243,634 53 1,286,227 15 39.70 82 85 166 12
St. Louis, M o . , ...................................................................................... 650,000 87,000,000 15,149,000 72,005 4,635 709.00 134.0 23.3 17.41 6.41 1,748,541 21 760,545 50 43.50 55 00 137 00
Boston, ................................................................................................ - - 17,521,400 89,337 5,164 727.00 - 29.9 - 6.03 2,306,191 98 1,005,312 26 43.60 - 157 19
Baltimore, M d.............................................................................................. 525,000 59,647,900 13,226,000 100,151 2,182 634.00 114.0 25.2 22.17 2.17 554,530 72 264,283 06 47.60 25 50 55 00

Cleveland, 0 . , ...................................................................................... 424,000 69,964,500 19,050,900 56,816 11,099 577.00 165.0 45.0 27.23 21.11 864,140 11 433,778 81 50.20 33 90 62 00

Buffalo, N . Y „ ....................................................................................... 360,000 116,810,400 16,501,800 67,531 1,375 500.45 324.0 46.0 14.12 2.04 682,920 21 135,520 75 19.80 16 00 23 00

Cincinnati, O . , ...................................................................................... 345,400 43,033,000 10,513,670 37,302 3,607 440.00 124.6 30.4 24.40 9.67 800,970 50 334,505 82 41.76 51 00 88 00

Pittsburg, P a., . ......................................................... 260,000 63,800,000 4,279,000 36,112 394 362.50 246.0 16.4 6.71 1.09 774,042 64 177,223 00 22.90 33 20 114 00

Detroit, M i c h . , ...................................................................................... 327,000 51,390,900 14,970,800 63,342 5,847 617.00 157.0 42.7 29.17 9.24 398,290 81 136,176 40 34.40 21 20 25 00

Milwaukee, W i s . , ...................................................................................... 308,000 25,010,800 - 45,480 32,721 370.00 81.0 - - 71.94 531,853 2S 305,112 59 57.50 58 20 -

Newark, N . J ................................................................................................ 260,000 26,000,000 - 36,278 13,275 263.00 100.0 - - 36.60 695,161 05 381,932 88 54.00 73 20 -

Louisville, K y ............................................................................................... 241,000 16,582,600 - 23,877 1,944 254.00 68.8 - - 8.14 410,666 17 169,298 87 41.15 67 80 -

Indianapolis, I n d . , ............................................................................. 200,000 15,653,100 - 11,459 650 225.90 78.0 - - 5.67 282,231 31 - - 49 40 -

Providence, R . I . , ....................................................................................... 198,400 11,563,400 - 22,758 19,216 - 58.0 - - 84.50 605,307 35 512,051 95 84.60 143 50 -

Toledo, 0 ........................................................................................................ 140,000 9,823,900 - 12,864 6,292 175.20 70.0 - - 48.85 150,630 19 112,750 37 74.80 42 10 -

W o r c e s t e r , ................................................................................................ 124,300 8,094,800 4,331,000 13,832 13,076 180.90 65.0 34.8 53.55 94.50 270,088 81 262,500 87 97.20 91 50 166 00

Paterson, N . J . , ....................................................................................... 109,000 9,900,000 1,390,400 11,669 3,000 113.90 91.0 12.8 14.00 25.70 - - - - -

Fall R i v e r , ................................................................................................ 108,700 4,365,100 - 7,282 6,973 92.70 40.1 - - 175,856 95 171,677 36 110 20 ~




