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Office of the Department of Public Health,
State House, Boston, January 14, 1925.

To the General Court of Massachusetts.
I have the honor to submit to the Legislature the report required by the pro-

visions of chapter 269 of the Acts of 1924, entitled, “An Act Providing for an
Investigation by the Department of Public Health of the Matter of Sewerage and
Sewage Disposal in the Valley of the Concord Eiver.”

Respectfully,

EUGENE R. KELLEY,
Commissioner of Public Health.

REPORT OF THE DEPARTMENT OF PUBLIC
HEALTH UPON THE MATTER OF SEWERAGE
AND SEWAGE DISPOSAL IN THE VALLEY OF
THE CONCORD RIVER.

To the General Court.
In accordance with the provisions of Chapter 269 of the Acts of the year 1924,

the State Department of Public Health has investigated the matter of sewerage
and sewage disposal in the valley of the Concord River and submits the following
report:

REPORT.
The act is as follows:

€be Commontoealtj) of Massachusetts

SENATE

Chapter 269, Acts of 1924.
Section 1. The department of public health is hereby authorized and directed to investi-gate the condition of the Concord river and the matter of sewerage and sewage disposal inthe valley of said river within the limits of the city of Lowell and towns of Billerica andChelmsford.
Said department shall consider and report upon a general system of sewerage and sewagedisposal for the prevention of the pollution of said river and for the removal and disposal

oi the sewage of the city and towns herein mentioned, or parts thereof, including also theremoval or disposal of manufacturing wastes which may contribute materially to the pollutionof said river.
• department may examine in connection with this investigation all sewers discharginginto said river or its tributaries within the municipalities herein named, and may enter the
P onuses of any manufacturing establishment for the purpose of making an examination ofme amount and character of any sewage or waste discharged therefrom into the river orv?? tri”utar Y thereof within said municipalities.department shall make such surveys as may be necessary to determine upon locations‘or sewers, drains, sewer outlets or disposal works, and may employ such engineers or other
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assistants as may be necessary for the proper carrying out of the investigation and the nrenaration of plans, and may expend therefor such sum as may hereafter be appropriated rLexceeding three thousand dollars. ’ 1

The expenses incurred under this act shall be reported by the said department to the eovernor and council, and shall, when approved by them, he paid out of the state treasury'
Said department shall apportion the amount of the expenses so paid upon the municipalitiesherein mentioned, in proportion to the benefits derived by each from the work doneunderauthority of this act, and, subject to the provisions of section two, the amount so apportionedon each municipality shall be assessed, collected and paid over to the state treasurer in thesame manner and at the same time as state taxes. All reports under this act shall be madeby said department to the general court on or before the second Wednesday in January
nineteen hundred and twenty-five.

Section 2. This act shall be submitted for acceptance to each of the municipalities ofLowell, Billerica and Chelmsford, acting through its city council or selectmen. Any or allof said municipalities may accept the same, and each may, in its vote of acceptance, limitits liability to assessment under section one to such part of the expenses as will not exceedits proportionate share as thereafter determined under said section, or it may, in said voteassume the proportionate shares of either or both of the said other municipalities. Everysuch vote of acceptance shall be returned to the commissioner of public health, and this actshall take full effect upon said commissioner’s certifying to the state treasurer that by a voteor votes of acceptance as aforesaid the entire expense to be incurred has been assumed. For
the purpose of acceptance as aforesaid, this act shall take effect upon its passage. 1 A nvrovedApril 18, 1924.

The Department has examined the Concord River valley within the limits of
the city of Lowell and towns of Billerica and Chelmsford and has caused an in-vestigation to be made by its engineer to determine the condition of the river
within these limits, the quantity of sewage and drainage, the character and
quantity of industrial waste entering the stream, and the practicability and prob-
able cost of installing works for the removal from the river and disposal of sewage
and such manufacturing waste as materially pollute the river or its tributary,
Hale’s Brook.

The Concord River is formed by the confluence of the Sudbury and Assabet
rivers at Concord and flows thence northeasterly to the Merrimack River atLowell.
The watershed of the Concord River above Billerica includes all or large portions
of several cities and towns, in the larger of which the sewage is treated at disposal
works, but the wastes from the industrial works as a rule are not purified and
large quantities arc discharged into the stream at various points without treatment.
There has been a gradual increase in the pollution of the river and its tributaries,
especially in the watersheds of the Sudbury and Assabet rivers. However, for a
considerable distance above Billerica the Concord River receives very little pollu-
tion and its condition in that region is not objectionable at the present time.

The results of the examination of the Concord River between Billerica and its
mouth, .including its tributary, Hale’s Brook, show that the sanitary conditions
are very objectionable throughout most of the length of the river below Lawrence
Street in Lowell and in the lower portion of Hale’s Brook below Newhall Street.
These objectionable conditions result from the discharge of sewage from the city
sewers and of large quantities of industrial wastes directly into the river or Hale's
Brook without treatment . It would be impracticable to treat adequately the large
quantities of sewage and industrial wastes before discharge to the streams, and
the only practicable plan of preventing the serious conditions now7 existing in the
stream is to collect the sewage and wastes and dispose of them in some suitable
manner.

The Department recommends that the sewage and foul industrial wastes be
collected in sewers, as shown on the accompanying plan and disposed of by
means of a submerged outlet in the Merrimack River below the mouth of the
Concord River at a sufficient distance from shore to allow’ the sewage to become
thoroughly diffused in the "water before it can reach the banks.

The method of disposal recommended will not add to the Merrimack River a
much greater quantity of sewage and foul wastes than it now receives, though it
will deliver it directly into the river and thus probably have a greater effect upon
the stream than at present. Furthermore, the collecting sewers herein recom-
mended can be used in connection with suitable works for the relief of the Mer-
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rimack River valley as a whole or with works provided for the treatment of the
sewage of the city of Lowell and its adjacent municipalities.

The estimated ultimate cost of construction of the proposed collecting works and
outfall amounts to a total of approximately $440,000, and is shown in detail in
the report of the engineer which is appended to and made a part of this report.

A provision of the act requires that the Department shall apportion the expense
of the investigation to the city of Lowell and the towns of Billerica and Chelmsford
in proportion to the benefits derived by each for the work done under its authority
in order that the cost of the work may be repaid to the State. A division of such
costs has been made in previous cases by assessing one-third of the cost of the work
in proportion to the valuation and two-thirds in proportion to the population of the
municipalities involved, and this method has had the sanction of legislative ap-
proval in an important previous case. The Department finds that this basis of
division appears to be as equitable as any which it is practicable to devise and,
accordingly, apportions the cost of the investigation one-third in proportion to
valuation and two-thirds in proportion to population upon the city and towns
mentioned in the act, using the valuation as given in Chapter 38i of the Acts
of the year 1922 and the population as given in the report of the United States
census for 1920. The population and valuation of each municipality taken from
these sources, together with the percentage of the total expenditures under the
act chargeable to each city and town on the basis herein selected, are shown as
follows:

Valuation, Percentage of Cost
1090 Census Chapter 381, chargeable to Eachu-u census. Acts of 1922. Municipality.

Lowell 112,759 *149,338,376 91.26
Billerica 3,646 8,146,621 4.29
Chelmsford 5,682 7,144,749 4.45

122,087 $164,628,746 100,00

Financial Statement.
Appropriation $3,000 00
Expenditures:

Salaries of engineers and assistants
.....$2,036 43Traveling expense

........ 265 36Maps, blue prints, etc. . . . 73 70 2,375 49

Balan,,e $624 51

On the foregoing basis, the Department, in accordance with the requirementsot the act, apportions to each of the municipalities mentioned in the act the amounts
given in the following table:

Lowell $2,167 87Billerica 101 91
Chelmsford 105 71

375 49

Of the municipalities mentioned in the act, the city of Lowell has been the only
m le act and, under the provisions of Section 2, has assumed the
flio h.

101at®. s' la.res °[ eac'l °f the other municipalities, hence the entire cost ofwe investigation is to be assessed upon the city of Lowell.
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Office op Chief Engineer,
Department op Public Health,

141 State House, Jan. 6, 1925.

Dr. Eugene R. Kelley, Commissioner of Public Health
Sib : Herewith is submitted a report of an investigation of the condition of the

Concord River and as to the matter of sewerage and sewage disposal in the valleyof said river within the limits of the city of Lowell and the towns of Billerica anil
Chelmsford.

REPORT
The Concord River is formed by the confluence of the Sudbury and Assabet

rivers at Concord and flows thence northeasterly to the Merrimack River atLowell.
At its point of confluence with the Merrimack the river drains an area of 402 square
miles. Above North Billerica there are no dams on the Concord River and the
stream flows for many miles with a very sluggish current through extensive areas
of meadow lands subject to flooding in the winter and spring and at times in other
seasons of the year. The principal tributaries of theriver have a much more rapid
fall than the main stream and much of this fall, especially in the valley of the
Assabet River, is utilized for water power purposes. The upper part of the water-
shed of the Sudbury River, including Lake Cochituate, is used as a source of water
supply for the Metropolitan Water District, but some of the fall of this stream
also is used for power.

The watershed of the river above Billerica includes all or large portions of 23
cities and towns which had in 1920 an aggregate population of 94,125. The larger
of these municipalities and their growth in population in the last 30 years are
shown in the following table:

Population of Cities and Towns in Excess of 5,000 by the Census of 1920 within
the Limits of the Concord River Watershed in Massachusetts.

1890. 1895. 1900. 1905. 1910. 1915. 1920

Concord 4,427 5,175 5,653 5 421 6,421 6,681 6,461
Framingham ....

9,239 9,512 11,302 11,548 12,948 15,860 17,033
Hudson 4,670 5,308 5,454 6,217 6,743 6,758 7,607
Marlborough .... 13,805 14,977 13,609 14,073 14,579 15,250 15.028
Maynard 2,700 3,090 3,142 5,811 6,390 6,770 7,086
Natick 9,118 8,814 9,488 9,609 9,866 11,119 10.90'
Westborough ....

5,195 5,235 5,400 5,378 5,446 5,789

Total 49,154 52,111 54,047 I 58,057 62,393 68,363 69,911

While the greater part of the sewage of the municipalities included in theforegoing
table is treated at sewage disposal works before its discharge into the streams, the
manufacturing wastes from the factories in the valley as a rule are not purified ana
large quantities of such wastes enter the streams at various points. The quantity
of such wastes discharged into the river and its tributaries is increasing and, not-
withstanding the treatment of the sewage, there has been a gradual increase in
the pollution of the river and its tributaries, especially in the watersheds of the
Sudbury and Assabet rivers. For many miles above Billerica the Concord Rivet
receives very little pollution, and its condition in this region is not objectionable
at the present time.

REPORT OF THE ENGINEER.
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District Specified in the Act.

The district with which this inquiry is concerned lies between the southerly
limits of Billerica and the mouth of the river and includes an area of nearly 50
square miles lying in the valley of the Concord River and Hale’s Brook, its prin-
cipal tributary in this region which joins the river on the west about a mile above
its mouth. The following table shows the area of the municipalities located within
this portion of the watershed of the Concord River and its tributary, Hale’s Brook.

a-™ Area in Concord Area in Hale’s
AT i'lf River Watershed Brook Watershed(Square Miles). (Square Mileg) (Square Inch )

25.5 14.8 0.622.5 14.1 13.413.4 3.9 2.0
61.4 32.8 16.0

Billerica
Chelmsford
Lowell

Total

Along its course from North Billerica to Lawrence Street in Lowell the Concord
River isbordered largely by meadows, large portions of which are subject to flooding
at times of freshet, and these areas are unoccupied. Back of these areas the higher
lands on both sides of the stream are occupied by a considerable population which
appears to be gradually increasing. From Lawrence Street to its mouth the river
flows through the densely populated part of the city of Lowell. There are three
dams along the stream in this portion of its course, the upper one of which is situ-
ated just below Lawrence Street, another, known as Massic Falls, near Rogers
Street, and a third, known as the Middlesex Dam, about 850 feet above East
Merrimack Street and 1,800 feet above the mouth of the river. The west bank
of the river throughout this portion of its course is bordered for the most part by
factories and mills with dwelling houses approaching close to the stream in a few
places. Similar conditions are found along most of the east side of the river,
except for a distance of about 1,200 feet below Lawrence Street where a spur track
of theBoston & Maine Railroad occupies the east bank between theLowell cemetery
and the river.

Hale’s Brook was the subject of investigations by this Department under Chap-
ter 92 of the Resolves of the year 1917 and Chapter 24 of the Resolves of the year
1918, reports of which will be found in House Documents 1535 of 1917 and 1335

of 1919. This stream rises in Westford and Carlisle and flows through the central
portion of Chelmsford and the southerly portion of the city of Lowell, and joins
the Concord River as already indicated at a point about one mile above its mouth.
The watershed of Hale’s Brook above the city of Lowell is for the most part sparsely
populated, the only notable centers of population being the villages of Chelmsford
Center and South Chelmsford, but in the lower part of its course it flows through
a populous portion of the city of Lowell for a distance of about If miles above
its mouth. There are three dams along this part of the course of this stream, the
upper one of which, located just above Gorham Street, controls the height ofwater in the brook for a long distance above this point. Between Chelmsford
Center and Cambridge Street in Lowell, which crosses the brook about 3,800 feet
above Gorham Street, Hale’s Brook flows with a sluggish current through exten-
sive meadows which are subject to overflow in the wetter portion of the year.The stream in this part of its course, except for pollution from Chelmsford Center,receives comparatively little foul drainage, and the condition of its waters is notobjectionable at the present time. In this portion of the watershed are locatedthe Cook and Hydraulic wells, so called, from which a part of the water supplyof the city of Lowell is at times drawn.
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Sewerage and Sewage Disposal in the Valley of the Concord River lvBillerica, Chelmsford and Lowell.
The bulk of the population of the town of Billerica is included in the villages ofBillerica Center, North Billerica and South Billerica, but the population of thelatter village is very small. Billerica Center is situated on high land at a distanceof a mile or more from the river and has not yet been provided with a system ofsewerage, for which there appears to be comparatively little demand at the presenttime. At the village of North Billerica the sewage from a large part of the villageis collected in a private sewerage system controlled by the Talbot Mills and con-veyed to a filtration area situated near the west bank of the river about j of amile below the dam. The effluent from the filters is discharged into the river.Near the village of North Billerica also are the car shops of the Boston & MaineRailroad, for the disposal of the sewage from which there has been provided a smallsand filtration area which is inadequate for the proper treatment of all the sewagedischarged upon it. The effluent and some unpurified sewage find their way into

a tributary of the river.

Sewer Outlets on the East Bank.
About 2j miles below North Billerica the sewage from the Wigginville District

of Lowell is discharged at three points along the easterly bank of the river, one
opposite Acton Street, another opposite Warnock Street, and a third near the
point where Lawrence Street crosses the river. Farther down stream there are
storm water overflows at Rogers Street and Chestnut Street on the easterly bank
of the river, and sewers enter the river from the east side, one at Wall Street, a
second at East Merrimack Street, and a third, which is near the mouth of theriver,
about opposite the foot of Brown Street.

Sewer Outlets on the West Bank.
By far the most important of all the sewer outlets entering theriver is the War-

ren Street outlet, so called, which discharges into the river from the west about
750 feet above East Merrimack Street and 1,700 feet from the mouth of the river.
The Warren Street sewer and its tributaries drain nearly the entire area of the
city south of the Pawtucket canal, including the valley of Hale’s Brook, and it is
probable that about 60% of the sewage of the city of Lowell is discharged into the
Concord River through this outlet. It is by far the most serious of all the pollu-
tions which the river now receives.

Pollution of the River by Industrial Wastei
In connection with the investigation of the sanitary condition of the Concord

River within the limits specified in the act, the various industrial establish-
ments along the river have been visited, the quantity of wastes discharged from
each has been measured or estimated as well as practicable under the circumstances,
and the character of many of the wastes determined by analysis. The locations
of the various establishments from which polluting matters are derived are shown
on the accompanying plan.

In these establishments, while in some cases very large quantities of water are
used for industrial purposes in the various mills, some of the water is not badly
polluted and can be allowed to continue to flow into the river probably without
creating objectionable conditions. Portions of the wastes from some of the estab-
lishments, however, and all of the wastes from others, contain such quantities of
putrescible organic matter as to cause serious pollution of the river and its tribu-
taries. The total quantity of industrial wastes discharging into the river was
found in the course of the investigations to amount to nearly 8 million gallons per
day, of which about 3 million gallons are of such a character as to cause serious
pollution of the streams, and in order to maintain proper sanitary conditions m
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these streams this quantity of waste should be removed, together with the sewage
from municipal sewer outlets. Most of these plants are located within the limits
of the city of Lowell and the others in the town of Billerica.

Of the quantities given above, the total quantity of industrial wastes from the
mills in Billerica amounted at the time of this examination to about 1,250,000
gallons per day, and the aggregate quantity, which is of such a character as to be
likely to cause serious pollution of the river, amounted to 565,000 gallons per day.
To this latter figure should be added at least 50,000 gallons of waste from a large
plant which was not in operation at the time of the examination, making a total
of 615,000 gallons as an estimate of the quantity likely to cause serious pollution
in Billerica under ordinary conditions.

The figures given above indicate the quantities of wastes with present equipment
under good business conditions.

Condition of the Concord River and Hale’s Brook in Lowell.
The river above the dam atLawrence Street in Lowell does not show very serious

evidences of pollution at the present time, even in dry weather. Below Lawrence
Street the pollution increases rapidly, its condition becoming increasingly objec-
tionable farther down stream and very offensive below the outlet of the large sewer
atWarren Street. Hale’s Brook in the lower part of its course is also considerably
polluted and its condition objectionable at the present time.

Methods of Relief.
The best practicable plan of relieving the pollution of the river and preventing

the offensive conditions which now exist there will be to provide a main sewer in
the valley of theriver with a tributary sewer in the valley of Hale’s Brook to inter-
cept and remove the sewage and foul wastes which now pollute the stream. Until
the construction of a sewer is undertaken for the relief of the Merrimack River
valley, or until some other method of disposing of the sewage of the city of Lowell
has been selected, the best practicable plan of disposing of the sewage from this
section of the Concord River watershed will be to discharge it into the Merrimack
River below the mouth of the Concord River at a sufficient distance from the bank
to allow it to become thoroughly mixed with the water of the stream at all times.
The intercepting sewers in the valley of the Concord River should be of sufficient
capacity to receive the sewage of Billerica and Chelmsford. Nothing has been
found in the course of this investigation to change the conclusions presented in the
report upon the matter of sewerage and sewage disposal in the valley of the
Merrimack River as published in Senate Document 492 of the year 1924, and
Billerica and Chelmsford can probably dispose of their sewage and objectionable
wastes at less expense in connection with those of the city of Lowell than by any
other plan. Concerning the sewerage of these towns, the following statements are
quoted from that report:

Tor Chelmsford Center two plans of sewage disposal arc practicable, one by pumping thesewage into the sewerage system of North and West Chelmsford and disposing of it uponthe lands indicated near the bank of the Merrimack River northwest of North Chelmsford,and the other by constructing filter beds northeast of Chelmsford Center in the valley of
Hales Brook. While the latter region is somewhat thickly populated, suitable areas can be
found northeast of the village and within a reasonable distance where the sewage could betreated by intermittent filtration upon filter beds which would be quite remote from popu-lated areas at the present time. The latter plan will probably be the more economical, andan estimate of its cost has been included in the tables which follow. . . .

the village of North Billerica is already provided with a system of sewage disposal, thesewage being treated upon filter beds near the west bank of the Concord River a short dis-'»»n°rth of the village. The population in the neighborhood of these filters is increasingand the location is not as desirable a one, if the whole town were considered, as a locationon the opposite bank of the river somewhat farther down stream. An estimate has beenprepared of the probable cost of disposing of the sewage upon filter beds on the cast bank
art jjT’ half a mile or ,more below the North Billerica dam, and is included in tke tablesrecoil aere^o- Material of good quality for filter beds is found in abundance in this
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It is recommended that for the relief of the present pollution of the ConcordRiver m Billerica, Chelmsford and Lowell an intercepting sewer be constructedfrom North Billerica down the valley of the Concord River to Lawrence Street inLowell, where it would cross below the Lawrence Street dam to the west bank andcontinue on this side of the river to and beneath Hale’s Brook to a junction withthe present Lawrence Street trunk sewer at Watson Street.
It is recommended that in order to dispose of the sewage of Chelmsford Centeras well as that of the valley of Hale’s Brook, a main sewer be constructed from theneighborhood of Chelmsford Street in Chelmsford at Golden Cove Brook down thevalley of Hale’s Brook to a junction with the existing main sewer at Short Streetin Lowell, which discharges to the Lawrence Street sewer at Watson Street. ThisLawrence Street sewer, which now discharges at the Warren Street outlet is ofadequate capacity to receive the additional flow of sewage and manufacturing wastewhich would be brought into it by these intercepting sewers from North Billericaand from Chelmsford.
From the present Warren Street outlet it is recommended that a main sewer beextended across the Concord River and down its easterly side to the bank of theMerrimack River and thence to a point of outlet in that stream at least as far asthe channel and about 200 feet below the mouth of the Concord River.
The locations of the sewers herein suggested, together with their size, slope andthe elevations at important points, are shown on the accompanying map.
It is further recommended that the objectionable industrial wastes be dischargedunder suitable regulation either into the existing sewers where possible or to the

proposed new sewers when constructed.
The present objectionable conditions in the Concord River would in part be

relieved if the main sewer were constructed in the beginning as far as the junction
of Billerica and Acton streets in Lowell, thus intercepting all the important seweroutlets and much of the objectionable industrial wastes now discharged into the
Concord River. The sewer could be extended to Billerica whenever it might be-
come necessary at a later time, and a sewer could be provided in the valley of
Hale’s Brook to receive the sewage of Chelmsford Center whenever necessary.

Estimates of Cost.
[Based upon existing prices of labor and material.]

Sewer from North Billerica to junction of Billerica and Acton streets in
Lowell ............ 5164,000 00

From Billerica and Acton streets to a junction with the Lawrence Street
sewer at Watson Street ......... 84,000 00

145,500 00Extension from the present Warren Street outlet to Merrimack River .
Sewer in the valley of Hale’s Brook from Short Street in Lowell up to the

Golden Cove Brook crossing of Chelmsford Street . 45,000 00

Total $438,500 00

Conclusions.

The results of the examination of the condition of the Concord River between
Billerica and its mouth, including its tributary, Hale’s Brook, show that the sanitary
conditions are very objectionable throughout most of the length of the Concord
River below Lawrence Street in Lowell and in the lower portion of Hale’s Brook
below Newhall Street. These objectionable conditions result from the discharge
of sewage from the city sewers and of large quantities of industrial wastes contain-
ing much foul organic matter directly into the river without treatment. It would
be impracticable even at a large expense to treat the wastes at the various mills
adequately to prevent the serious condition now existing in the stream, and the
only practicable plan of effectually preventing these objectionable conditions is to
collect these wastes and dispose of them in some suitable manner. The best
practicable and most economical method of disposal available at the present
time is an outlet into the Merrimack River below the Concord River at a sufficient
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distance from shore to allow the sewage to become thoroughly diffused in the
water before it can reach the banks. This method will not add to the stream a
much greater quantity of sewage and foul waste than it now receives, though it will
deliver it directly into the river and thus probably have a greater effect upon the
stream than at the present time. There appears to be no better way of dealing
with this problem, however, under the existing circumstances until either a sewer
is provided for the relief of the Merrimack valley as a whole or until works have
been provided for the treatment of the sewage of Lowell and its adjacent munici-
palities before discharge into the river.

Respectfully submitted,

Chief Engineer.
X. H. GOODNOUGH,








