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To the General Court of Massachusetts.

I have the honor to submit to the Legislature the report
required by the provisions of chapter 30 of the Resolves
of the year 1927, entitled “Resolve providing for an In-
vestigation by the Department of Public Health as to a
Water Supply for the Cities and Towns of Essex County
and Adjacent Sections of Middlesex County.”

Respectfully

GEORGE H. BIGELOW, M.D.,
Commissioner of Public Health.
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To the General Court.
Herewith is submitted a report relative to the water

supply of municipalities in the valley of the Merrimack
River in Essex County and adjacent portions of Middlesex
County, especially the cities of Lowell and Lawrence, the
towns of Methuen and Dracut and the North Chelmsford
Fire District.

The resolve is as follows

Resolved, That the department of public health is hereby authorized
and directed to investigate and determine the best method of supply-
ing with water the municipalities in the valley of the Merrimack
river, especially the cities of Lowell and Lawrence and the towns of
Methuen and Dracut and the North Chelmsford fire district, from
some point in the metropolitan water supply system or from Salmon
brook or from any other source which appears to the department to
be appropriate for the purpose.

Said department shall also make such investigations as it may deem
necessary, including pumping tests, to determine the practicability
of securing an additional water supply for the city of Lowell and the
North Chelmsford fire district of suitable quality for all domestic
uses, sufficient to make adequate provision for the requirements of
said city for a reasonable time in the future, from the ground in the
neighborhood of said river on the north side adjacent to the present
well fields of said city or from the ground in the area within that
portion of the town of Chelmsford which lies between the Boston
and Maine railroad and the southerly bank of said river northwest of
the point where Stony brook joins said river and within approxi-
mately one mile of said junction.

In case the tests herein provided for fail to show that such addi-
tional water supply for the city of Lowell and the North Chelmsford
fire district can be obtained from the ground within the territory
described in this paragraph by means of wells or other wnrks, then
the said department shall prepare and present in its report a plan
for supplying water through joint works to the cities of Lowell and
Lawrence and the towns of Methuen and Dracut and such other
municipalities as the department may think it desirable to join in
such a scheme, from Salmon brook, with such supplementary sources
as may be available in connection with said brook, or from some point
in the water supply system of the metropolitan water district or
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from some other source, together with estimates of the probable
total cost of the works required and the probable annual expense to
each of said cities and towns for water supplied. If said department
shall find such additional water supply for the city of Lowell and the
North Chelmsford fire district can be obtained from the ground
within the territory described in this paragraph by means of wells
or other works, then the said department shall prepare and present
in its report a plan showing in detail all the works necessary for pro-
viding an additional water supply for the city of Lawrence and the
town of Methuen, from Salmon brook or from some point in the
water supply system of the metropolitan water district or from some
other source, together with estimates of the probable total cost of
the works required and the probable annual expense to said city and
town for water supplied.

Said department shall study in detail the location of conduits, pipe
lines, reservoirs and other works and shall recommend locations for
the same. Said department may employ engineers, experts and
other assistants, and may incur such expenses as may be necessary
to carry out the provisions of this resolve, and may expend therefor,
out of such amount, not exceeding twelve thousand dollars, as may
be appropriated by the general court, such sums as may be approved
by the governor and council. The sums so expended shall in the first
instance be paid from the state treasury upon the order of the depart-
ment of public health. So much of said sums as may be expended
for investigations and tests to determine the practicability of securing
such additional water supply for the city of Lowell and the North
Chelmsford fire district from the ground within the district described
in the preceding paragraph shall be apportioned upon the city of
Lowell and the North Chelmsford fire district; and the remaining
portion of said sums shall be apportioned upon the cities of Lowell
and Lawrence and the towns of Methuenand Dracut in such propor-
tion as the department shall determine. All of said sums shall be
assessed, collected and paid over to the state treasury in the same
manner and at the same time as the state tax.

Said department shall complete its investigations, under the pro-
visions of chapter thirty-nine of the resolves of nineteen hundred
and twenty-six, of the water supply needs and resources of the munic-
ipalities in Essex county and in adjacent portions of Middlesex
county remaining uncompleted, and may expend therefor out of
such amount, not exceeding one thousand dollars, as may be appro-
priated such sums as may be approved by the governor and council.

Said department shall report to the general court the results of its
investigations, with its recommendations, if any, and maps and
plans showing the proposed reservoirs and water supply systems, and
drafts of legislation necessary to carry its recommendations into
effect, by filing the same with the clerk of the house of representatives
not later than December first of the current year.
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Report.
The question of water supply for the municipalities in

the valley of the Merrimack River, especially in the north-
western part of Essex County and in adjacent portions of
Middlesex County, has been the subject of investigation in
previous years, and the conditions affecting the water supplies
of most of the cities and towns in the Merrimack River
valley have been fully described in previous reports.

The results of the investigation have shown that new
water supplies are required in the city of Lawrence and
the towns of Methuen and Dracut either because of the
inadequacy of the supply or of the objectionable character
of the water. During the past year the investigation has
been extended in accordance with the resolve to include
a study of the water supply of the city of Lowell with
special reference to the practicability of enlarging the sup-
ply by the introduction of additional wells in an area
adjacent to the south bank of the Merrimack River north-
west of North Chelmsford.

The results of these investigations, together with a re-
view of the conditions affecting the sources of water supply
of the other cities and towns concerned, are described in
detail in the accompanying report of the engineer of the
Department which is attached to and forms a part of this
report.

These results show that it is practicable for the city of
Lowell to obtain an additional water supply in the area
south of the Merrimack River near North Chelmsford which
can probably be relied on to furnish as much as 1,500,000
gallons per day in a very dry period and the use of which
would provide an increase of about 25 per cent in the water
supply of the city of Lowell over the quantity used by
the city during the year 1926. The quality of the water
obtainable in that area as shown by the results of numer-
ous analyses would be satisfactory for the purposes of a
public water supply, if it were certain that its quality
would remain the same under continued use as it was found
to be during the recent test. The quality of the water as
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shown by this test was much the same as that of the
Boulevard wells when that supply was first introduced,
but experience with the Boulevard well supply has shown
that its quality gradually deteriorated with use and that
the quantity of iron and organic matter in the water
eventually increased to such an extent that filtration be-
came necessary in order to make it acceptable foir domes-
tic uses. The experience with wells in similar locations at
other points along the Merrimack River has been quite
similar in that the water which was excellent at first has
gradually deteriorated until it has become unsatisfactory
for use without thorough treatment. It seems unsafe, un-
der the circumstances, to assume that the experience with
wells in the area near North Chelmsford will differ mate-
rially from that with waters in similar locations along the
banks of the Merrimack River, and it seems probable that
this water will eventually become objectionable and will
require treatment as in the case of the water of the
Boulevard wells.

The quantity of water supplied from the Boulevard well
system is inadequate for the requirements of the city of
Lowell and water is taken at times from a system of wells
in the valley of Hales, or River Meadow, Brook, known
as the Cook and Hydraulic wells, the latter being operated
in connection with the Cook system. The water of the
Hydraulic wells is affected by an excess of iron and the
water of the Cook wells contains an excessive quantity of
free carbonic acid, and this water when supplied through
the present distributing system dissolves lead rapidly from
the lead service pipes and has been the cause of numerous
cases of lead poisoning in the city in past years. A water
so injurious to the public health should not be used for
the supply of the city under any circumstances, unless so
treated that the excess of carbonic acid is efficiently re-
moved. The source of the carbonic acid which affects the
water of these wells has not been definitely ascertained,
though it is probably associated with the uses of the lands
in the neighborhood of the wells, and there is no practi-
cable method of removing the conditions which thus affect
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the quality of this water. It would be practicable to re-
move the excess of carbonic acid by treating the water
with lime but that method of treatment is objectionable
since it would greatly increase the hardness of the water.
It might also be treated by aeration and considerable im-
provement effected. If this water is to be used it is prob-
able that the method of treatment which would be most
effective would be to pump all of the water to the neigh-
borhood of the Boulevard wells on the north side of the
river where, after preliminary treatment by such method
as might be found most satisfactory, it could be mixed
with the water of the Boulevard wells and the joint
supply be given such further treatment as found necessary
before being supplied to the city. It is somewhat doubt-
ful, however, whether it will not still be necessary to treat
the water with chemicals in order to prevent its action
upon lead pipes.

The quantity of carbonic acid present in the Boulevard
well water is sufficient to make that water somewhat cor-
rosive and cause it to take up considerable quantities of
lead if allowed to stand in a lead service pipe overnight,
and a treatment of the entire supply may eventually be
found necessary in order to remove the corrosive proper-
ties of the water.

The water from the wells in the area near North Chelms-
ford was also found during the recent test to contain con-
siderable quantities of free carbonic acid, and this water
also is likely to be corrosive, though its corrosiveness might
be no greater than that of the water of the Boulevard
wells. Whether the corrosiveness would increase with con-
tinued use can only be told by experience.

By using the water of the Cook wells and Hydraulic
wells in connection with that of the Boulevard wells to
the full extent of the safe yield of these sources the supply
available in very dry periods or periods of very cold
weather would probably furnish at the times of minimum
yield about 8,000,000 gallons per day, which would be
adequate for the present requirements of the city but
would furnish no more water than has been required for
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its use at times in the past. By using the water available
from the area near North Chelmsford the supply would
be increased to between 9,000,000 and 10,000,000 gallons
per day.

It is impracticable to estimate very definitely the length
of time that the water from these sources would be ade-
quate for the needs of Lowell, including the requirements
of the North Chelmsford Fire District and the town of
Dracut. The present depression in industry in that city
has been accompanied by a decrease in population and in
the use of water, and the length of time that these condi-
tions may continue cannot be predicted. Similar condi-
tions have occurred in the past, however, and it is hardly
reasonable to expect that the present depression will con-
tinue for an indefinite time in the future. With an im-
provement in industrial conditions the city is likely to
grow again, and in that case an additional water supply
will be required within a few years. Furthermore, it is
the opinion of the Department that the use of so corro-
sive a water as that of the Cook wells should be avoided
altogether if possible, and without the use of those sources
a new supply is likely to be required by the city in the
immediate future.

Previous investigations have shown that the nearest
available source from which a satisfactory additional water
supply for Lawrence and Methuen can be secured is Salmon
Brook, which flows from the neighborhood of Groton and
Ayer northeasterly to join the Merrimack River at Nashua,
N. H. It is practicable by constructing a dam on this
brook not far from the village of Dunstable to develop
that source so that it can be depended upon to yield about
14.000. gallons per day, and surveys show that it is

possible to enlarge the supply by the diversion of water
from adjacent watersheds into that of Salmon Brook so
that the latter can be depended upon to yield about
17.000. gallons per day. Salmon Brook would also,
however, be an appropriate source of water supply for the
city of Lowell and is much nearer that city than to Law-
rence and Methuen.
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Under the existing conditions it seems inequitable to
grant the right to any one of the municipalities interested
to take water from Salmon Brook to the exclusion of the
others and, if a water supply is to be developed from that
source for the use of any of these municipalities, it would
obviously be far less expensive for the municipalities con-
cerned to act jointly both in developing the supply by the
construction of works at Salmon Brook and in delivering
the water to the various municipalities than to construct
independent works.

Before the construction of works for a water supply from
Salmon Brook can be entered upon it will be necessary for
the municipalities concerned to provide an agency for the
purpose either by the creation of a district or by some
other form of association through which joint action can
be made effective. If joint action appears desirable to the
various municipalities concerned, it would be advisable in
the opinion of the Department that the preliminary steps
for an arrangement for joint action be taken as soon as
practicable, since much time will be required in the prep-
aration of plans and in the construction of works before
water from the new supply can actually be delivered to
the inhabitants of the cities and towns concerned.

The Department has also investigated the practicability
•and probable cost of providing a water supply for the
cities and towns in the Merrimack valley from or in con-
nection with the Metropolitan Water District at three pos-
sible points of connection, viz., Spot Pond, Weston Reser-
voir or its neighborhood, and Wachusett Reservoir. The
results of the investigations show that a connection with
Wachusett Reservoir is obviously the most economical and
in other respects most desirable for all concerned of the
three points considered. The elevation of the surface of
Wachusett Reservoir at high water is 390 feet above mean
sea level, 123 feet above the highest of the Lowell low
service distributing reservoirs, and 183 feet above the low
service distributing reservoir of the city of Lawrence. Con-
sequently ample head is available to supply water from
Wachusett Reservoir to Lowell, Dracut, Lawrence and Me-
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thuen by gravity. A practicable route for an aqueduct
has been located and an estimate has been made of the
probable cost of the works. A definite statement cannot
now be made as to the probable cost of a water supply
from Wachusett Reservoir for the municipalities concerned
since it is impracticable to determine definitely the prob-
able charge for water from Wachusett Reservoir by the
Metropolitan District. For several years the city of Worces-
ter has been purchasing water from the District at the
rate of $4O per million gallons, and using this figure as
the probable charge to the municipalities in the Merrimack
River valley an estimate has been made of the probable
cost of a joint water supply from that works as compared
with the cost of a joint supply from Salmon Brook. In
comparing the relative advantages of obtaining a water
supply from these sources there are certain considerations
of importance which are not included in the estimates
given. A connection with Wachusett Reservoir will pro-
vide an ample supply of excellent water which will be sup-
plemented in the future by other supplies of excellent
water from streams farther west which will furnish an
adequate supply for all the district, including the Merri-
mack valley, for a very long time in the future without
material additions to the sources of supply. The water
will be of the same excellent quality that has been fur-
nished to the Metropolitan District for many years and
will not affect the service pipes through which it is deliv-
ered to consumers. The use of Wachusett Reservoir would
also obviate further need of filtration of the water at
Lowell and Lawrence or the pumping of the water for the
low service systems in those cities, the cost of which
amounts at the present time in the aggregate to approxi-
mately $200,000 per year, an amount which is likely to
increase rather than decrease in the future. Salmon Brook,
if the reservoirs which must be constructed on that stream
are properly prepared for the storage of water, will prob-
ably furnish water of good quality or, if the expense of
thoroughly preparing the reservoirs is considered too great,
the water can be filtered and rendered thoroughly satis-
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factory before delivery to consumers. In view of the con-
ditions at the sites of proposed reservoirs on this stream
it is likely that with less thorough preparation the water,
though objectionable at times in the earlier years, would
eventually become satisfactory without filtration.

There are thus several practicable ways of developing a
water supply from Salmon Brook: one by thoroughly clean-
ing the reservoirs and pumping the water through a joint
works with a pumping station located at Dunstable; an-
other by less thorough preparation of the reservoir and the
construction of a pumping station and filters through which
all of the water would be filtered at Dunstable before
being pumped to the municipalities to be supplied; and
third by drawing the water by gravity from Salmon Brook
to the present filters and pumping stations at Lowell and
Lawrence respectively and pumping it after filtration as
at present for the suppty of the municipalities concerned.
These filters probably would not need to be maintained
for more than a few years, perhaps five to ten years in
the beginning, when the water in the reservoir would prob-
ably become satisfactory for use without treatment. In
making the estimate of cost the latter method appears to
be somewhat the more economical and on that method the
costs presented have been based. It is to be remembered
further that, in comparing the cost of a supply from Wa-
chusett Reservoir with that of a supply from Salmon
Brook, while the former will probably be available indefi-
nitely the supply from Salmon Brook is limited. By
joining Mulpus Brook -with Salmon Brook the supply of
the latter source can probably be increased sufficiently to
last the municipalities in question for about 40 years. At
the end of that time if these municipalities continue to
grow a further supply will be required, the source of which
can hardly be definitely designated at the present time,
but in case no other source is available 'water from Wa-
chusett Reservoir can be diverted into the Salmon Brook
watershed if further addition is then required.

The choice of a water supply will depend upon the pref-
erences of the municipalities concerned and should be one
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of the matters to be decided in connection with arrange-
ments for joint action in the construction of works from
the source deemed most desirable for the purposes of these
communities. The municipalities concerned are naturally
divided into two groups, one being Lowell and Dracut,
including possibly the North Chelmsford Fire District, and
the other the city of Lawrence and town of Methuen. If
joint action by all four municipalities cannot be secured
on account of the preference of one group for one of the
available sources and another group for another, the De-
partment sees no serious objection to the choice by one
group of Salmon Brook and by the other of Wachusett
Reservoir though the cost of the works to each group
would inevitably be greater than if joint action can be
secured.

The Department recommends that a committee or com-
mission be appointed representing each of the cities of
Lowell and Lawrence and the towns of Methuen and Dra-
cut, with representatives from such other municipalities
as may desire to be included, to consider the question of
joint action in developing new sources of water supply
and all matters relating thereto. It should be the duty
of such commission to ascertain the terms under which a
water supply can be obtained from Wachusett Reservoir,
to determine the most acceptable method of developing a
water supply from Salmon Brook, to consider the question
of obtaining a water supply from any other source or
sources, and to select and recommend a plan of joint
action in the development of a water supply for these
municipalities or such of them as may desire to join in a
plan for meeting the water supply requirements of the
municipalities concerned. The commission should be pro-
vided with sufficient funds for necessary travelling expenses
and for employing such engineering or other assistance as
may be necessary to supplement the previous investigations.

The Department desires to express its appreciation of
the cordial cooperation in these investigations of the water
departments and other officials of the municipalities con-
cerned and of the Metropolitan District Commission.
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Financial Statement.
Appropriation (Budget No. 573A)
Expended to Nov. 30, 1927 .

$12,000 00
11,195 35

Balance unexpended $BOl 65

Expenditures in Detail. 1
Part I. Part II
G

Wa
Uter' Genera! Total

Investigations. Expenses.

51,040 80 5482 89 51,523 69Services and travel
Charts, maps, blue prints, etc
Field supplies .

24 31 11 56 45

14 25 3 00 17 25

1,605Well driving 9,605 99

Postage and office supplii 80 1

510.686 15 5509 20 SI 1,195 35

1 Part I chargeable to Lowell and the North
to Lowell, Lawrence, Dracut and Methuen.

Chelmsford Fire District. Part II chargeable

Apportionment of Expense
[Based £ on local valuation (April 1, 1926), § on water consumption (1926).]

Ratio Apportionment.

0.01653 $176 64
0.98347 10,509 51

North Chelmsford Fire District
City of Lowell

1.00000 $10,686 15
11.

City of Lowell 0.48328 $246 09
0.41923 213 47
0.01152 5 87

City of Lawrence
Town of Dracut
Town of Methuen 0.08597 43 77

1.00000 $509 20

Part I

Part
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Office of the Department of Public Health,
141 State House, Boston, December 9, 1927.

To Dr. George H. Bigelow, Commissioner of Public Health.
Sir: Herewith is submitted a report relative to the

question of a water supply for certain cities and towns in
the valley of the Merrimack River in Essex County and
adjacent sections of Middlesex County with special refer-
ence to the best method of supplying with water the cities
of Lowell and Lawrence and the towns of Methuen and
Dracut either from the Metropolitan water supply system
or from Salmon Brook or other appropriate sources.

The circumstances affecting the water supply needs and
resources of the cities and towns in the Merrimack River
valley have been described in previous reports, but recent
changes in conditions have changed somewhat the water
supply requirements in some of the cities and towns in
that region and it is desirable to review briefly the changes
that are taking place and their possible effect on future
water supply requirements of these municipalities.

Methuen Water Supply

The water supply of Methuen is at present obtained
chiefly from'* two groups of wells, one the original supply
located in the valley of the stream flowing from Harris
Pond at its confluence with the Spicket River, and the
other a group of wells near the northerly bank of the
Merrimack River opposite Pine Island about three miles
above the water supply pumping station of the city of
Lawrence. These two sources taken together were found
incapable of furnishing an adequate supply for the town in
dry summers in recent years, and it has been necessary
to draw water directly from the Spicket River. The flow

REPORT OF CHIEF ENGINEER.

REPORT
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of the Spicket River in dry weather is largely maintained
by water drawn from storage reservoirs constructed on the
river and its tributaries in New Hampshire for use by
manufacturing industries for industrial purposes on the
stream below the point at which Methuen draws the water.

The population of Methuen has been growing rapidly in
recent years, and it seems probable that on account of the
nearness of the town to the city of Lawrence it will con-
tinue to grow in the future, though perhaps not at as
rapid a rate as in the recent past. In providing for the
future it seems desirable to anticipate that it will be nec-
essary to provide for a population of some 35,000 within
the next twenty-five to thirty years and for a quantity of
water which may amount to from 2.5 to 3.5 million gallons
per day.

The following table gives the population of Methuen, the
average daily consumption of water, the consumption per
capita and per cent of services metered in 1926 and in census
years from 1905 to 1925:

Methuen.

Water Consumption
(Gallons). p er Cent

Year, Population. Services
Average Per Metered.
Daily. Capita.

1905 8,676 372,000 43 • 78
1910 11,448 438,000 38 76
1915 14,007 630,000 45 73
1920 15,189 762,000 50 91
1925 20,606 1,166,000 57 95
1926 - 1,151,000 - 100

Lawrence Water Supply.

The city of Lawrence is supplied chiefly with water
drawn from the Merrimack River and subsequently filtered
and disinfected before being supplied to consumers. The
total area of filters at the present time is 3.97 acres, of
which 1.70 acres are not covered, so that they are re-
stricted considerably in capacity in the winter season. The
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water of the Merrimack River is very badly polluted by sew-
age and manufacturing waste from the cities and towns along
the river and its tributaries above Lawrence, and its con-
dition is gradually growing worse. While this water can
be purified by filtration and disinfection so that it may
be regarded as safe for drinking, the city has already been
advised that so polluted a water should not be used for
that purpose. Furthermore, the use of this water is re-
pulsive to the inhabitants, and there is a strong demand
for the introduction of a water supply from sources not
subject to sewage contamination. Considerable quantities
of water have been purchased at times from the neighbor-
ing town of North Andover to meet the needs of the city
when the supply, of filtered water has been inadequate for
the purpose. With the recent completion of an additional
filter the supply of filtered water is probably adequate for
present requirements. In providing for the future it seems
necessary to assume a considerable further increase in popu-
lation, possibly to 125,000 or 130,000 inhabitants in the
next twenty-five to thirty years, which may require a water
supply of 8,000,000 to 9,000,000 gallons per day.

The population of Lawrence increased very rapidly for
many years previous to 1910 and has continued to in-
crease in more recent years, though at a considerably
slower rate. The water supply of the city is quite thor-
oughly metered, and the consumption per person is low,
though it has been increasing quite rapidly in recent years,
notwithstanding the fact that the great majority of the
services are metered. The total consumption of water also
has increased very steadily for the last twenty years.

The population of Lawrence, the average daily consump-
tion of water, the consumption per capita and *per cent of
services metered in 1926 and in census years from 1905 to
1925 are shown in the following table: ■
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Lawrence.

Water Consumptic
;Gal Per Cent

PopulatioiYear
Average Per Metered
Daily. Capita.

1905 70,050 2,978,000 43 j 88
1910 85,892 3,879,000 45 91
1915 90,259 4,006,000 44 j 95
1920 94,270 4,624,000 49 96
1925 93,527 4,725,000 51 98
1926 - 4,947,000 - 98

Dracut Water Supply.

The water supply of the Dracut Water Supply District,
which contains the principal part of the population of the
town, is obtained from a group of tubular wells in the
valley of a tributary of Beaver Brook near the central
portion of the town. The quantity of water used already
equals the safe capacity of the sources in any dry year and
no suitable source of additional supply is available to meet
further requirements. In the northerly part of the town
the village of Collinsville is supplied with water from local
sources by a private company and these sources appear
to be adequate for the present needs of that village. The
best practicable plan for Dracut to obtain an additional
water supply in the future is by a connection with the
water works system of the city of Lowell with which a con-
nection is already in existence. The town of Dracut has
grown quite rapidly in population in recent years owing no
doubt to its close proximity to the city of Lowell. The
town was quite thoroughly metered several years ago, but
later on the number of metered services declined and the
per capita consumption increased rapidly for a time. In
recent years, however, meters have again come into general
use and the per capita consumption has not increased for
several years.

The population of Dracut and the quantity of water used
in 1926 and in census years from 1910 to 1925, so far as
records are available, are shown in the following table;
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Dracut Water Supply District.

Water Consumptic
[C

„

(Gallons). - per Cent
i ear. Population. l I Services

Average Per Metered.Average Per Mete
Daily. Capita.

1910 3,461 41,000 12
1915 4,022

1920 5,280 97,000 18
1925 6,400 128,000 20
1926 - 128,000

1 Town of Dracut.

Chelmsford Water Supply

There are two systems of water supply in Chelmsford,
one of which serves the North Chelmsford Fire District,
which is closely adjacent to the city of Lowell on the west,
and the other the Chelmsford Water District adjoining
Lowell on the south. The supply for the latter district is
taken from a system of tubular wells in the upper part of
the valley of Hale’s, or River Meadow, Brook. The quality
of the water is satisfactory and its quantity ample for the
present requirements of the district.

The North Chelmsford Fire District takes water from
wells near the shore of Newfield Pond very close to the
thickly settled portion of the village. The water of these
wells has deteriorated gradually in quality and on account
of the nearness of the sources to the village it is unlikely
that water of satisfactory quality can be obtained longer
in this locality. A new source of supply should be pro-
vided in the immediate future.

The population of the town of Chelmsford and the quan-
tity of water used in 1926 and in previous census years,
beginning with the year 1910, are shown in the following
table:
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Chelmsford (North Chelmsford Fire District and Chelmsford
Water District) .

Water Consumption Per Cent Mete
(Gallons). Services.

PopulationYea of iown. Average Per Individual Both
Daily. Capita. Districts. Districts.

1910 . . 5,010 53,000 1 11 1
[ North, 83 1

1915 . . . 5,182 88,000 17 \ [B5
[ Center, 86 j
[ North, 79 1

1920 . . . 5,682 130,000 23 [B4
I Center, 89 j

1925 . . . 6,573 165,000 25 - 94
1926 ...

- 181,000 - - 94

North Chelmsford Fire District only

Lowell Water Supply.

The water supply of the city of Lowell is obtained
chiefly from a system of some 500 tubular wells located
on the northerly side of the Merrimack River in the western
part of the city. This system, known as the Boulevard
wells, has been in use some thirty years. In the beginning
the water was of satisfactory quality for all the purposes
of a public water supply. Later on the water of the wells
deteriorated, becoming affected by an excessive quantity of
iron and manganese, and in order to improve its quality a
system of filtration was first used in the year 1916. The
water after aeration is passed through coke filters and
subsequently through sand filters, and when the works are
maintained in satisfactory operating condition the water
supply is freed from the excess of mineral matter and is
satisfactory for domestic uses.

The other sources of supply are two groups of tubular
wells in the valley of Hale’s Brook in the southern part of
the city and extending into the adjacent town of Chelms-
ford. These wells were put in some thirty-five years ago
but after a few years it was found that the water, which
contained excessive quantities of carbonic acid, dissolved
lead from the service pipes through which it was delivered
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to consumers and caused numerous cases of lead poisoning
among the inhabitants supplied with this water. It has
been found necessary, however, to use much water from
these wells in dry periods when the yield of the Boulevard
wells is inadequate for the requirements of the city. There
is no question that the use of this water in its present con
dition causes serious injury to health when supplied through
lead service pipes

While the yield of the Boulevard wells alone is inade
quate for the requirements of the city in the season of the
year when the yield is lowest, it has been found that in
extremely dry periods the yield of both the Boulevard
wells and the Cook wells has been barely adequate for all
requirements and a further additional supply is necessary.

The population of the city of Lowell has grown quite
steadily for many years, though more slowly in the last

twenty-five years than in the earlier periods, and accordin
to the census of 1925 the population was slightly le
than in 1920, the decrease being due in part to a
depression in the cotton manufacturing industry and in
part doubtless to an overflow of the population into
the adjacent towns, especially Dracut and Chelmsford. In
estimating the future requirements of Lowell and Dra-
cut, it seems essential to include also the probable require-
ments of portions of Chelmsford, especially the North
Chelmsford Fire District, though it will be desirable at no
distant date for portions of South Chelmsford which are
growing quite rapidly to obtain a water supply also from
the city of Lowell. It is likely if the city continues to

ive years the population to be
works or from sources which
the city of Lowell will amount
people and that the quantity
from 9,000,000 to 10,000,000

grow that in about twenty-:
supplied from the Lowell
might otherwise be used by
to from 130,000 to 140,000
of water required will be
gallons per day.

The population of the city of Lowell, the average daily
consumption of water, the consumption per capita and
per cent of services metered in 1926 and in census years
from 1905 to 1925 are shown in the following table:
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Lowell.

Water Consumption
(Gallons). Per Cent

Year. Population. Services
Average Per Metered.
Daily. Capita.

1905 94,889 I 5,474,000 58 69
1910 106,294 i 5,443,000 51 79
1915 107,978 | 5,427,000 50 85
1920 112,759 1 7,144,000 63 88
1925 110,296 | 6,185,000 56 89
1926 - 5,785,000 - 89

Investigations for an Additional Water Supply for
Lowell.

In accordance with the requirements of the resolve, the
Department has made investigations, including a pumping
test, to estimate the practicability of securing an addi-
tional water supply for the city of Lowell and the North
Chelmsford Fire District from the ground in the area
within that portion of the town of Chelmsford lying near
the Merrimack River west of the mouth of Stony Brook.
These investigations have been made with the object of
determining as closely as may be the probable additional
quantity of suitable water that can be obtained from the
area in question and whether that quantity added to the
safe yield of the Boulevard wells would be adequate for
the requirements of the city and for how long a time.

It is difficult to make an exact estimate of the probable
yield of the present sources. Observations of the height of
the ground water in the Boulevard well field in recent years
show that the maximum height is attained usually in the
summer months, June, July and August. Following the
latter month usually the level of the ground water begins
to lower and has been lowest ordinarily in the months
from January to the early part of April. It then rises very
rapidly, nearly to the maximum height, often within a few
days and continues to rise slowly during the remainder of
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the spring. The water level runs much lower in dry years,
especially in dry winters, than in seasons of greater rain-
fall. The yield is subject to change also with the condi-
tion of the wells, and the maximum yield is obtained when
the wells are frequently cleaned out or redriven. There has
been a gradual increase in the number of wells since this
well field was first used as a source of water supply, but
the quantity of water drawn in recent years with more
than three times the number of wells installed is not mate-
rially greater than was the case with the smaller number of
wells used in the beginning. It is probable, so far as can
be judged from the information available, that the safe yield
of the Boulevard wells in a very dry period or in an ex-
tremely cold winter does not much if any exceed 5 million
gallons per day, though to maintain such a yield the well
system must be kept in good working order.

As has already been indicated, it has been necessary at
times to draw water from the Cook and Hydraulic wells,
notwithstanding the fact that the water from the latter
sources attacks lead pipes to the injury of the public health.
The quantity of water drawn from each group of wells since
1915 is shown in the following table:
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Table showing Quantity of Water Drawn from the Cook and Hydrauli
and Boulevard Wells.

[Gallons per Da;

. . Per CentCook and Boulevard fromKydrauhe wen s Total.i Cook andWells. V' eUB ‘ Hydraulic
Wells.

15.4

1.1

18 6.4

11 0.7

14.6

11.7

18.4

6,031,042 6,321,966 ! 4.6

40,192 ! 3.0

iffer slightly from the gallons consumed as
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The probable yield of the Cook and Hydraulic wells has
not been satisfactorily determined, but, so far as available
information shows, these sources are hardly likely to yield
by themselves in a very dry period much if any in exces
of 2,500,000 gallons per day. Using the two sources to-
gether it seems probable that the minimum yield of the
Cook wells would come somewhat earlier in the year than
that of the Boulevard wells, and it is not unlikely that the
minimum yield of the two groups of wells when used to-
gether may be somewhat greater than the sum of the esti
mated minimum yields of the two sources and may possibly
amount to 8,000,000 gallons per day.

The quantity of water used by the city of Lowell in-
creased very rapidly in the earlier years after the worl-
were first introduced and by 1900 had reached a total of
7,893,000 gallons per day. Following the year 1901 by the
general introduction of meters the consumption of water was
greatly reduced and remained below 6,000,000 gallons per
day until 1916. It rose again in the year 1918 to 7,544,000
gallons per day, and again in 1920 to 7,144,000 gallons per
day. In 1926 the consumption had fallen to 5,785,000 gal-
lons per day. The maximum consumption in some years
occurs in the winter months, however, and in very cold
winters the monthly consumption sometimes for two months
together has exceeded 8,000,000 gallons per day.

Whether the Boulevard wells can be made to continue
to yield as much water as in the past is somewhat uncer-
tain since the quantity of iron in the water is very large and
appears to be increasing. With this tendency the difficulty
of obtaining water mav increase as time goes on. Investi-
gations with a view to enlarging the supply by extending
the area reached by the wells have been made by the
Lowell Water Department from time to time with results
which show quite clearly that the conditions are not favor
able for extending the wells along the river in a westerly

direction because of the unfavorable character of the mate-
rial found there. It would be practicable to extend the
wells in an easterly direction and obtain possibly a some-
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what larger yield, but these wells would draw from areas
already quite thickly populated and which are likely to be-
come more and more populous in the future, and it is un-
likely that any permanent material addition to the supply
can be obtained by extensions of the well system in this
field.

If the Cook and Hydraulic well water can be purified
sufficiently for use the available supply for the city of Lowell
would be increased to about 8,000,000 gallons per day,
which would be ample for the needs of the city under pres-
ent conditions and might continue to meet its requirements
after satisfactory industrial conditions have been re-estab-
lished, possibly for the next ten to fifteen years.

There are various methods by which the Cook and
Hydraulic well water might be treated for the removal of
carbonic acid so as to prevent action of the water upon
the lead service pipes. The water of the Cook wells is not
affected by an excess of iron, but the water of the Hydrau-
lic wells contains considerable quantities of iron which are
likely to increase, as is usually the case with the water of
such sources. It will be necessary then in treating the
water of the Cook and Hydraulic wells, which are operated
together, to provide for the removal of iron as well as the
excess of carbonic acid. It seems probable that the most
effective plan for securing satisfactory results in the treat-
ment of this water would be to treat it in connection with
the water of the Boulevard wells which contains much
less carbonic acid than that of the Cook wells. By mixing
the two waters it is likely that a smaller amount of iron
would be present in the water actually treated than is the
case with the Boulevard wells alone, and dilution with the
water of the Boulevard wells would have a tendency to
reduce the quantity of carbonic acid present in the two
waters taken together. It should be noted, however, that
the quantity of carbonic acid in the Boulevard well water
is quite high, though after treatment it is not high enough
probably to cause the water to attack lead pipes seriously
unless allowed to stand in the pipes for a considerable time.
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The cost of conveying the Cook and Hydraulic well
water by pumping to the Boulevard treatment works on
the north side of the river has been estimated with the
result that it is probable that the construction cost of the
works will be about $250,000. The maintenance cost will
probably not greatly exceed the cost of maintaining and
operating the pumping plant at the Cook wells at the
present time. If this plan were adopted it would be neces-
sary to enlarge the Boulevard treatment plant, providing
for aeration of the Cook and Hydraulic well water as re-
ceived at the plant besides enlarging the filtration works.

The total cost of these works excluding any purchase of
land for the protection of the Cook and Hydraulic well
supply would probably be about $400,000 besides the cost
of maintenance and operation. The cost of maintenance
of the present filters in recent years for which details are
obtainable from the records of the Lowell Water Depart-
ment is estimated to be from $9 to $lO per million gallons
of water filtered. Assuming a consumption of water from
the Cook and Hydraulic wells of million gallons per
day, the total annual additional cost of maintenance would
amount to about $8,500 per year to which should be added
the probable extra cost of pumping, making the capitalized
cost of the work as follows:

Estimated Cost of Treatment of Water from Cook and Hydraulic Wells
in Connection with Water from Boulevard Wells.

Construction cost of pipe line, addition to filters and
aerator $400,000

Capitalized cost of filtration 212,500
Capitalized cost of second pumping at West Sixth Street . 337,500

Total estimated capitalized cost 1950,000

The above estimate does not include the cost of pumping
at the Cook well plant, nor the cost of restoring the pres-
ent filters to satisfactory operating condition.
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Investigations as to a Water Supply from North
Chelmsford.

Investigations have been made to ascertain the probable
quantity of water obtainable from the ground in North
Chelmsford in the area lying between the Boston & Maine
Railroad and the south bank of the Merrimack River and
extending from the neighborhood of Deep Brook to a point
oppposite the southerly end of Tyngs Island. The tract
includes about 190 acres. In this tract 22 wells have been
driven covering the entire area at points approximately 500
feet apart, and samples of the material from the various
wells have been analyzed mechanically to determine its
porosity.

At the upper end of the area opposite Tyngs Island ledge
was encountered so near the surface as to make it imprac-
ticable to obtain water from the ground in that region.
In a very limited section near the bank of the river in the
northwesterly part of the area the soil was found to be
very porous. In the remainder of the area the material is
somewhat fine and it was found impracticable to operate
tubular wells without the use of strainers, while in some
places the material was too fine to yield any very con-
siderable quantity of water even with long strainers. The
most favorable conditions for obtaining water were found
in the central and southeasterly portions of the area where
wells with strainers yielded water quite freely when pump-
ing with a hand pump.

In order to test the probable yield of the ground in this
region a group of 15 test wells were connected to a suc-
tion main and pumping was begun about the middle of
October and continued until the great freshet in the river
overflowed the area, as a result of the excessive rainfall
on November 3 and 4. Water was pumped from the wells
during a period of fourteen days at an average rate of
about 700,000 gallons per day, all the water being dis-
charged directly into the river. Observations were made
of the height of the ground water during the test in un-
connected wells in various parts of the area, the results
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showing that the ground water went steadily down at this
rate of pumping which was increased somewhat in the last
two or three days until the occurrence of the freshet put
an end to the test. The results show that pumping at
the rate indicated affected the ground water throughout all
parts of the area. The season was a most unfavorable one
for the purpose of such a test. The rainfall became excessive
early in the summer and the total precipitation in the
months from July to October in the neighborhood of Low-
ell was greater than has occurred in those months for many
years.

Considering the conditions in connection with the yield
obtained from these wells it seems hardly probable that a
system of tubular wells in this area could be relied upon
to yield continuously much if any in excess of 1,500,000
gallons per day in a very dry period.

The quality of the water obtained from the ground in
this locality was determined by numerous analyses of sam-
ples of water collected at frequent intervals during the
pumping test. The results show that the water was soft,
clear and colorless, comparing favorably with the residts
of the analyses in the earlier years of the water of the first
group of wells installed at the Boulevard area on the north
side of the river. It is probable that if this source were
used continuously it would furnish water of good quality
for a few years at least, but it also seems probable, judging
from the experience with wells in similar soil at several
points along the river, that the quality of the water would
deteriorate and become affected by an excess of iron and
other mineral matter which would make it necessary to
treat the water in much the same way as the water of the
Boulevard wells is now treated before being supplied to
the city.

Analyses were also made to determine the amount of
free carbonic acid present in this water during the period
of the pumping test. The results show that that quantity
was high and that the water might act seriously upon lead
pipes. It is uncertain whether the quantity of carbonic
acid would increase or diminish with the constant use of



28 HOUSE No. 302. [Jan.

the wells, but so far as the test discloses the water can
hardly be considered a safe one to introduce into the dis-
tributing system unless a reduction is first effected in the
quantity of carbonic acid present in the water.

While it is possible that this water could best be sup-
plied to the city by a main laid to connect with the city
mains on the south side of the river, it seems probable
that a more advantageous method of utilizing the supply
would be to pump it across the river, mix it with the
water of the Boulevard wells, and treat it at the filtration
works.

The probable cost of a water supply from this area,
assuming that it would be pumped across the river to the
present plant, is as follows:

Development of North Chelmsford Site Estimated Cost of Construction.

The above estimate does not include any allowance for
the cost of land; furthermore the location of the wells is
quite close to the village of North Chelmsford and to a
main state highway leading north, and a considerable area
of land with possibly one or two neighboring buildings
would have to be acquired in order to protect the supply
from danger of deterioration by pollution of the ground
water in the future.

It seems probable that the total cost of a supply from
this source would be greater than that of bringing the
water of the Cook and Hydraulic wells across to the Bou-
levard area and treating it there, provided the water from
the Cook wells could be rendered safe for use, but if it
should be decided to take first the Cook wells and sub-

150 2J/o-inch driven wells and suction mains §70,000
Pumping station and equipment 35,000
Force main to Boulevard filters 75,000
Capitalized cost of filtration of 1.5 m.g.d 130,000
Capitalized cost of pumping to Boulevard filters .

Capitalized cost of low service pumping at West Sixth
226,000

Street 205,000

Total cost excluding purchase of land ....
§741,000
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sequently use the North Chelmsford area with the idea of
relying upon water from the latter area for a further ex-
tension of the supply when necessary, it would be important
to secure the land needed for the wells in the latter area
and for their protection at once before the region is occu-
pied in such a way that it will be impracticable to secure
the supply at a reasonable cost.

By using the Cook well water and the water from the
area near North Chelmsford in connection with the wells
at the Boulevard a supply could probably be obtained
sufficient to last the city for the next twenty to twenty-
five years or possibly longer, depending upon the growth
of population in Lowell and its adjacent communities, Dra-
cut and North Chelmsford, which are likely to require a
supply therefrom. If the Cook and Hydraulic wells and
wells in the North Chelmsford area are used, however,
there is likely always to be a considerable degree of un-
certainty as to the action of the water upon lead service
pipes and as to the effect of its use upon the public health.

Salmon Brook considered as a possible source of water
supply for Lawrence and Methuen as well as for Lowell
and Dracut has been quite fully described in previous re-
ports and during the past year this source has been given
further consideration with a view to its use as a water
supply for the four municipalities mentioned. The brook
takes its rise in Groton at the boundary between Groton
and Ayer and flows in a generally northeasterly direction,
crossing the easterly portion of Groton, the extreme north-
westerly corner of Tyngsborough, and through the center
of the town of Dunstable, to a confluence with the Merri-
mack River which it enters in the city of Nashua, N. H.,
about a mile below the mouth of the Nashua River.

A practicable method of developing a water supply from
this stream is to construct a dam across the brook at the
highway leading from Dunstable to East Peppered a little
over one-half a mile southwest of the village of Dunstable.
Within the watershed above this point, which has an area

Salmon Brook.



30 HOUSE No. 302. [Jan.

of 15.4 square miles, there are no villages and the region
is very sparsely populated. The water is soft, quite low
in color for surface water, and is naturally of excellent
quality for water supply uses. Two reservoirs are already
in existence on this stream which are said to be controlled
by the owners of the power in Nashua near the mouth of
the brook. The lower reservoir, known as Massapoag
Pond, which is divided into two portions, has an area
according to the State map of about 168 acres and may
have a storage capacity of about 400,000,000 gallons. This
reservoir has been in existence for many years and the
water so far as analysis shows, though somewhat colored,
is of good quality in other respects for water supply uses.
More recently an additional reservoir has been constructed
at the Cow Pond Meadows, so called, near the head waters
of the brook which has an area of about 200 to 250 acres
and a storage capacity of about 400,000,000 gallons. In-
vestigations have shown that by the construction of a dam
at the Dunstable-East Peppered highway a reservoir could
be created on this stream which would have a capacity
between elevations 150 and 185 above mean sea level of
about 3,000,000,000 gallons, raising the present level of
Massapoag Pond about 22 feet and of the lower Massa-
poag Pond about 32 feet. The area which would be flowed
by this reservoir beyond the limits of Massapoag Pond is
generally wooded and contains very little cultivated land.
The soil is for the most part coarse gravel covered with a
very thin layer of loam or leaf mould. There are a num-
ber of cottages or camps about the pond which are occu-
pied in most cases only in the summer season. It is prac-
ticable to enlarge the watershed by diverting into Salmon
Brook the flow from about 4.2 square miles of drainage
area at the head waters of Unquetenassett Brook, a tribu-
tary of the Nashua River lying adjacent to Salmon Brook
on the west, by means of a low diversion dam and a chan-
nel through a low point in the natural divide between the
watersheds. By diverting the flow from this area into
Salmon Brook the total drainage area would be increased
to 19.6 square miles. If the reservoir were properly pre-
pared for the storage of water by the removal of stumps
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and other surface vegetation the water is likely to have
very little color and, excepting possibly for a few years in
the beginning, could probably be supplied directly to con-
sumers without filtration and would be similar in quality
to most other surface water supplies from similar drainage
areas. The estimated safe yield of Salmon Brook with the
addition of Unquetenassett Brook and the use of the exist-
ing reservoir at Cow Pond Meadows is 14.5 million gallons
per day.

The average daily consumption of water in the cities of
Lowell and Lawrence and the towns of Methuen and Dra-
cut taken together in 1926 was 12,000,000 gallons per day.
Consequently, Salmon Brook alone will yield but little
more water than is used by the municipalities in question
at the present time. Investigations show, however, that it
is practicable to divert the water of Long Pond, which is a
tributary of the Nashua River in Ayer, into the upper end
of the Salmon Brook watershed, thus adding 1.5 square
miles to the area, and by increasing the storage and rais-
ing the level of the reservoir at the Cow Pond Meadows
the total yield of these sources could be increased to about
17.4 million gallons per day, a quantity which would be
adequate for these municipalities possibly for the next fif-
teen or twenty years. At the end of that time a further
supplementary supply would be required which can prob-
ably most readily be obtained by the diversion of water
from Mulpus Brook, a tributary of the Nashua River from
the north, into Long Pond and thence into the Salmon
Brook watershed.

Mulpus Brook at a point about one-quarter of a mile
above North Shirley village drains an area of 13.8 square
miles. By the addition of Mulpus Brook the total yield
of the supply could be increased to about 25,000,000 gal-
lons per day, or a little over twice the quantity of water
used by these municipalities at the present time, and might
last for a period of thirty-five to forty years. The water
of Mulpus Brook is very highly colored, but the color
would probably be largely eliminated in passing through
the storage reservoirs on Salmon Brook. Its watershed is
sparsely populated at the present time, and by taking the
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water above Shirley Center and North Shirley danger of
drainage from these villages could be avoided.

The Mulpus Brook addition, which would be required
about 1940 to 1945, would cost according to previous esti-
mates $1,129,800, exclusive of land and water damages.
By developing Salmon Brook, Long Pond and Mulpus
Brook in the manner described, it would be practicable for
Lowell, Dracut, Lawrence and Methuen to obtain jointly
a quantity of water a little over twice as great as the
aggregate amount now being used for the supply of those
municipalities, and that quantity of water is likely to last
for the next forty years, more or less, depending upon the
rate of growth of population of the area to be served.
Beyond that time a further supplementary supply could
be obtained from tributaries of the Squannacook River,
provided the watersheds of those streams remain practi-
cally free from population as at the present time.

The foregoing estimates are summarized in the following
table:

Summary of Scheme for Taking Water for the Joint Use of Lawrence,
Methuen, Lowell and Dracut from Salmon Brook supplemented
with Water from Long Pond and Mulpus Brook.

q f Cost tO
Drainage Qfnro „n v - i j Deliver

Area (S (Million t
t
h
Q

e
p
SuP Pntter “

Oiuly). Sites.

Salmon Brook:
Salmon Brook proper . . 5.7 2,970

Unquetenassett Brook . . 4.2 - [ $4,683,500
Cow Pond Meadows Reservoir . 9.7 400 I

19.6 3,370 14.5
Cow Pond Meadows Reservoir (level - 2,850 ]

raised) !> 655,000
Long Pond 1.5 200

21.1 6,420 17.4
Mulpus Brook 13.8 - 1,129,800

Total 34.9 6,420 25.0 $6,468,300
Possible development in remote future: l

Upper Squannacook River . 40.8 3,000 2

Total 75.7 9.420 50.0*

1 Conditioned on enlargement of storage in Cow Pond Meadows Reservoir and a second
aqueduct from Salmon Brook to Lowell and Lawrence.

2 Approximate.
8 Or more.
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The estimated cost of a joint water supply system to
last Lowell, Dracut, Lawrence and Methuen for the next
forty years or more as given in the foregoing table is in
round numbers 86,500,000. This estimate provides for de-
livering the water from Salmon Brook Reservoir by gravity
to the present filters or the present low service pumps of
Lowell and Lawrence in case filtration should be found
unnecessary. In that case Methuen would naturally be
supplied from a main pipe connected with the low service
system of the city of Lawrence. It would still be neces-
sary to pump for the high service supply of Lawrence and
also for the supply of Methuen, though it is probable that
it would be found economical to do all the high service
pumping for both Lawrence and Methuen at a single
station.

Further study of the distribution requirements of the
cities of Lowell and Lawrence might show the desirability
of additional low service distributing reservoirs, and it is
probable that additional distributing reservoir capacity will
be needed, though perhaps not in the beginning. In con-
nection with such an improvement of the distributing sys-
tems a reservoir might be constructed for the use of the
Lowell district on high ground between North Chelmsford
and Salmon Brook Reservoir and a second reservoir for
the use of Lawrence and Methuen might be located at
some convenient point in the town of Methuen, probably
on the northerly slope of Fosters Hill near the present
Methuen Reservoir. A careful study of such distribution
requirements, however, may show that considerable econ-
omy could be effected by the construction of joint pump-
ing works at the Salmon Brook Reservoir to raise the water
to a new reservoir between North Chelmsford and Salmon
Brook and to a new reservoir on Fosters Hill or some other
hill in Methuen which could be used in connection with
the present low service reservoirs in Lowell and Lawrence.
If filtration were deemed desirable in connection with such
a plan, however, new filters would have to be constructed
near Salmon Brook Reservoir, and in that case the scheme
might cost more than that of conveying the water by
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gravity from Salmon Brook to the present filters at Lowell
and Lawrence.

If the storage reservoirs on Salmon Brook were thor-
oughly prepared for the storage of water by removing all
soil and organic matter from the areas flowed, a water low
in color and in other respects of satisfactory quality could
be obtained without filtration. If less thorough prepara-
tion were given the storage reservoirs a considerable saving
in cost could be effected, but the water for the first few
years, probably from five to ten years at least, would be
likely to be affected somewhat by the soil and vegetation
on the area flowed. The use of the filters might even-
tually be discontinued and, while it is important to store
filtered water in covered distributing reservoirs to prevent
deterioration, the estimates herein made do not provide
for filtration or for covering the distributing reservoirs in
connection with which this water would be supplied.

Wachusett Reservoir is high enough to supply water by
gravity to the cities and towns in the Merrimack River
valley. Its water is clear and practically colorless and
can be used without treatment of any kind. It could be
supplied in the city of Lowell without danger of causing
injury to health from action on lead pipes, as is clearly
shown by experience in the Metropolitan district where
lead pipes are largely used. In recent years, owing to the
use of water beyond the capacity of its watershed, Wachu-
sett Reservoir has been drawn to a very low level, but pro-
vision has now been made by the Legislature for intro-
ducing additional supplies from rivers farther west which
will furnish water of the same excellent quality as that now
supplied from Wachusett Reservoir. These additional
sources are capable of being developed to furnish, in con-
nection with Wachusett Reservoir, an ample supply for a
great many years in the future for all the district which

for Cities and Towns in the Merrimack River
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is likely to be dependent upon them for water for domestic
uses. The elevation of Wachusett Reservoir at high water
is about 395 feet above mean low water at Boston, or
about 390 feet above mean sea level. In ordinary use,
until the excessive draft of recent years, it has never been
drawn more than 16.7 feet below high water. When the
new supplies become available, which will be three or four
years hence, the reservoir will no doubt be maintained in
its usual condition in earlier years and will rarely, if ever,
be drawn more than 10 to 12 feet below high water at
any time.

As a result of surveys and investigations a practicable
route for a conduit and pipe line for conveying water from
Wachusett Reservoir to the Merrimack River valley has
been selected and is shown on the accompanying plan.
At its upper end the conduit would be connected through
the present gatehouse at Wachusett Reservoir and it is as-
sumed that the reservoir will not be drawn below grade
365 above mean sea level. This head allows for a suffi-
cient slope for a conduit of reasonable size to the Merri-
mack River valley. From Wachusett Reservoir the con-
duit would be constructed along the slopes of a high ridge
running in a northeasterly direction as far as the north-
easterly end of the ridge near Littleton station, a distance
of 13.4 miles with an average diameter of 66 inches. From
Littleton the conduit would be constructed of cast-iron
pipe 54 inches in diameter for a distance of 9.5 miles to a
proposed reservoir on Pine Hill in Chelmsford 3.5 miles
west of the center of the city of Lowell. At Pine Hill it is
practicable to build a reservoir of large size at an elevation
275 feet above mean sea level and above the higher of the
two low service distributing reservoirs of the city of Lowell.
From this point a pipe line 48 inches in diameter would
continue in an easterly direction across the southerly part
of the city of Lowell and across the Concord River to the
south bank of the Merrimack River near Hunts Falls and
would cross the river to the northerly bank near the lower
end of Hunts Falls. From this point several routes are
available and a line has been selected following the north



From Wachusett Reservoir to Littleton Sta-
tion:

pipe $2,036,765

Pine Hill Reservoir, 50,000,000 gallons’ ca-
pacity 275,000

Lawrence and Methuen $5,024,885
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bank of the river to Bartletts Brook and thence northeast-
erly through the center of Methuen, terminating at a res-
ervoir on the northerly side of Fosters Hill where it is
practicable to construct a reservoir of considerable size in
sections from time to time as needed. This reservoir would
have an elevation of 215 feet above mean sea level or
8 feet above the level of the low service reservoir of the
city of Lawrence.

This conduit would have a maximum capacity of 40,-
000,000 gallons per day from Wachusett Reservoir to Pine
Hill, a maximum capacity of 15,000,000 to 20,000,000 gal-
lons per day from Pine Hill to Lowell, and of 8,000,000
to 10,000,000 gallons per day from Lowell to Methuen.
The conduit from Wachusett Reservoir to Pine Hill Reservoir
would be adequate to meet the needs of the communities of
Lowell, Dracut, Lawrence and Methuen probably for the
next forty to fifty years. From Pine Hill throughout the
remainder of the length of the conduit to Methuen the
pipes would be constructed of smaller comparative capacity
in the beginning to be supplemented in part or in whole
whenever necessary. In the size here suggested for these
lines the carrying capacity would be sufficient to meet the
requirements of these cities for from fifteen to twenty
years. The estimated cost of the entire work, including the
reservoirs, is as follows:

Littleton station to Pine Hill Reservoir in
Chelmsford:

Pine Hill Reservoir to North bank of Merri-
mack River at Hunts Falls:

Total for joint use of Lowell, Dracut,

7.0 miles of 48-inch cast-iron pipe . . 1,129,500

9.5 miles of 54-inch cast-iron pipe . . 1,583,620

13.4 miles of 66-inch reinforced concrete



Fosters Hill Reservoir -
, 75,000,000 gallons’

capacity 492,315

$1,520,965
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From the North bank of the Merrimack
River at Hunts Falls to Fosters Hill in
Methuen:

Assuming that the construction cost would be paid for
by means of serial bonds payable in thirty years, the annual
cost, assuming an average rate of bond payment with in-
terest at 4 per cent, would be about $480,000 per year in
the beginning.

In addition to the above amount it would be necessary
to pay for the water purchased from the Metropolitan Water
District from Wachusett Reservoir. This amount would be
determined by the Metropolitan District Commission, and
the best basis of estimate of the charge for the water at
the present time is that furnished by the charge made
to the city of Worcester which has used much water from
the reservoir in recent years. This amount is $4O per
million gallons. The aggregate quantity of water used in
the four municipalities under consideration during 1926
was 12,000,000 gallons per day, or a total of 4,380,000,000
gallons per year. At $4O per million gallons the cost of
water for 1926 would have been $175,200 per year, which
added to $480,000, the estimated cost of interest and bond
payments on the cost of construction, would make a total
annual charge for the four municipalities in question of
$655,000, or about $2.84 per capita per year. The total
annual charge for water by the Metropolitan Water Dis-
trict would vary from year to year increasing with an in-
creasing use of water but whether any change is likely to
be made in the charge per million gallons it is impracti-
cable at present to determine. Serial bond payments
would presumably be equal over a period of thirty years
and at the end of that time would cease. The interest

Total cost, excluding land damages .... $6,545,850

Total for Lawrence and Methuen alone

10 miles of 36-inch cast-iron pipe . . $1,028,650
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charges would diminish as the bond payments were made
and these would also cease at the end of thirty years. If
a water supply were obtained from Wachusett Reservoir
the cost of maintenance and operation of filters and all
costs for low service pumping at Lowell and Lawrence
would cease. In recent years the average aggregate cost
of filtration and low service pumping in Lowell and Law-
rence has amounted to about $200,000 per year.

Comparison of Cost of a Water Supply from Wachu-
sett Reservoir and from Salmon Brook.

The charges to the various municipalities concerned for
water supplied either from Salmon Brook or Wachusett
Reservoir will depend upon the method adopted for divid-
ing up the work and assessing the costs. The aggregate
population of Lowell and Dracut is at present about the
same as the aggregate population of Lawrence and Me-
thuen, and the total aggregate amount of water used in
1926 was about 12,000,000 gallons per day, of which Lowell
and Dracut used 5,913,000 and Lawrence and Methuen
6,098,000, or approximately 6,000,000 gallons per day for
each group. In the following table is presented a com-
parison of the cost of works for taking water from Salmon
Brook and from Wachusett Reservoir, assuming that the
cost of construction as far as the city of Lowell would be
divided between all four municipalities and the cost from
Lowell to Methuen would be divided between Lawrence
and Methuen alone;
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Estimated
Construction
Cost
of
Joint

Water
Supply
If
oris
for

Lowell
and
Dracut,

Lawrence
and
Methuen.

[Estimated
to

last
for
40
to
45
years.)

Salmon
Brook
Supply.

Wachusett
Supply.

Lawrence
and
Methuen.

Lowell
and

Dracut.

Lawrence
and
Methuen.

Lowell
and

Dracut.

Initial
Development.

$200,000

1928

$200,000

500.000

1929

500,000

800.000

1930

300,000

800.000

1931

300,000

824,620

1932

258,920

Initial
Development.

$200,000

1928

$200,000

800,000

1929

500,000

1.000.

1930

700,000

1.000.

-1931,
700,000

895,900
.1932

549,950

$3,124,620

$1,558,920

$3,895,900

$2,649,950

$4,683,540 1935

Raise
Cow
Pond
Brook

Reservoir
and
divert

Long
Pond

$327,500

$327,500

$6,545,850 1940

Duplicate
Line
Pine
Hill

Reservoir
to

Lowell

$564,750

$564,750

$655,000 1942

Extension
to

Mulpus
Brook
to

last
until

1970

$564,900

$564,900

$1,129,500 1958

Duplicate
Line
Lowell
to

Methuen.

$1,028,650

$1,129,800

$4,017,020

$2,451,320

$1,028,650

$5,489,300

$3,214,700

$6,468,340

$8,704,000
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In comparing the relative advantages of a water supply
for these municipalities from Salmon Brook and from Wa-
chusett Reservoir it should be said that the Wachusett
supply is capable of development for an indefinite num-
ber of years in the future and will no doubt continue to
furnish water of excellent quality without treatment of any
kind. A supply from Salmon Brook can be supplemented
so as to last for many years, probably as many as forty
years at least. At the end of that period a large addi-
tional supply would become necessary, the source of which
cannot be determined with certainty at the present time.
Presumably it will be practicable to obtain water from
tributaries of the Squannacook River, but changes in con-
ditions may make such a source undesirable or the avail-
able supply inadequate, but it will still be practicable, if
the Salmon Brook source is selected, to divert into it if
need be in the future water from Wachusett Reservoir.

The estimates as to the quantity of water obtainable
from Salmon Brook and as to the times when auxiliary
supplies from Mulpus Brook or the Squannacook River
will be needed are uncertain. Salmon Brook is an inter-
state stream and it may be found necessary to allow very
considerable quantities of water to run past the dam if
this source is used in order to avoid excessive expense for
damages. In that case the construction of works for taking
water from Mulpus Brook and from the Squannacook
River, if that source is found available, might be required
at a considerably earlier time than is herein estimated.

The present water supply of the North Chelmsford Fire
District is unsatisfactory on account of its limited quan-
tity, but especially on account of the character of the
water. It is affected by an excess of iron and organic
matter and is also, like other waters in this region, affected
by the presence of a large amount of carbonic acid. An
ample supply for the village might be obtained from the
area in which the recent test was made near North Chelms-
ford, but while this water would doubtless be free from

Water Supply of North Chelmsford Fire District.
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an objectionable excess of iron or organic matter for a
time, it would probably deteriorate in quality with con-
tinued use and would be likely to be affected by a large
quantity of carbonic acid. It might be to the advantage
of North Chelmsford to join with other municipalities in
this region in securing a water supply from either Salmon
Brook or Wachusett Reservoir, and the matter should re-
ceive the careful consideration of the district before at-
tempting to develop a new source or to treat the water
from the present sources of supply.

Water Supply Needs of Other Cities and Towns in
Essex County and Adjacent Portions of Middlesex.

Of the remaining municipalities in this section of Essex
and Middlesex counties, the most important is the city of
Haverhill, situated on the Merrimack River about 6.5 miles
from Lawrence and adjacent to the town of Methuen on
the east. The water supply of Haverhill is derived at
present from Crystal Lake, Kenoza Lake, Lake Pentucket
and Millvale Reservoir, situated north of the Merrimack
River, and from Johnsons Pond and its tributaries, includ-
ing Hoveys Pond and Chadwicks Pond, south of the river.
The quantity of water which these sources are capable of
supplying is ample for the present needs of the city of
Haverhill and of the town of Groveland, which is also
supplied from the Haverhill works.

The population of the city of Haverhill has increased
steadily and quite rapidly for many years, though owing
to a depression in its principal industry the population has
declined somewhat in the past five years. There is no
reason to doubt, however, that conditions will improve
and that the growth of the city will continue in the future,
and in that case an additional water supply will in time
be required. There has been considerable demand that
some of the lakes which supply the city with water shall
be made available for recreational purposes, and one of
the lakes formerly used for water supply was given up
several years ago for recreational uses. It is likely to be
increasingly difficult and expensive under the conditions
existing in this district to protect the purity of the present



Conclusions.
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water supplies, especially if the population again begins to
increase in the city and the region about it. Recreational
demands may again lead to the giving up of some of the
sources of supply for that purpose or perhaps to the neces-
sity of filtering the water which would be an expensive
undertaking since the sources of supply are for the most
part independent and widely scattered. It would easily
be practicable to supply the city of Haverhill and town
of Groveland from works designed to serve the other mu-
nicipalities considered if they should desire to join in a
general system for the municipalities farther up the valley.

The town of Billerica may also desire to be included in
a plan which would insure an adequate quantity of good
water since its present sources are becoming affected by
iron to an undesirable degree, a condition which is likely
to be increasingly objectionable as is usual in such cases.

The town of Tewksbury has no general system of water
supply at present and might also find it advantageous to
join in a general water supply system for the municipalities
in this region.

Farther down the Merrimack valley the growth of popu-
lation has been slow for many years, and water supply
needs can probably be met from local sources for a con-
siderable time in the future.

The investigations of the past year show that the city
of Lowell can probably obtain an adequate supply of water
from the Boulevard wells supplemented by the use of the
water of the Cook and Hydraulic wells and by a new
group of wells located in the area on the south side of
the Merrimack River near North Chelmsford, to last until
the quantity of water required amounts to 9,000,000 or
10,000,000 gallons per day or from 50 to 60 per cent more
than that used at the present time. The water from the
Boulevard wells has deteriorated since it was first intro-
duced, but deterioration has been arrested from time to
time by driving new wells or redriving old ones, and with
the present method of treatment and filtration adequately
maintained water of good quality can be obtained from
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this source which is not likely to attack lead pipes to such
an extent as to cause serious injury to health. The water
of the Cook and Hydraulic wells is affected by the presence
of an excessive quantity of carbonic acid, the source of
which has not been definitely ascertained. The wells are
situated in a populous district, large areas of land in the
vicinity being already quite thickly populated, while other
extensive areas are used for cemetery purposes. It is prob-
able that the Cook well water can be treated by some
process which will remove the carbonic acid to a sufficient
extent to prevent the water from acting seriously upon
lead pipes, but with some of these processes the hardness
of the water might be materially increased. The most
promising plan of treating the water probably is to pump
it to the filtration works on the north side of the river
where it can be mixed if desirable with the water from
the Boulevard wells and treated with that water at the
present filtration works or such other treatment provided
as may be found necessary. It will be desirable before
acting on such a plan, however, to make careful experi-
mental investigations to determine as well as possible the
results that can be obtained by practicable methods of
treatment.

The quality of water obtainable from the area on the
south side of the river northwest of North Chelmsford is
likely to be excellent in the beginning, so far as shown
by the recent tests, but judging from the experience with
the Boulevard wells on the north side of the river and
with other wells along the Merrimack River in similar
strata, the water is likely to deteriorate in a few years
so that treatment will become necessary, as in the case
of the water from the Boulevard wells.

The quantity of water obtainable from the area near
North Chelmsford, so far as can be judged from the tests
of the past year, is hardly likely to exceed 1,500,000 gal-
lons per day in a very dry period, though a larger quan-
tity of water can no doubt be obtained under average con-
ditions. The total quantity of water available from all
of the sources, if it is found practicable to render the
water of the Cook wells safe for use, will probably, as
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already indicated, amount to 50 or 60 per cent in excess
of the quantity used during 1926, a quantity which may
last the city of Lowell and the town of Dracut for about
twenty to twenty-five years. Considering, however, the
uncertainty as to the quality of the water and the danger
to health involved in its use in case adequate scientific
control should not be maintained at all times, it may be
found desirable to discontinue the use of these sources at
no distant time in the future.

An excellent water supply can be obtained for the four
municipalities in this part of the Merrimack River valley
either from Wachusett Reservoir or from Salmon Brook
supplementing the latter source from time to time in the
future as may be necessary by the introduction of water
from neighboring drainage areas. The Wachusett supply
would be adequate of course for an indefinite time in the
future, while that of Salmon Brook could be developed so
as to be sufficient for the next forty years at least and
possibly for a longer time.

There is no doubt that a great saving in expense to the
four municipalities would be effected if they should join
in the construction and operation of the works, whether
the supply were taken from Salmon Brook or from Wachu-
sett Reservoir. It is advisable under the circumstances
for the four municipalities to agree upon the source which
they desire to select and also upon some method of organ-
ization, whether by forming a water district or otherwise,
by which the work can be carried on. It will also be
essential that an agreement be made upon a method of
dividing the cost of the work.

If the city of Lowell should desire to maintain its pres-
ent supply for a time but should wish to arrange to join
the other municipalities at a later time, the question of
the proportion of the cost which that city should pay
from the beginning will also require consideration.

Chief Engineer.

Respectfully submitted,


