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REPORT OF THE DEPARTMENT OF PUBLIC HEALTH 
UPON THE MATTER OF SEWERAGE AND 

SEWAGE DISPOSAL IN THE VALLEY 
OF THE MERRIMACK RIVER,

To the General Court:
In accordance with the requirements of Chapter 49 of the Resolves 

of the year 1923, the Department of Public Health has investigated 
the condition of the Merrimack River and the matter of sewerage and 
sewage disposal in the valley of said river within the limits of the 
Commonwealth and submits the following report:

The resolve is as follows:
C h a p t e r  49, R e s o l v e s , 1923.

Resolved, That the department of public health is hereby authorized and directed 
to investigate the condition of the Merrimack river and the matter of sewerage 
and sewage disposal in the valley of said river within the limits of the common
wealth, in the cities of Lowell, Lawrence, Haverhill and Newburyport, and in the 
towns of Dracut, Tyngsborough, Chelmsford, Billerica, Tewksbury, Andover, 
North Andover, Methuen, Groveland, West Newbury, Merrimac, Amesbury and 
Salisbury.

Said department shall consider and report upon a general system of sewerage and 
sewage disposal for the prevention of the pollution of said river and for the removal 
and disposal of the sewage of the cities and towns herein mentioned, or parts thereof, 
including also the removal or disposal of manufacturing wastes which may con
tribute materially to the pollution of said river.

It shall be the duty of the said department —
(1) To prepare a plan for a main trunk sewer or sewers to collect the sewage now 

discharged into the Merrimack river or its tributaries within any of the cities or 
towns herein mentioned and convey it to an outlet into the sea or to suitable dis
posal works, as said department may determine to be most advantageous under 
the circumstances.

(2) To prepare plans of tributary or main branch sewers to intercept and collect 
sewage and manufacturing wastes and remove the same from the present sewer 
outlets into said river or its tributaries within the limits of the cities and towns 
herein mentioned to the main trunk sewer, with pumping stations or such other 
appurtenances thereto as may be necessary.

(3) To designate the cities and towns or parts of cities and towns which are 
tributary to and embraced in the district to be served by said main trunk sewer, 
main branches and outlet or disposal works.
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(4) Said department shall also consider and report whether any city or town or 

any group of two or more cities or towns can more advantageously provide for itself 
or themselves a distinct system of sewerage, drainage and disposal works, and 
shall prepare plans of such distinct system or systems with outlet or disposal 
works, if recommended.

(5) Said department shall consider and report whether the treatment or dis
posal of manufacturing wastes separately from the disposal of sewage can be effected 
to advantage, and shall report a plan for such separate treatment or disposal of 
such wastes, if recommended.

(6) Said department shall also consider and report the amount of sewage and 
manufacturing wastes entering the Merrimack river in the state of New Hampshire 
and recommend, if the department deems it necessary, any arrangements that may 
be entered into by the commonwealth with the state of New Hampshire to abate 
by treatment or otherwise any existing nuisances.

Said department may examine in connection with this investigation all sewers 
discharging into said river or its tributaries within any of the cities or towns herein 
named, and may enter the premises of any manufacturing establishment for the 
purpose of making an examination of the amount and character of any sewage or 
waste discharged therefrom into the river or into any tributary thereof within said 
cities and towns.

Said department shall make such surveys as may be necessary to determine 
upon locations for sewers, drains, sewer outlets or disposal works, and may employ 
such engineers or other assistants as may be necessary for the proper carrying out of 
the investigation and the preparation of plans, and may expend therefor such sum 
as may hereafter be appropriated, not exceeding twenty thousand dollars.

The expenses incurred under this resolve shall be reported by the said depart
ment to the governor and council, and shall, when approved by them, be paid out 
of the state treasury. Said department shall apportion the amount of the expenses 
so paid upon the cities and towns herein mentioned, in proportion to the benefits 
derived by each city or town from the work done under authority of this resolve, 
and the amount so apportioned on each city and town shall be assessed, collected 
and paid over to the state treasurer in the same manner and at the same time as 
state taxes.

All reports under this resolve shall be made by said department to the general 
court on or before the second Wednesday in January, nineteen hundred and twenty- 
four. [Approved May 11, 1923.

The Department has examined the Merrimack River within the 
limits of the Commonwealth and has caused an investigation to be 
made by its engineer to determine the condition of the river and its 
tributaries in the cities and towns specified in the resolve, the charac
ter and quantity of sewage, drainage and manufacturing waste dis
charged into the river, and the practicability and probable cost of 
either diverting the sewage and objectionable drainage by means of a 
trunk sewer to an outlet into the sea or treating these wastes for the 
removal of polluting matters at suitable works located at convenient 
points in the various cities and towns.
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Through the assistance and cooperation of the water power com

panies along the river and its tributaries, especially the proprietors 
of the Locks and Canals at Lowell and the Essex Company at Law
rence, the Department has had access to the surveys, plans and other 
important information relating to the river on file in their offices which 
have greatly aided the investigation and reduced its cost. The Depart
ment has also utilized the surveys of the river, especially in the lower 
part of its course, made by the United States Government engineers 
which show the soundings in the river and the topography in its 
neighborhood. Through the cooperation and assistance of city and 
town officials the plans and information relative to the sewerage sys
tems of the various cities and towns have been freely supplied, while 
the owners and agents of the many factories and mills in this valley 
have furnished necessary information as to the processes carried on by 
these industries and have aided the Department in obtaining informa
tion as to the amount and character of the manufacturing wastes dis
charged into the streams therefrom. The information collected from 
these various sources has been supplemented by such additional sur
veys as have been found necessary, by observations of the movement 
of the tides in the lower portion of the river, and by numerous analyses 
both of the waters of the stream and its tributaries at various points, 
and of the drainage and other wastes which are among the causes of 
its pollution.

The Merrimack River as it enters Massachusetts has already re
ceived considerable pollution discharged chiefly from the sewers of the 
cities and towns and from the manufacturing establishments in the 
State of New Hampshire, but derived in part also from the sewers 
and factories in cities and towns in Massachusetts, especially in the 
valley of the Nashua River, a tributary of the Merrimack which drains 
a large area in central and northern Massachusetts and, flowing into 
New Hampshire, discharges into the Merrimack River in Nashua in 
that state about five miles above the Massachusetts boundary. (See 
plan No. 1.) Notwithstanding the pollution which it receives, the 
condition of the Merrimack River as it reaches North Chelmsford and 
Lowell, except for water supply uses, is not objectionable from a 
sanitary point of view at the present time.

At Lowell and in the neighboring towns, the river receives a quantity 
of sewage amounting on the average in dry weather at the present time 
to about 12,000,000 gallons per day. The river is also the place of 
disposal for industrial wastes amounting in the aggregate to nearly 
20,000,000 gallons per day, one-half of which contains putrescible
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organic matter in such amounts as to cause serious pollution of the 
stream, while some of them contain material of this character amount
ing to several times the quantity found in an equal volume of ordinary 
sewage. At times when the flow of the river is high in the winter 
and spring the discharge of these wastes has little effect upon its appear
ance, but at times of low flow in the summer and autumn a marked 
increase takes place in the quantity of organic matter present in the 
river water below the city and the banks and bed of the river in this 
neighborhood show evidences of the pollution which it receives.

Between Lowell and Lawrence the river passes through a long mill 
pond in which through oxidation, sedimentation and the other proc
esses that go on under such circumstances, the quantity of solids and 
organic matter in the river is reduced as it flows to Lawrence, and 
there is a marked decrease in the quantity of dissolved oxygen present 
in the water in this section of the stream.

At Lawrence and in the neighboring towns of Methuen, Andover 
and North Andover, a quantity of sewage amounting on the average in 
dry weather to 11 million gallons per day is discharged into the river 
or its tributaries at the present time, while in addition to the sewage 
about 60 million gallons of manufacturing waste are also discharged into 
the river or its tributaries, of which upwards of 22 million gallons per 
day contain so much objectionable matter as to cause serious pollution 
of the stream. Some of these wastes, especially the wool scouring 
wastes, contain large amounts of grease together with quantities of 
organic matter several times as great as are found in equal volumes 
of ordinary sewage.

Below Lawrence the bed of the river is covered with a deposit of 
sludge, the banks are foul, and the odor of the water is offensive in 
the drier part of the year.

Between Lawrence and Haverhill the solid matters gradually settle 
out of the sewage in the summer season and the stream improves 
somewhat in its flow through the rapids known as Mitchells Falls.

At Haverhill the river is again polluted by the sewage from that 
city amounting to about 5 | million gallons per day, and by an addi
tional quantity of between 5 and 6 million gallons per day of industrial 
wastes, all of which are discharged untreated directly into the river.

The last dam on the stream is at Lawrence and the tides affect the 
river to a point about 2^ miles above Haverhill Bridge. Observations 
of the flow of the river and the movement of the tides in this part of 
its course show that on the flood tide water flows up stream past the
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city of Haverhill to a point some 2 miles or more above Haverhill 
Bridge thus carrying some of the pollution discharged at Haverhill 
upstream to meet that from Lawrence and Lowell, while on the out
going tide the polluted waters are not carried far enough down stream 
to prevent their return on the following flood. The result of this 
condition is that the sewage and polluting matters discharged into the 
river are not carried quickly away, but that there is a tendency to 
concentration in the neighborhood of Haverhill and for several miles 
below. The condition of the river in this part of its course, as shown 
by the investigations of the past year, is very objectionable. The 
bottom and banks of the stream are covered with deposits of foul 
organic matter and the odor is offensive, especially in warm weather 
when a considerable portion of the bottom of the river is exposed at 
low tide. The numerous pleasure boats in this part of the river are 
badly fouled by the water, while floating on the surface of the river 
itself during the past year were masses of sludge carried up from the 
bottom by the gases of decomposition. Farther down stream the con
ditions gradually improve, especially when the lower end of the Middle 
Ground is reached, below which sea water running up with the tides 
provides additional dilution for the sewage. The conditions existing 
along this river below Lawrence, and especially at Haverhill and for 
several miles below that city, constitute a gross nuisance, and there is 
no doubt also that these conditions while varying in intensity with the 
rainfall will grow worse if the growth of the valley in population and 
industry continues as in the past.

Two general methods are available for improving the condition of 
this river and preventing the injury to the public health and comfort 
which must result unless remedial measures are soon applied. One of 
these methods would be to treat the sewage and objectionable in
dustrial wastes at works suitable for the purpose located in the various 
cities and towns, and the other to remove all of the dry-weather flow 
of sewage, together with the objectionable portions of the manufactur
ing wastes, through a trunk sewer with an outlet into the sea at a 
point from which it will not return. For the disposal of the sewage 
and manufacturing wastes in each city or town or for groups of one or 
more municipalities, a sufficient study has been made to determine the 
process of treatment which appears to be best adapted in each case 
and the probable cost of the works, together with the cost of sewers, 
pumping stations and other appurtenances necessary to collect the 
sewage and manufacturing wastes and deliver them at the selected
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points of disposal. The results of these investigations, together with an 
estimate of the cost of the works are presented in such detail as appears 
to be necessary in the report of the engineer which is attached hereto 
and forms a part of this report.

The results obtainable in relieving the river of pollution under the 
plan of disposal in the different cities and towns would probably be 
less satisfactory than if the sewage and manufacturing waste were 
removed completely from the valley by a trunk sewer, since with the 
most efficient purification at treatment works the effluent would still 
contain considerable objectionable matter, and it has been a common 
experience that such works are not always maintained of adequate 
capacity for the purpose or in the best state of efficiency.

The investigations for a trunk sewer show that it is practicable to 
collect the sewage and objectionable manufacturing wastes of all of the 
cities and towns of the valley and discharge them into the sea off the 
mouth of the Merrimack River at a point from which they will not re
turn to the river or affect in any way the waters along the neighboring 
shores. The location of a proposed trunk sewer is shown upon the 
plans presented herewith. As there shown it would begin at a point 
in Lowell just below the mouth of the Concord River and continue 
thence along the south bank of the river through the city of Lawrence 
to the easterly part of the city of Haverhill, where it would cross 
beneath the river to the northerly bank and continue to a pumping 
station located on the north bank of the river in Amesbury about a 
mile west of the Powow River. From this point it is proposed to pump 
the sewage through a force main laid beneath the river to the southerly 
bank and thence up the valley of the Artichoke River to the plateau 
northwest of Newburyport, whence the sewage would flow by gravity 
in a sewer passing to the west and south of that city to Plum Island 
and thence through a tunnel to an outlet beyond the bar off the mouth 
of the Merrimack River where the water is 30 feet or more in depth at 
low tide. The location of this sewer and of tributary sewers in the 
various cities and towns necessary to collect the sewage and manu
facturing wastes into the trunk sewer are shown upon an accompany
ing plan (plan No. 2) and are described in the report of the engineer.

The estimated total cost of the trunk sewer system based on prices 
prevailing before the war is in round numbers $10,000,000 and the 
estimated cost of maintenance $173,500 per year. The estimated total 
cost of separate disposal works, in each city and town is given in the 
engineer’s report as $8,370,000, while the estimated net cost of main
tenance and operation is $360,000 a year, these estimates being probable
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averages for the next 40 years.1 Since the beginning of the war there 
have been great fluctuations in the cost of construction of public works 
of this character, and it is impracticable to estimate what the costs may 
be at the time of construction. It would take from five to seven years 
to complete the works after construction has been begun. It will be 
seen that, taking into account the difference in cost of maintenance, 
the plan of disposal by the trunk sewer is likely to be considerably less 
costly than disposal by separate works, and there is reason to believe 
that the difference may be even more favorable to the trunk sewer 
plan, since the experience in the operation of disposal works such as 
most of those proposed is somewhat brief for a safe basis of estimate of 
such costs, and renewals or obsolescence may increase the cost beyond 
the amount indicated by present experience when a long period of 
years is taken into account.

As a result of its investigation, the Department recommends the 
adoption of the trunk sewer scheme for the removal of the sewage and 
objectionable manufacturing wastes from the Merrimack River valley 
in order to remove the nuisance caused by the excessive pollution to 
which the river is now subject. The scheme will require several years 
to construct and it will perhaps be possible, as indicated by the en
gineer, to discharge the sewage temporarily in the beginning at some 
point below the Artichoke River in the neighborhood of the Lions 
Mouth, so-called, or possibly inside the jetties at the mouth of the 
river where a large quantity of sea water would be available for the 
dilution of the sewage which might be adequate for that purpose in 
the earlier years, pending the completion of the connections with the 
trunk sewer.

It will not be possible to take all of the sewage flowing a t all times 
from the combined sewers already constructed in the  cities and towns 
in this valley, bu t the tru n k  sewer would be capable of tak ing all of 
the dry-weather flow of sewage, including a portion of the rainfall, 
while the excess a t times of rain  or when snow is m elting rapid ly  can 
be allowed to overflow a t the present outlets w ithout danger of creating 
objectionable conditions. I t  will also be necessary to  provide for 
separating the fouler wastes in the mills for diversion into the  tru n k  
sewer, discharging the cleaner wastes which contain no m aterial quan ti
ties of organic m atter directly into the stream  or its tributaries. The 
Department further recommends th a t  the construction of combined

1 In m aking th is  estim ate it  has been assumed th a t there will be an income of abou t SI 10,000.00 from the 
sale of grease recovered from wool-scouring wastes. If the income from th a t  source should be less, the cost 
of maintenance of separate works for the treatm ent of the sewage would be greater th an  th is estim ate.
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sewers, except in areas already served by that system, be discontinued 
and that all extensions be made in future upon the separate plan, a 
policy which appears to have been adopted already in most of the 
cities and towns.

The Department has not deemed it necessary to attempt to ascertain 
the amount of sewage and manufacturing waste entering the river in 
the State of New Hampshire nor to attempt to make any arrangement 
with the authorities of that state relative to treatment of the sewage 
and wastes of New Hampshire cities. The situation is such that, while 
much sewage and manufacturing waste are no doubt discharged into 
the river in New Hampshire, it is also true that sewage and large 
quantities of manufacturing waste are discharged into the Nashua 
River in Massachusetts and thence flow into New Hampshire to join 
the Merrimack before the latter stream reaches the northern boundary 
of this Commonwealth. The sanitary condition of the Merrimack 
River as it enters the State, aside from the question of water supply, 
is not seriously objectionable at the present time, and until relief is 
provided from the pollution of the Nashua River in Massachusetts it 
appears inadvisable to take up the question of reducing the pollution 
of the Merrimack River in New Hampshire.

The resolve requires the Department to designate the cities and 
towns, or parts of cities and towns, which should be tributary to and 
embraced in a district to be served by a main trunk sewer in the 
Merrimack valley with main branches, outlet and disposal works. The 
plans for the main trunk sewer and outlet presented in this report, 
together with tributary sewers as herein outlined and shown on plans 
submitted herewith, are capable of providing for the disposal of the 
sewage of all of the cities and towns mentioned in the resolve, and 
these cities and towns should be tributary to and should be embraced 
in the district served by a proposed main trunk sewer. It will prob
ably be many years, however, before sewers will be required in the 
towns of Tyngsborough and West Newbury, though if sewers should 
eventually be found necessary in these towns the sewage can probably 
be disposed of more satisfactorily in connection with the proposed 
trunk sewer than by any other plan. While no general system of 
sewers has as yet been installed in some of the other towns, consider
able quantities of polluting matter enter the river or its tributaries in 
each of them, and in the opinion of the Department it is desirable 
that they should be included in such a district. The district would 
thus embrace the cities of Lowell, Lawrence, Haverhill and Newbury- 
port, and the towns of Dracut, Chelmsford, Billerica, Tewksbury,
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Andover, North Andover, Methuen, Groveland, Merrimac, Amesbury 
and Salisbury with provision also for the admission of Tyngsborough 
and West Newbury whenever sewers may be required within the limits 
of those towns.

A further provision of the resolve requires that the Department 
shall apportion the expense of the investigation to the cities and towns 
mentioned in the resolve 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 the cost of the work in 
proportion to the valuation and two-thirds in proportion to the popula
tion of the municipalities involved, and this method has had the sanc
tion of legislative approval in an important previous case. The De
partment 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 cities and towns mentioned 
in the resolve, using the valuation as given in Chapter 381 of the Acts 
of the year 1922 and the population as given in the report of the U. S. 
census for 1920. The population and valuation of each municipality 
taken from these sources, together with the percentage of the total 
expenditures under the resolve chargeable to each city and town on 
the basis herein selected, are shown in the following table:
Table showing Population and Valuation of Various Municipalities, with Percentage 

of Cost of the Investigation Chargeable to Each City and Town.

Population , 1920 Census
V aluation, C hap ter 381, A cts of 1922.

Percentage of C ost of Investigation  chargeable to  E ach  C ity  or Town.

Low ell . . 112,759 $149,338,376 32.918
L aw rence 94,270 130,968,322 27.975H a v e rh ill 53,884 70,088,348 15.636
N ew b u ry  p o r t  . 15,618 14,083,506 4 .070D ra c u t 5,280 3,848,054 1.308
T y n g s b o ro u g h  . . . . . . . . .
C h e lm sfo rd

1,0445,682 1,034,4127,144,749 0.2791.631B illerica  . 3,646 8,145,621 1.311T e w k s b u ry 4,450 3,175,982 1.097A n d o v er . 8,268 12,561,935 2.534N o rth  Andover 6,265 10,433,188 1.988M eth u en 15,189 18,584,956 4 .320G ro v e lan d 2,650 1,712,626 0.640W est N e w b u r y 1,492 1,180,551 0.376M e rrim ac  . . . . . . .
A m esb u ry 2,17310,036 2,002,42311,823,928 0 .569  2.821S a lisb u ry  . . . . . . . 1,701 2,656,718 0.527

T o t a l  . . . . . 344,407 $448,783,695 100.000
r— ------------------------------------------------------------- -----------------------
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F i n a n c i a l  S t a t e m e n t .
A p p r o p r i a t i o n .....................................................................................$20,000 00
Expenditures:

Salaries of engineers and assistants . . . .  $9,149 88
Traveling e x p e n s e s ....................................................... 3,741 92
Office supplies and s t a t i o n e r y ............................... 99 46
Maps and blue p r i n t s ..............................................  316 70
Apparatus and m a t e r i a l s ....................................... 596 79
Telephone and t e l e g r a p h ....................................... 4 75
E x p r e s s ...................................................................... 575
P o s ta g e .....................................................................  17 16

--------------  13,932 41
Balance unexpended......................................................................$6,067 59

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

L o w e l l .......................................................................................... $4,586 28
Lawrence.....................................................................................  3,897 60
Haverhill.....................................................................................  2,178 47
N ew buryport.............................................................................  567 05
D r a c u t .....................................................................................  182 24
T y n g s b o r o u g h ...................................................................... 38 87
C h e lm s fo rd .............................................................................  227 24
B ille r ic a .....................................................................................  182 65
T e w k s b u r y .............................................................................  152 84
A n d o v e r.....................................................................................  353 05
North A n d o v e r ...................................................................... 276 97
M ethu en ............................................................................................... 601 88
G r o v e l a n d .............................................................................  89 17
West N e w b u r y ...................................................................... 52 38
M e r r i m a c .............................................................................  79 27
A m e s b u r y .............................................................................  393 03
Salisbury.....................................................................................  73 42

T o t a l ............................................................................. $13,932 41

It is impracticable at the present time before the report is presented 
to state with certainty the actual amount expended under the resolve, 
and it is possible that one or two small additional items of expense may 
necessitate an additional assessment which would reduce slightly the 
unexpended balance as shown in the financial statement presented.
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REPORT OF THE CHIEF ENGINEER.

O f f ic e  of  C h ie f  E n g in e e r , D e p a r t m e n t  o f  P u b l ic  H e a l t h , 141 St a t e  H o u s e , B o s t o n , April 8, 1924,
Dr. Eugene R. Kelley, Commissioner of Public Health.

Sih: — Herewith is presented a report of an investigation as to 
sewerage and sewage disposal in the valley of the Merrimack River, 
together with plans of a main trunk sewer system with an outlet into 
the sea and of alternative systems of sewage disposal for the cities of 
Lowell, Lawrence, Haverhill and Newburyport and the towns of 
Dracut, Tyngsborough, Chelmsford, Billerica, Tewksbury, Andover, 
North Andover, Methuen, Groveland, West Newbury, Merrimac, 
Amesbury and Salisbury.

REPORT.
The Merrimack River at its mouth below the city of Newburyport 

drains an area of 5,015 square miles, of which 1,205 square miles are 
within the limits of Massachusetts and 3,810 within the limits of the 
State of New Hampshire. The sources of the river are in the White 
Mountains of New Hampshire and the stream is formed at Franklin 
in that state by the confluence of the two principal tributaries, the 
PemigewTasset and Winnipesaukee rivers. (See plan No. 1.) The area 
of the watershed of the river at important points and the areas of the 
watersheds of its principal tributaries are shown in the following table:
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Table showing Area of the Watershed of the Merrimack River at Important Points, 
and of its Principal Tributaries in Massachusetts.

L o c a t io n . T otal W atershed Area (Square Miles).

M anchester, N. H. —  Amoskeag DamN ashua, N. H . — ju st above m outh of N ashua RiverM ass. —  N . H . S ta te  line .Lowell —  Paw tucket D am  . . . . .  Lowell —  ju s t below m outh  of Concord R iver Lawrence —  Lawrence D am  . . . . .  H averhill —  G roveland Bridge . . . .  M ou th  a t  N ew buryport B ar . . . . .

2,839 3,448 4,0291 4,097i 4,595 2 4,663 2 4,895 2 5,015 2

N ashua River Salm on Brook S tony Brook . B eaver Brook Concord R iver Spicket R iver Snawsheen R iver L ittle  R iver . Powow R iver

Principal Tributaries in Massachusetts
531.0131.644.694.8 402.0278.875.030.0 61.4

1 Including 118.2 sq. miles d iverted  from  N ashua R iver for M etropolitan  w ater supply.
2 Including 92.8 sq. miles d iverted  from  Concord R iver for M etropolitan  w ater supply, — to ta l diver

sion 211 sq. miles.

The total fall of the river from Lake Winnipesaukee to the sea is 
about 500 feet, the greater part of which is used for water power at 
points along its course. Within the limits of Massachusetts there are 
two dams across the river, one at Lowell, with its crest at elevation 
91.61 above mean low water in the sea at the mouth of the river, and 
one at Lawrence, with its crest at elevation 43.13. Flashboards are 
ordinarily carried on these dams to a further height of 5 feet at Lowell 
and 4 feet at Lawrence. Below Lawrence the river has considerable 
fall down to the point to which it is affected by the rise and fall of the 
tides, about 2.5 miles above Haverhill Bridge. Above Haverhill the 
banks of the river are high throughout most of its course, and there are 
practically no swamps bordering the stream at any point. Below 
Haverhill the banks are lower and the river is bordered by salt marshes 
for a few miles just above its mouth. The large lakes near the head 
of the watershed in New Hampshire — Lake Winnipesaukee, Squam 
Lake and Newfound Lake — together with many smaller ones, are 
used as storage reservoirs to maintain the flow of the river and its 
tributaries in the drier part of the year, and in consequence its dry- 
weather flow in its course in Massachusetts is higher in proportion to 
the area of watershed than that of most streams in the State.

The average daily flow of the river at Lawrence for each month in 
million gallons per day and the average daily flow for the driest period
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of six consecutive months in each year since 1880 are shown in the 
following table:
Average Daily Flow of the Merrimack River at Lawrence in Million Gallons in 24-

Hours.
1880 . 1881 . 1882 . 1883 . 18 84 . 18 85 . 1 886 . 18 87 . 1 888 . 18 89 . 1890 .

Jan. . . . .Feb......................................Mar......................................Apr. . . . .  May . . . .  June . . . .  July . . . .Aug......................................Sept.....................................Oct. . . . .Nov.....................................Dec.
Av. for YearAv. for Six Driest Months

4,8318,0466,8637,0303,5922,0571,9081,6381,4481,1462,7431,712

1,4893,09711,05510,4689.2103,3162,2281,8061,6241,6123,4265,434

4,8036.11210,5006,7246,9345,8252,0311,3902,4022,0031,4931,397

1,3081,9032,64310,0405,5193,2572,0211,2497881,2761,8541,522

3,0136,21010,17516,9327,7052,6441,4821,3691,2601,1841,5453,048

3,4362,8622,29011,8425,5242,7291,8423,5191,8682,2145,9374,512

8,53111,6277,77614,7184,4082,1111,4701,2851.2831,3924,5453,858

5,0558,5425,44414,3408,9285,2954,3135,5362,7132,0182,8553,967

4,1475,4806,63916,09613,5213,6441,6231,7094.6117,9938,7429,643

7,9464,0537,1337,2024,2803,4832,3323,3492,2613,6915,8018,482

4,4954,99010,12611,1459,2335,0942,0432,2015,4277,9595,7344,248
3,5841,766 4,5632,335 4,3011,786 2,7821,452 4,7141,581 4,0482,949 5,2501,992 5,7513,567 6,9884,721 5,0013,233 6,0584,602

Average Daily Flow of the Merrimack River at Lawrence in Million Gallons in 24
Hours — Continued.

18 91 . 1892 . 18 93 . 1 894 . 18 95 . 1 895 . 18 97 . 18 98 . 18 99 . 1 900 . 1901 .

Jan. . . . . 8,594 5,508 1,906 1,953 1,866 ' 4,230 2,203 4,778 5,078 2,172 2,185Feb..................................... 8,724 2,780 3,228 2,762 1,499 5,887 2,954 5,039 3,155 10,651 1,585Mar. . . . 15,263 4,737 6,930 9,291 3,785 13,607 6,832 12,029 7,723 10,498 6,146Apr. . . . . 13,907 5,267 10,059 7,164 12,822 11,784 11,383 9,842 17,087 11,956 16,820May . . . 4,748 6,613 12,605 4,519 4,028 2,868 6,538 7,106 6,158 6,486 10,091June . . . . 2,935 3,761 2,846 3,899 1,963 2,274 8,214 4,178 1,926 2,557 4,861July . . . . 1,871 3,074 1,544 1,472 1,669 1,320 6,979 1,719 1,603 1,175 1,868Aug..................................... 1,590 3,107 1,669 1,095 1,409 1,305 3,278 2,455 1,348 1,212 2,875Sept.................................... 1,644 2,549 1,798 1,183 1,081 2,018 1,783 1,881 1,289 978 1,717Oct...................................... 1,381 1,380 2,336 1,457 2,592 3,352 1,426 4,155 1,156 1,627 2,668Nov. w . 1,596 4,197 2,175 2,294 6,177 4,306 3,766 6,390 1,804 3,780 1,971Dec..................................... 2,658 2,541 3,445 1,960 6,078 2,817 6,705 5,674 1,808 4,384 6,305
Av. for Year . 5,409 3,793 4,212 3,254 3,748 4,647 5,172 5,438 4,178 4,790 4,924Av. for Six Driest Months 1,790 2,808 2,061 1,577 2,124 2,190 3,990 3,463 1,501 1,888 2,660

Average Daily Flow of the Merrimack River at Lawrence in Million Gallons in 24
Hours — Continued.

1902 . 1903 . 1904 . 1 905 . 19 06 . 1 907 . 19 08 . 19 09 . 19 10 . 1 911 . 19 12 .

Jan. 6,756 4,975 1,707 2,502 4,953 4,136 5,703 1,955 3,076 1,819 2,323Feb. 3,632 6,016 1,903 1,468 3,301 1,974 4,839 4,600 2,904 1,399 2,066Mar. 18,021 17,886 7,961 6,827 4,966 5,040 7,367 4,988 10,512 3,609 8,144Apr. 11,240 10,073 13,380 10,460 10,442 8,493 7,735 9,898 7,100 8,784 12,573May . . . 6,572 2,821 11,262 3,371 6,553 5,897 7,480 5,681 4,363 3,919 6,761June 3,420 6,653 3,016 2,691 6,537 3,458 2,710 2,745 3,151 1,591 3,769July 2,796 3,001 1,808 1,728 3,200 2,159 1,505 1,292 1,154 769 1,188Aug. 2,432 2,157 1,664 1,746 2,142 1,245 1,930 1,087 1,320 948 1,441Sept.................................... 2,231 1,532 1,883 4,932 1,218 1,916 1,094 1,068 1,145 1,255 1,397Oct. 4,629 2,397 2,350 2,108 1,584 4,128 953 1,219 867 2,647 2,112Nov. 3,715 1,938 1,743 2,190 2,047 8,444 1,028 1,128 1,327 3,029 3,576Dec. . . . . 5,247 2,404 1,176 3,676 1,653 6,342 1,219 1,464 977 3,717 3,096
Av. for Year . 5,891 5,155 4,154 3,642 4,050 4,436 3,630 3,094 3,160 2,791 4,037Av. for Six D riest Months 3,204 2,239 1,771 2,566 1,974 3,134 1,288 1,210 1,132 1,706 2,135
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Average Daily Flow of the Merrimack River at Lawrence in Million Gallons in 24
Hours — Concluded.

19 13 . 1 914 . 1 915 . 19 16 . 1 917 . 19 18 . 19 19 . 1920 . 19 21 . 1922 . 1923 .

Jan . . . . . 5,175 2,185 3,213 4,465 2,984 1,366 3,867 1,770 5,034 2,414 3,318F eb ....................................... 2,886 2,859 5,154 4,999 2,260 2,447 2,550 1,914 3,005 2,605 2,669Mar. . . . 9,826 9,514 4,316 5,138 6,804 5,848 9,890 12,178 10,811 11,396 5,860A pr. . . . . 7,309 14,448 5,162 12,638 9,399 9,678 7,420 17,620 7,878 14,402 14,516Mav . . . 4,198 8,400 3,257 7,974 6,223 4,475 7,982 10,340 5,813 8,550 8,552Ju n e  . . . . 2,606 2,128 1,415 9,025 8,818 2,194 2,916 4,738 1,729 8,870 2,126Ju ly  . . . 1,135 1,619 5,273 4,439 2,959 1,601 1,570 2,177 3,032 6,216 1,262A ug....................................... 8,867 1,258 6,012 2,669 1,821 1,358 1,166 1,959 1,985 2,249 1,148Sept. . . . . 1,121 1,287 1,898 2,803 1,593 2,474 1,934 1,966 1,228 2,261 880Oct. . . 2,296 878 1,912 2,303 1,797 2,874 2,033 3,040 1,377 1,945 1,432N ov ...................................... 2,813 1,043 2,549 2,156 2,590 3,288 4,824 2,694 3,071 1,881 3,457D ec....................................... 3,060 1,277 3,814 3,346 1,686 4,364 3,984 9,536 4,870 1,488 6,965
Av. for Year . 3,610 3,908 3,664 5,163 4,078 3,497 4,178 5,827 4,153 5,357 4,348Av. for Six D riest Months 3,140 1,227 3,176 2,953 2,074 2,298 2,407 2,762 2,070 2,673 1,718

Area and P opulation for which a P lan of Sewerage is to be
P rovided.

The cities and towns mentioned in the resolve are situated in the 
valley of the Merrimack River and, with the exception of Billerica, 
border upon the stream between the point where it enters the Common
wealth from the State of New Hampshire and its mouth at Newbury- 
port. This area is approximately 37 miles long from the westerly limits 
of Tyngsborough northeasterly to the sea, while its width averages 
about 9 miles. The aggregate land area of the municipalities included 
in this resolve as given in the census of the Commonwealth for 1915 is 
307.9 square miles. The population of these cities and towns in 1920 
was 344,407. The population of each city and town mentioned in the 
resolve in census years since 1880 and the estimated population up to 
1965 are shown in the following tables: PW
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Population of Cities and Towns mentioned in Chapter 49, Resolves of 1923.
1 880 . 18 85 . 1 890 . 1 895 . 19 00 . 19 05 . 19 10 . 19 15 . 1 920 .

Tyngsborough 631 604 662 635 773 768 829 967 1,044Chelmsford 2,553 2,304 2,695 3,162 3,984 4,254 5,010 5,182 5,682Billerica 2,000 2,161 2,380 2,577 2,775 2,843 2,789 3,246 3,646Tewksbury 2,179 2,333 2,515 3,379 3,683 4,415 3,750 5,265 4,450Dracut 1,595 1,927 1,996 2,443 3,253 3,537 3,461 4,022 5,280
Lowell 59,475 61,107 77,696 84,367 94,969 94,889 106,294 107,978 112,759Lawrence 39,151 38,862 44,654 52,164 62,559 70,050 85,892 90,259 91,270Methuen 4,392 4,507 4,814 5,690 7,512 8,676 11,448 14,007 15,189Andover 5,169 5,711 6,142 6,145 6,813 6,632 7,301 7,978 8,268North Andover 3,217 3,425 3,742 3,569 4,243 4,614 5,529 5,956 6,265Haverhill . 18,472 21,795 27,412 30,209 37,175 37,830 44,115 49,450 53,881Groveland 2,227 2,272 2,191 2,333 2,376 2,401 2,253 2,377 2,650
West Newbury . 1,989 1,899 1,796 1,643 1,558 1,405 1,473 1,529 1,492Merrimac 2,237 2,378 2,633 2,301 2,131 1.884 2,202 2,101 2,173Amesbury . 3,355 4,403 9,798 9,986 9,473 8,810 9,894 8,543 10,036Salisbury . 4,079 4,840 1,316 1,300 1,558 1,622 1,658 1,717 1,701Newbury port 13,538 13,716 13,947 14,552 14,478 14,675 14,949 15,311 15,618

Total 166,259 177,244 206,389 226,455 259,313 269,335 308,847 325,887 344,407

Estimated Future Population of Cities and Towns mentioned in Chapter 49, Resolves
of 1923.

1 9 25 . 19 30 . 19 35 . 19 40 . 19 45 . 19 50 . 1955 . 19 60 . 19 65 .

TyngsboroughChelmsford 1,120 1,190 1,260 1,340 1,420 1.490 1,570 1,640 1,7206,100 6,600 7,100 7,600 8,000 8,500 9,000 9,500 9,900Billerica 4,000 4,300 4,650 5,000 5,300 5,650 6,000 6,300 6,700Tewksbury 4,900 5,400 5,800 6,300 6,700 7,100 7,600 8,100 8,500Dracut 5,900 6,600 7,300 7,900 8,600 9,300 10,000 10,600 11,300
Lowell 120,000 126,000 132,200 139,800 144,000 149.000 153,500 157,800 161,000Lawrence 105,900 117,700 128,000 136,000 144,000 152,000 160.000 167,000 172,000Methuen 18,000 20,700 23,400 26,300 29,200 32,200 35,200 38,200 41,000Andover 9,500 10,500 11,300 12,000 12,700 13,200 13,700 14,200 14,600North Andover . 6,800 7,200 7,700 8,100 8,600 9,100 9,500 10,000 10,500Haverhill . 58,200 62,400 66,700 70,400 74,000 77,500 80,600 83,200 85,700Groveland 2,800 2,950 3,100 3,250 3,400 3,560 3,720 3,900 4,050
West Newbury . 1,550 1,640 1,700 1,760 1,840 1,900 1,980 2,050 2,100Merrimac . 2,250 2,350 2,450 2,530 2,620 2,720 2,800 2,900 3.000Amesbury . 10,500 11,000 11,500 12,000 12,500 13,000 13,500 14,000 14,500Salisbury . 1,850 1,970 2,100 2,200 2,350 2,460 2,600 2,700 2,850Newbury port 15,900 16,300 16,600 17,000 17,300 17,600 18,000 18,300 18,700

Total . 375,270 404,800 432,860 459,480 482,530 506,280 529,270 550,390 568,120

The population dwelling within the watershed of the Merrimack 
River above the city of Lowell according to the census of 1920 was 
approximately 343,000, of which number 231,000 were included within 
the limits of the State of New Hampshire and the remainder — 112,000 
— within the limits of Massachusetts chiefly in the Nashua River 
watershed. The population of the Merrimack River watershed above 
Lowell in 1920 was about 84 persons per square mile. The population 
of the Merrimack River valley from Lowell to the sea, including Lowell, 
in 1920 was 340,000, and the population per square mile, 810. The
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total population dwelling within the Merrimack River watershed above 
its mouth in 1920 was 786,600.

In the State of New Hampshire there are five cities from which the 
sewage, together with considerable quantities of manufacturing wastes, 
is discharged directly into the river without treatment. These cities 
and their population in census years since 1880 are as follows:

Population of Cities on the Merrimack River in New Hampshire.
1 8 8 0 . 1 8 9 0 . 1 9 0 0 . 1 9 1 0 . 1 9 2 0 .

N ashua . . . . . . . 13,307 19,311 23,898 26,005 28,379M anchester . . . . . . 32,630 44,126 56,987 70,063 78,384Concord . . . . . . . 13,843 17,004 19,632 21,497 22,167Franklin 3,265 4,085 5,846 6,132 6,318Laconia . . . . . . . 3,790 6,143 8,042 10,183 10,897
T ota l . . . . . . . 66,925 90,669 114,405 ■ 133,880 146,145

Besides these cities, there are several towns of considerable size and 
numerous smaller manufacturing establishments, located on the tribu
tary streams, from which more or less sewage and manufacturing wastes 
find their way into the river.

The chief tributary of the Merrimack River above the city of Lowell 
which drains a considerable area in Massachusetts is the Nashua River, 
which has a drainage area of 531 square miles, of which 445 square 
miles are within the limits of Massachusetts. Within this watershed 
are located the cities of Leominster and Fitchburg and the town of 
Clinton, which had an aggregate population of 73,752 in 1920. The 
sewage of Fitchburg, population 41,029 in 1920, is for the most part 
treated in Imhoff tanks and trickling filters, and most of the sewage of 
Clinton, population 12,979 in 1920, is treated by intermittent sand 
filtration, while the sewage of Leominster, population 19,744 in 1920, 
is discharged without treatment directly into the river. Besides the 
sewage from these municipalities, large quantities of manufacturing 
wastes are discharged into this river at various points, and its condition 
is objectionable throughout most of its length in Massachusetts.

The first tributary of importance which joins the Merrimack River 
after it enters Massachusetts is Stony Brook which joins the Merrimack 
from the south at North Chelmsford about 2.5 miles above the Paw
tucket dam at Lowell. This stream drains an area of about 44.6 square 
miles. It receives considerable pollution by manufacturing wastes 
above Chelmsford, but the population of that portion of its watershed 
is small.
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A short distance below the Pawtucket clam at Lowell the Merrimack 
River is joined by a small tributary from the north known as Beaver 
Brook, the watershed of which lies chiefly within the State of New 
Hampshire. This stream, which drains a total area of 94.8 square 
miles, receives the direct discharge of sewage from the town of Derry, 
N. H., near its head waters which had a population in 1920 of 5,382. 
Small quantities of sewage are also discharged into Beaver Brook from 
other sources in New Hampshire and considerable quantities from 
sewers in Lowell near the mouth of the stream.

Near the lower end of the city of Lowell the Merrimack River is 
joined by the Concord River which with its tributaries drains an area 
of 402 square miles lying within the limits of Massachusetts. This 
watershed contains several towns of considerable size, including eight 
which had in 1920 a population in excess of 5,000 as shown in the fol
lowing 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.
1 8 8 0 . 1 8 8 5 . 1 8 9 0 . 1 8 9 5 . 1 9 0 0 . 1 9 0 5 . 1 9 1 0 . 1 9 1 5 . 1 9 2 0 .

Chelmsford 1ConcordFraminghamHudsonMaynardMarlboroughNatickWestborough

2,5533,9226,2353,7392,29110,1278,4795,214

2,3043,7278,2753,96*2,70310,9418,4604,880

2,6954,4279,2394,6702,70013,8059,1185,195

3,1625,1759,5125,3083,09014,9778,8145,235

3,9845,65211,3025,4543,14213,6099,4885,400

4,2545,42111,5486,2175,81114,0739,6095,378

5,0106,42112,9486,7436,39014,5799,8665,446

5,1826,68115,8606,7586,77015,25011,1195,925

5,6826,46117,0337,6077,08615,02810,9075,789
Total . 42,560 45,258 51,849 55,273 58,031 62,311 67,403 73,545 75,593

1 A portion of th e  population of Chelmsford d rains to  S tony Brook.

With the exception of Chelmsford, all of the towns included in the 
foregoing table are provided with sewage disposal systems and, except 
at Maynard, the greater part of the sewage is treated at these works 
before discharge into the streams. Manufacturing wastes as a rule 
are not purified in these towns and large quantities of such wastes 
enter the river and its tributaries at various points. The gradual in
crease in the quantity of manufacturing wastes discharged from factories 
and mills, very little of which is treated for the removal of objectionable 
matters, has a tendency to increase the pollution of the streams in this 
part of the 'watershed, notwithstanding the number of works installed 
for the treatment of the sewage of the towns.

Below the lower limits of the city of Lowell, the watershed of the 
Merrimack River is not far distant from the stream on either side and
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its tributaries drain small areas compared with those farther up the 
river. The principal tributaries in this part of the course of the stream 
with their drainage areas are the following:

D rainage Area (Square Miles)
Shawsheen R i v e r ..................................................................75.0
Cochickewick B r o o k ............................................................ 6.6
Spicket R i v e r ..........................................................................78.8
Artichoke R i v e r ....................................................................6.2
Powow R i v e r ..........................................................................61.4

From the point of junction with the Concord River in the city of 
Lowell to the sea, following the course of the Merrimack river, is a 
distance of 39.1 miles. The drainage area of this portion of the water
shed of the river is 420 square miles, or 8.4% of the total drainage area 
of the stream.

P resent Sewerage.
All of the four cities mentioned in the resolve, viz., Lowell, Lawrence, 

Haverhill and Newburyport, and four of the towns, viz., Methuen, 
Andover, North Andover and Amesbury, are already provided with 
systems of sewerage which serve all or a substantial portion of their 
territories. In Billerica, Dracut and Salisbury there are partial 
systems of sewerage, and in other towns there are drains used as 
sewers. The remaining towns are for the most part small, and in three 
of them, viz., Tyngsborough, Tewksbury and West Newbury, there is 
as yet no general system of public water supply.

The town of Tyngsborough, the first on the main river as it enters 
Massachusetts, is sparsely settled, contains no manufacturing industries 
of importance and has grown but little for many years. No consider
able quantity of sewage is discharged into the streams within its limits 
and there is no present need of sewerage in any part of its territory.

The first important pollution which enters the Merrimack River 
within the limits of Massachusetts is that which comes in through 
Stony Brook, about 2.5 miles above the dam at Lowell. There is a 
considerable amount of manufacturing on the brook above Chelmsford, 
but the chief pollutions of this stream are the manufacturing wastes 
from mills located on the brook near the point where it joins the Merri
mack River. All of the wastes from these mills, amounting to some
what more than 1,000,000 gallons per day, are discharged directly into 
the brook, and of this quantity some 750,000 gallons, chiefly wool- 
scouring wastes, are of a nature to cause serious pollution of the stream.
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Considerable quantities of sewage also find their way into Stony Brook, 
both at North Chelmsford and above, though none of the villages along 
its course has as yet a system of sewerage. Chelmsford Center, an
other village in Chelmsford, is situated in the valley of Hale’s Brook, a 
tributary of the Concord River, situated near the boundary of the 
city of Lowell. Considerable quantities of polluting matters enter 
Hale’s Brook in the village of Chelmsford Center which has not as yet 
been provided with a system of sewerage. Owing to the nearness of 
the town of Chelmsford to the city of Lowell, its population has grown 
steadily and quite rapidly in recent years and is likely to continue to 
grow rapidly in the future.

The town of Billerica is situated in the valley of the Concord River 
adjacent to the towns of Chelsmford and Tewksbury and touches the 
city of Lowell on the south.- The population is included largely in the 
three villages of Billerica, North Billerica and East Billerica and has 
grown quite rapidly in recent years. There is a system of sewerage in 
North Billerica, controlled by a corporation, the sewage being dis
posed of upon filter beds situated on the westerly side of the Concord 
River below the village. At East Billerica the sewage from the car 
shops of the Boston & Maine Railroad is also treated upon filter beds. 
There are two mills at North Billerica which discharge wool-scouring 
wastes and wash waters amounting together to a little over 900,000 
gallons per day into the Concord River, of which about 320,000 gallons 
contain considerable quantities of polluting matter. This waste is not 
cared for in the system of sewers and sewage disposal of the village.

The city of Lowell (population in 1920, 112,759) has grown quite 
steadily for many years at a fairly uniform rate. The increase in 
population in the fifteen years from 1905 to 1920 was 17,870, and in 
the previous fifteen years, 17,193. The city is provided with a general 
system of sewerage which serves nearly its entire territory. The sewers 
are constructed for the most part on the combined plan and receive 
both sewage and storm water, though some of the more recent exten
sions to the system have been built upon the separate plan, excluding 
storm water and ground drainage so far as practicable. The sewage is 
discharged at various outlets into the Merrimack and Concord rivers 
and to some extent into Beaver Brook, which flows through the north
erly part of the city. The location of the various sewer outlets is shown 
upon an accompanying plan (plan No. 3). The sewers receive some 
of the manufacturing waste, but in addition to the public sewers there 
are numerous private sewers and drains through which manufacturing 
wastes from various mills are discharged untreated directly into the
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river. I t is estimated that the quantity of sewage at present discharged 
from the sewers of the city amounts on an average to about 12,000,000 
gallons per day in dry weather. The quantity varies greatly, the 
amount in times of storm being several times as great as that flowing 
in ordinary periods. The quantity of manufacturing waste discharged 
from the various industries in the city of Lowell has been measured as 
well as practicable during the past year, and samples of the wastes 
have been collected for analysis to determine their probable effect 
upon the stream. The results of these investigations indicate that on 
the average nearly 12,000,000 gallons per day of more or less polluted 
manufacturing wastes are discharged into the river or tributary 
streams. Of this quantity, about one-half can probably continue to be 
discharged into the river without danger of creating objectionable 
conditions or causing serious injury to the waters of the stream, but 
the remaining portion of the manufacturing waste, amounting to about 
5,900,000 gallons per day, contains much putrescible organic matter 
and is a serious source of pollution of the river.

Adjacent to Lowell on the north is the town of Dracut which has as 
yet no general system of sewerage, though sewers are likely very soon 
to be required in the southern part of its territory adjacent to the city 
of Lowell where the population has been growing rapidly in recent 
years. Beaver Brook, which flows through the town to its confluence 
with the Merrimack River, drains a considerable area in the State of 
New Hampshire and is used as a place of sewage disposal within the 
limits of that state. There are two woolen mills along the stream 
within the limits of Dracut and a large bleachery is soon to be placed 
in operation there. At the woolen mills in Collinsville in Dracut dis
posal works were installed several years ago at which the sewage and 
wastes from these mills and from a number of dwelling houses are 
treated before discharge into the brook. With the completion of the 
new bleachery, the total quantity of waste discharged into this stream 
in Dracut is likely to amount to about 6,000,000 gallons per day, of 
which over 2,000,000 gallons will be of a character to cause very serious 
pollution of the stream. Of the latter quantity, about 10% is already 
treated at the disposal works of the Collinsville mills which have 
been operating satisfactorily in relieving the stream of a serious burden 
of pollution from these mills.

The town of Tewksbury lies south of the Merrimack River and 
borders the city of Lowell on the east. This town includes the 
Tewksbury State Infirmary with a population in 1923, including officers
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attendants and inmates, of about 2,500. The sewage of the infirmary 
is at present disposed of on filters located in the valley of a tributary 
of the Shawsheen River. The remainder of the town is included 
mainly in the village of Tewksbury Center, which is unlikely to need 
sewerage for some time in the future, hut the westerly portion of the 
town adjacent to Lowell seems likely to grow quite rapidly and sewer
age is likely to he required there before many years.

The total quantity of sewage discharged into the river between the 
New Hampshire boundary and the lower limits of the city of Lowell 
in the municipaities in this part of the Merrimack River valley men
tioned in the resolve, viz., in the towns of Tyngsborough, Dracut, 
Chelmsford, Billerica and Tewksbury, and in the city of Lowell, 
amounts at the present time to approximately 13,500,000 gallons per 
day. The total quantity of manufacturing waste discharged into the 
river or into its tributaries in the immediate neighborhood of the river 
when the mills are operating normally amounts at the present time to 
nearly 20,000,000 gallons per day, of which about 9,000,000 gallons 
are of a character to cause serious pollution of the river.

The next important source of pollution of the stream below Lowell 
is the sewage and manufacturing waste discharged from the city of 
Lawrence and the adjacent towns of Methuen, Andover and North 
Andover. The city of Lawrence has grown more rapidly than Lowell, 
the population having increased 24,220 in the 15 years from 1905 to 
1920 and 25,396 in the 15 years from 1890 to 1905. The city is pro
vided with a sewerage system which extends through nearly all of the 
thickly settled portion of its territory, and the sewers, like those of 
Lowell, are constructed for the most part upon the combined plan and 
receive both sewage and storm water. There are 15 sewer outlets in the 
city of Lawrence, 8 on the north side of the river and 4 on the south 
side, which discharge directly into the stream, and 3 which discharge 
into the Spicket River. (See plan No. 3.) A portion of the northerly 
part of the city drains into an intercepting sewer in the valley of the 
Spicket River which receives also the sewage of Methuen and dis
charges into the Spicket River a short distance above its junction with 
the Merrimack. The sewage of the town of Andover is discharged 
into the Merrimack River in Lawrence through a main sewer recently 
constructed which is designed to receive also the sewage from a small 
part of Lawrence.

Besides the sewage discharged from Lawrence, Methuen and Andover, 
the Merrimack River is polluted by large quantities of manufacturing
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wastes discharged for the most part through private sewers and drains 
directly into the river. There are 6 mills in which large quantities of 
wool are scoured, besides one in which the wool-scouring machinery 
•was not in operation in 1923, and the total quantity of wool-scouring 
waste amounts to somewhat more than 1,000,000 gallons per day. 
Besides the wool-scouring wastes there are large quantities of wastes 
from the washing and rinsing of worsted cloth, the total amounting to 
nearly 25,000,000 gallons per day, of which as much as 8,400,000 gallons 
contain so much organic matter as to be a source of serious pollution 
of the river. In the cotton mills in the city some 19,000,000 gallons 
of water are used for washing, dyeing, bleaching, etc., of which about 
6,000,000 gallons contain much objectionable organic matter. There 
are three paper mills using in the aggregate in their processes 6,860,000 
gallons of water per day, of which about 1,135,000 gallons are badly 
polluted. The total quantity of sewage from the city of Lawrence 
and the towns of Andover and Methuen probably amounts ordinarily 
to about 10,000,000 gallons per day, while the aggregate quantity of 
water used in the various processes in the mills, including those in 
Methuen, amounts to somewhat more than 50,000,000 gallons per 
day, of which about 17,000,000 gallons are badly polluted.

The town of Methuen, which had a population of 15,189 in 1920, 
has grown rapidly in recent years, having increased 6,513 in the past 
15 years. The town is provided with a sewerage system through which 
the sewage is discharged into the sewerage system of the city of Law
rence. There are also several small mills along the Spicket River in 
the thickly settled portion of the town from which small quantities 
of manufacturing wastes find their way into the stream.

South of Lawrence is the town of Andover, the sewage of which, as 
already stated, is now discharged into the Merrimack River within 
the limits of Lawrence. The growth of the town in population was 
somewhat slow up to about 1920, but the recent construction of large 
mills in Shawsheen Village with numerous dwelling houses in the 
neighborhood has caused a rapid growth in population in recent years.

There are six mills in Andover, including the new Shawsheen Mills, 
in which the amount of water used in the various processes with the 
new mills in operation will amount to about 5,600,000 gallons per day. 
Of this quantity slightly over 4,000,000 gallons are likely to be objec
tionable, and allowance has been made for the discharge of these 
objectionable wastes into the sewers of the town which will convey 
them to the Merrimack River.

East of Andover is North Andover, the populated portions of which
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lie chiefly in the valley of Cochickewick Brook. The number of in
habitants in the town in 1920 was 6,265, an increase in the last 15 
years of 1,651. The construction of a system of sewers was begun 
some 20 years ago and the thickly settled portions of the town are now 
quite completely provided with sewers. There are two sewerage dis
tricts, one at a comparatively high level which collects the sewage from 
the easterly side of the town and discharges it into the Merrimack 
River at the mouth of Cochickewick Brook; the other is at a lower 
level with an outlet extending from Sutton Street to the Merrimack 
River near the mouth of the Shawsheen River. The early sewers were 
constructed on the combined plan, but the separate plan has been 
adopted in the construction of sewers in more recent years.

There are three woolen mills along Cochickewick Brook in North 
Andover and one near the mouth of the Shawsheen River which use 
in the aggregate about 1,000,000 gallons of water per day in their 
various processes, including at two of the mills the scouring of wool. 
Of this quantity of waste, some 440,000 gallons are of a character to 
cause serious pollution of the streams.

The next point at which the Merrimack River receives considerable 
pollution below the city of Lawrence is at Haverhill, 7 miles distant 
from Lawrence in a straight line and about 10 miles distant by river. 
The population of Haverhill in 1920 was 53,884. The city has grown 
steadily, the total increase in population having amounted to 16,054 
in the 15 years which ended in 1920. The city is provided with a 
system of sewerage extending throughout practically all of the thickly 
settled areas on both sides of the river. The sewers have been con
structed for the most part on the combined plan, though the separate 
plan has been employed in extensions in recent years. All of the 
sewage of the city is discharged into the river at 31 or more sewer 
outlets, most of which are on the north side, the total quantity of 
sewage probably averaging at the present time about 5,500,000 gallons 
per day. (See plan No. 4.) Besides sewage, the river receives at 
Haverhill and Groveland the wastes from several mills, including 
woolen mills, a tannery and other establishments, which use a total 
of about 5,500,000 gallons of water per day in their processes, of which 
about 365,000 gallons are badly polluted. A box board works using 
over 4,000,000 gallons of water per day discharges considerable heavy 
matter into the stream.

Below Haverhill on the south side of the river is the town of Grove- 
land, which had a population of 2,650 in 1920, collected chiefly in the 
main village near the southerly bank of the Merrimack River, about
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3 miles below Haverhill Bridge. While the town has a water supply, 
it has no general system of sewers. The manufacturing wastes, of 
which there is a considerable quantity, have been included with those 
of Haverhill.

East of Groveland Bridge on the southerly side of the river is the 
town of West Newbury which in 1920 had a population of less than 
1,500. The town is not provided with a water supply or a system of 
sewers, and there are no factories of consequence within its borders.

North of the river east of Haverhill is the town of Merrimac which 
had a population in 1920 of 2,173. The town is not yet provided with 
a general system of sewers, though there are a few sewers in the main 
village, but no considerable quantities of sewage or other waste matters 
reach the Merrimack River from this town.

East of Merrimac is the town of Amesbury, the most densely popu
lated portions of which are situated in the valley of the Powow River 
about a mile above its confluence with the Merrimack. The town had' 
a population in 1920 of 10,036 and has grown very slowly, having in
creased but 1,196 in the last 15 years. The town is provided with a gen
eral system of sewerage built upon the separate plan, the installation of 
which was begun about 12 years ago. The system comprises at present 
about 18.5 miles of sewers, and it is estimated that in 1923 it served 
more than 60% of the population of the town. The sewage, amount
ing to about 800,000 gallons per day, is discharged into the Merri
mack River near the mouth of the Powow River through a pipe laid 
upon the bottom of the stream to an outlet located at a considerable 
distance from the northerly bank. (See plan No. 4.) The town con
tains many factories and mills, but very few of them use any consider
able quantity of water in manufacturing processes. The total quantity 
of water used for this purpose in the town probably does not materi
ally exceed 200,000 gallons per day, of which less than 5,000 gallons 
per day are seriously polluted.

East of Amesbury and bordering the sea is the town of Salisbury, 
the permanent population of which, according to the census of 1920, 
was 1,701. During the summer season, however, a large population is 
found at Salisbury Beach along the ocean front of the town which is 
visited by rapidly increasing numbers of persons. Several years ago a 
private company installed a system of sewers for the dwellings near 
the southerly end of the beach which has an outlet into a creek drain
ing into the Merrimack River a short distance above its mouth. The 
outlet was authorized only for temporary use with the plan of extend-
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ing the sewer at a later time to the Merrimack River. It is probable 
that the population of this district at times during the summer may 
reach 10,000, and larger numbers are no doubt present there on Sun
days and holidays. During most of the year, however, the quantity 
of sewage discharged at this outlet is small.

The city of Newburyport is situated on the south bank of the river 
3 miles or more from its mouth. The population of the city in 1920 
was 15,618. Its growth has been very slow, the increase in population 
having been about 1,000 in the past 15 years. The city has long been 
provided with a system of sewers constructed for the most part on the 
separate plan, the main outlet of which is located near Half Tide Rock 
in the Merrimack River at the lower end of the city. (See plan No. 
4.) There are in addition one or two small outlets serving short lengths 
of sewers which it was found impracticable to drain to the main sewer 
by gravity. The total quantity of sewage discharged from this city at 
present is about 1,600,000 gallons per day. None of the factories in 
Newburyport at the present time use large quantities of water in 
manufacturing processes and there is little or no foul manufacturing 
waste of consequence discharged into the river or its tributaries within 
the limits of the city.
Results of the E xamination of the M errimack R iver in M assa

chusetts.
The results of the examination of the Merrimack River show that 

the pollution discharged into the stream and its tributaries in New 
Hampshire and in Massachusetts above the city of Lowell affects some
what the condition of the river as it reaches the latter city, but, while 
this pollution is increasing, the increase is slow7. The amount of water 
running in the river is ample for the effectual dilution of the polluting 
matters discharged into the stream at the present time and its condi
tion in this part of the course is unlikely to become seriously objection
able for many years unless the rate of increase in the pollution on the 
watershed becomes much greater than has hitherto been the case. This 
statement does not hold true of the tributaries, however, since the 
Nashua River is very badly polluted throughout most of its length in 
Massachusetts before joining the Merrimack in New Hampshire. The 
condition of the Nashua River is so objectionable, especially its upper 
waters, because of pollution by sewage and manufacturing wastes that 
more effective treatment of these wastes is required and an improve
ment in the condition of this river will reduce the pollution of the
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Merrimack above Lowell. The great quantity of sewage and manu
facturing wastes discharged into the Merrimack River in its course 
through Lowell has a very serious effect upon the condition of the 
stream, especially below the city. The long mill pond between Lowell 
and Lawrence, however, affords opportunity for oxidation, sedimenta
tion and the other improvements that naturally take place under such 
conditions, but nevertheless the quantity of dissolved oxygen in the 
water decreases materially in this section of the river and there is a 
marked increase in the quantity of organic matter present as compared 
with the quantities in the water above the city of Lowell.

Into this water, already seriously polluted, are discharged large addi
tional quantities of polluting matters from sewers and manufacturing 
establishments in Lawrence and neighboring towns, while a few miles 
farther down the sewage from Haverhill adds materially to the great 
quantity of polluting matter discharged into the river in this portion of 
its course. The effect of this pollution is most serious in the neighbor
hood of Haverhill and for several miles below that city where the water 
is offensive and the bed and banks of the river are foul, while in the 
drier part of the year floating masses of sludge cover the surface of the 
stream in more or less abundance for several miles.

The foul condition of the river in this region is due to the cumulative 
effect of the great quantities of sewage and manufacturing waste dis
charged into the river and its tributaries in Lowell, Lawrence and 
Haverhill and in the adjacent towns at points so close together that 
the river has little opportunity to recover from the discharge at one 
place before it is again heavily polluted by the discharge from the 
next. The conditions are made more serious by variations in the flow 
of the river, and especially by the obstructions caused by the move
ments of the tides, in consequence of which the concentrated pollutions 
are carried back and forth in the upper reaches of the tidal section of 
the river until they are slowly and gradually carried down to the sea.

The very objectionable condition of the river at Haverhill, as already 
stated, continues down stream for several miles, but below Rocks 
Bridge — about 7 miles below Haverhill — its condition gradually 
improves, the floating sludge masses disappear and the bed and banks 
of the river become less objectionable in appearance and odor. About 
2 miles below Rocks Bridge and 9 miles below Haverhill the river enters 
the broad reach known as the Middle Ground which extends for several 
miles. In this region the banks of the river are lower and the channel 
broadens to a general width of half a mile. Extensive shallows and
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sand bars are found in this section of the river and wide areas of flats 
are exposed at low tide, but their condition was not found to be objec
tionable during the past summer, though formed no doubt by sediment 
deposited in this region by the slacking of the current as the salt water 
meets the fresh. Beyond the Middle Ground, which extends for a 
distance of four miles, the width of the river rapidly decreases as it 
approaches the narrow channel known as the Lions Mouth about a 
mile above the Powow River. From this point to the bridge at New- 
buryport the shores are steep and in many places of ledge with a 
number of rocky islands and in this stretch of river very little evi
dence is to be seen of the pollution which the stream receives. Below 
Newburyport the river enters the wide estuary of Newburyport harbor 
from which it discharges into the sea through a short and comparatively 
narrow channel protected by jetties separating the northerly end of 
Plum Island from Salisbury Beach.

E ffect of the T ides.
In order to learn more fully the effect of the tides upon the flow of 

the river and the condition of its waters in the portion of its channel 
between Haverhill and the sea, observations have been made of the 
height and rate of flow of the tides at a number of points in this sec
tion of the river. Surveys and soundings showing the contour of the 
hanks and bottom of the river made by the U. S. Government en
gineers supplemented by observations of the rise and fall of the tide 
at various points during the past summer have been used to estimate 
approximately the contents of the tidal prism, and at the same time 
the salinity of the water at various depths and at a number of points 
has been determined by analysis. From these results it appears that 
under the conditions prevailing at this time salt water flowed up the 
river to the neighborhood of the Lions Mouth at the lov er end of the 
Middle Ground, while the current of the stream above was reversed 
and ran upstream as far at times as a point 2.5 miles above Haverhill 
Bridge.

The sea water does not mingle readily with the river water, however, 
and for several miles below the Lions Mouth the water near the sur
face is partly fresh,, while the sea wmter beneath is practically un
diluted. A study of the velocity of flow in the river both on the in
coming and outgoing tides by means of floats shows that from the 
mouth of the river to Newburyport Bridge, that is, through the channel
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in the wide basin of Newburyport Harbor, the rate of flow upstream 
on the first half of the incoming tide averaged about 1.6 miles per 
hour, while from Newburyport Bridge to the Powow River the current 
averaged 1.4 miles per hour. Above this point the rate of flow gradu
ally becomes slower until it falls to an average of less than 0.5 of a 
mile per hour above Groveland Bridge during the shorter period of the 
incoming tide in this section of the river.

On the outgoing tide the maximum rates of flow are somewhat 
greater though the flow of the river in the first part of the ebb averages 
much slower in the wider portions of the river especially in Newbury
port Harbor. The capacity of the tidal prism at various points in this 
section of the river is shown in the following table:

Table showing Volume of Tidal Prism between Various Points from the Mouth of the 
Merrimack River to Mitchells Falls.

Volume(Gallons). T otal Volume (Gallons).

A bove M itchells Falls . . . . . . . . .M itchells Falls to  H averhill Bridge . . . . . . .H averh ill B ridge to  G roveland Bridge . . . . . .G roveland B ridge to  Rocks Bridge . . . . . . .Rocks B ridge to  Lions M ou th  . . . . . . . .L ions M ou th  to  Powow R iver . . . . . . . .Powow R iver to  N ew buryport Bridge . . . . . .N ew buryport B ridge to  M errim ack R iver M ou th  . . . .

282.700.000305.200.000352.300.000611.900.000166.100.000 961,100,0003,121,400,000

282.700.000587.900.000940.200.0001.552.100.0001.718.200.0002.679.300.0005.800.700.000

P ossibility of the D ischarge of Sewage into the R iver at Some 
P oint below H averhill.

In view of the great quantity of salt water which enters the river 
at every tide, consideration has been given to the practicability of 
collecting the sewage and manufacturing wastes from Haverhill and 
above and discharging them into the river at a point below Haverhill. 
For a considerable distance below the latter city the river is now seri
ously polluted and it would be necessary in any case to carry the 
sewage to some point far enough below Groveland and the thickly 
settled portions of Haverhill to avoid danger that the sewage would 
return to that part of the river on the incoming tide. Such a point 
could be reached by carrying the outlet down to the neighborhood 
of Rocks Bridge, since it is not probable, judging from the observa
tions of the tides, that if sewage were discharged at that point 
it would be carried back again by the incoming tide as far as
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Groveland or the lower portions of Haverhill. But in selecting an 
outlet it is also necessary to locate it at some point far enough down 
the river to insure ample dilution of the sewage at all seasons of the 
year. It is hardly likely that adequate dilution would be obtained at 
Rocks Bridge, since salt water does not run up to this point and the 
additional quantity of water available for dilution as compared with 
the quantity at Haverhill would not be large. Studies of the move
ment of the tides in the river by means of floats indicate that no point 
is reached at which a considerable additional dilution of the sewage 
by salt water would be available unless the outlet were carried down to 
the neighborhood of the Lions Mouth. If the sewage were discharged 
at the Lions Mouth at all times the results might not be seriously 
objectionable on the outgoing tide but water into which the sewage had 
been discharged would be carried by the incoming tide back to the 
Middle Ground and might cause objectionable conditions in that part 
of the river.

In view of the character of this river and its increasing use as a 
place of public recreation throughout the tidal portion, and in view of 
the conditions brought about by the oscillations of the tides, it is un
likely that any permanent outlet for the sewage of Haverhill, including 
that of the cities and towns above, can be found at any point above 
its mouth.

The construction of the works will in any case involve a period of 
several years, and the quantity of sewage discharged at the outlet of 
a trunk sewer system wherever located will no doubt be compara
tively small in the beginning, increasing as the various interceptors 
are connected with the trunk sewer, probably over a period of several 
years. Under the circumstances, there may be no serious objection to 
the discharge of the sewage in the neighborhood of the Lions Mouth 
temporarily, thus postponing for a time the expense for construction 
of the remaining portion of a trunk sewer system to an outlet off the 
mouth of the Merrimack River. If a temporary outlet should be con
structed, it would probably be best to lay a pipe from the pumping 
station to an outlet in the bottom of the river near the middle in the 
neighborhood of the Lions Mouth to be retained as an emergency" over
flow, which would be necessary in any case wherever the outlet may 
be located.
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An Outlet into the Sea.
Studies have been made by means of floats of the movement of the 

tides and currents off the mouth of the Merrimack River with a view 
to selecting a point at which the sewage from the population of the 
cities and towns in the Merrimack River valley in Massachusetts may 
be discharged without creating objectionable conditions. Floats have 
been set off at various distances from the mouth of the river and also 
to the north and south of it and under different conditions of wind and 
tide. The results of these investigations indicate clearly that if the 
sewage were discharged at almost any point at the outer edge of the 
bar off the mouth of the river where the depth of water is 30 feet or 
more at low tide there is no likelihood whatever that any of the sewage 
would be carried to Plum Island or Salisbury Beach or would return to 
Newburyport harbor. All of the float experiments indicate that if the 
sewage were discharged at such an outlet, which could be located about 
1,800 feet, or a third of a mile, from the outer ends of the jetties at 
the mouth of the river, it would neither return to the river nor affect 
in any way the shores to the north or south of it. The studies indicate 
furthermore that an outlet might be located, for a number of years at 
least, within the jetties at some point in the channel about half way 
between the inner and outer end of the south jetty where the dilution 
of the sewage with sea water would be so great that there is no prob
ability that objectionable conditions would be caused by the discharge 
of sewage at this point on the incoming tide, while with the outgoing 
tide it would be quickly carried to sea and thoroughly diffused in the 
water so that its presence would be impossible of detection along the 
shores on either side of the river’s mouth.
Quantity of Sewage requiring D isposal in  the M errimack River 

Valley in  M assachusetts.
There is no doubt that by collecting the sewage and objectionable 

manufacturing wastes which are discharged into the Merrimack River 
and its tributaries in the neighborhood of the stream within the limits 
of Massachusetts the river can be quickly restored to a satisfactory con
dition since, once the pollution is removed, the great freshets which 
occur in this stream in practically every spring would eventually scour 
away most of the effects of the pollution which it has thus far received.

In order to determine the extent and cost of the works required for 
such an improvement, an estimate has been made of the quantity of 
sewage entering the river from the various municipalities, supplemented
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by a careful study of the amount and character of the manufacturing 
wastes discharged into the stream and its tributaries from the various 
mills along its course within the limits of the State. In view of the 
fact that the sewers of the principal cities have been designed for the 
most part on the combined plan and are used both as sewers and as 
drains for the removal of storm water, it will obviously be impracticable 
to build works of sufficient size to remove all of the flow of sewage 
when greatly augmented by rain water. In designing a trunk sewer for 
this valley, therefore, allowance has been made for taking only the dry- 
weather flow of sewage, allowing the excess at times of rain or when 
snow is melting rapidly to overflow into the river at the present outlets. 
The river would thus still continue to be polluted by sewage at times 
of storm, but the quantity of sewage discharged in this way would be 
but a small percentage of the present total. The bulk of such dis
charge would occur in any case at times of high flow in the stream in 
the winter and spring when the quantity of water running in the river is 
large and such discharges would not be sufficient to create objectionable 
conditions anywhere in the river at any time.

It is obvious that it wrould have been impracticable within the limi
tations of the resolve to measure accurately the flow from the great 
number of sewer outlets now discharging into the river under all the 
varying conditions occurring at different seasons of the year. It has 
accordingly been necessary to estimate the flow of sewage from each 
outlet and the probable aggregate amount of sewage to be cared for 
from each community, taking into account the various factors which 
affect the flow of sewage under the conditions which exist in the cities 
and towns along the river. The dry-weather flow of sewage ordinarily 
varies considerably at different seasons of the year and on different 
days in the week, as well as from hour to hour during the day, and it 
is necessary that the system should be large enough to care for all of 
the sewage flowing at all times, except when the flow is augmented by 
rain water or melting snow. In order to insure the removal of all the 
sewage under such conditions, allowance must be made for such varia
tions, and in order to avoid overflows at times of maximum flow in 
dry weather, it is necessary to divert a part of the storm water with the 
sewage in the case of combined systems of sewers. It is desirable, 
however, in any case, to take a small part of the rain water, especially 
the first wash of the streets w7hich ordinarily contains much polluting 
matter.

A trunk sewer for the valley of the Merrimack River would have a 
length of approximately 36 miles, and the quantity of sewage would be
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augmented at different points between its upper end at Lowell and the 
lowest point at which a considerable quantity of sewage would enter, 
viz., at Newburyport. It is essential in making a design for the sewer 
to take into account the maximum flow that may result at any point 
along its course under these conditions. In a table which follows is 
presented an estimate of the average and maximum quantities of 
sewage and industrial wastes discharged at the present time from each 
of the communities along the river which it would be necessary to 
receive into a trunk sewer.

M anufacturing Waste.
Besides the sewage flowing from the shwers of the cities and towns it 

will be necessary to care for objectionable manufacturing wastes if the 
river is to be restored to a satisfactory condition. In order to deter
mine the amount of such wastes as are causing serious pollution 
of the river and which it is desirable to remove in a trunk sewer 
system, each of the factories in the various cities and towns along the 
river has been inspected, the quantities of waste determined and 
samples of many of the wastes have been collected for analysis. With 
this information as a guide, an estimate has been prepared showing 
the quantity of manufacturing wastes which is now materially polluting 
the river or its tributaries. The results of this investigation indicate 
that the quantities of waste requiring disposal at the present time from 
the various cities and towns in the valley under good business condi
tions are about as shown in the following table:
Quantity of Industrial Wastes discharged into the Merrimack River or its Tributaries

in Massachusetts.

C ity  or T ow n .
T o ta l

Q u a n t i ty  o f 
I n d u s t r ia l  

W a s te  
(G a llo n s  

p e r  D a y ) .

Q u a n t i ty  
M a te r ia l ly  

p o l lu t in g  th e  
R iv e r  o r  i ts  
T r ib u ta r ie s  

(G a llo n s  
p e r  D a y ) .

N u m b e r  
o f  M ills  

rep resen tec

T y n g s b o ro u g h  . . . . . . . . N o n e N o n e N o n eC h e lm sfo rd  . . . . . . . . 1,024,080 750,000 2
D ra e u t. . . . . . . . . . 0,008,000 2,051,000 3
B ille r ic a  . . . . . . . . . 900,000 323,000 2L o w ell & T e w k s b u ry  . . . . . . . 11,770,820 5,908,040 28
L aw ren c e  &  M e th u e n  . . . . . . . 53,541,915 17,285,420 28A n d o v e r  . . . . . . . . . 5,000,000 4,018,500 0N o r th  A n d o v e r  . . . . . . . . 1,052,200 438,200 4H a v e rh i l l  & G ro v e l a n d  . . . . . . 5,570,620 368,420 9M e rrim a c  . . . . . . . . . N o n e N o n e N o n eA m e s b u ry  . . . . . . . . . 210,500 4,000 3W e s t N e w b u ry  . . . . . . . . N o n e N o n e N o n eN e w b u ry p o r t  . . . . . . . . 1,000 N o n e 1S a lis b u ry  . . . . . . . . . N o n e N o n e N o n e

T o ta l  . . . . . . . . . 85,757,835 31,147,180 86
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In planning to intercept and remove manufacturing wastes in addi

tion to the sewage of the cities and towns into a main trunk system, 
it has been necessary to take into account the volume of wastes dis
charged at different times and at different hours of the day in order 
to avoid surcharging the trunk sewer system by the discharge into the 
trunk sewer or its tributaries of large quantities of wastes within a 
limited time. Making allowance for variations which may reasonably 
be expected in the amount of manufacturing waste discharged from the 
mills as shown by the results of the examination of each of the mills 
along the river, and combining the estimated quantities thus obtained 
with the estimated flow of sewage from the various cities and towns, the 
following table has been prepared showing the quantity of sewage 
and manufacturing waste requiring disposal from point to point along 
the valley under good business conditions.

It is of course improbable that all of the machinery would be operat
ing in all of the mills at any one time unless possibly for a very brief 
period, and it is obviously not essential to design a trunk sewer to take 
the full quantity of wastes which would be discharged under such an 
assumption. Allowance has therefore been made for taking the quantity 
of wastes that would be discharged in a year of good business condi
tions when the amount of waste would be greater than in 1923 but not 
as great as would be represented by the full operation of all machinery 
in all mills. It will be possible in the future to remove a greater pro
portion of the manufacturing wastes if necessary than has herein been 
allowed for by providing storage tanks at the mills to equalize the flow 
to the sewers.
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Table showing Estimated Quantities of Sewage and Manufacturing Waste in the 
Merrimack Valley requiring Disposal through a Trunk Sewer at the Present 
Time — 1923.

T  yngsborough Chelmsford D racu t Billerica Lowell Tew ksbury 
Lawrence \  M ethuen  /  Andover N orth  A ndover H averhill 1 G roveland j M errim ac . A m esbury . W est New bury N ew buryport Salisbury .

T o ta l .

G a l l o n s  p e r  D a y .
M u n ic ip a l it y .

Average D ry  Average MaximumW eather Flow. R ates of Flow.

750.000223.000191.00012,980,000

900.000540.000460.00021,930,000
13,600,000
4.780.000780.000
5.700.000

760.000
1.600.000

41,364,000

24.900.000
5.220.0001.460.000

10.950.000
1.190.000
2.500.000

70.050.000

In constructing a sewer of the length required for the removal of the 
sewage and manufacturing wastes from the Merrimack valley to an 
outlet into the sea, it is obviously desirable to construct the works 
of sufficient capacity to allow for future growth and prevent the neces
sity of duplicating all or expensive parts of the works within a com
paratively short period of years in the future. The extra cost of pro
viding for a reasonable future growth at the present time is likely to be 
small compared with the extra cost of enlarging the works within a 
comparatively few years. It is difficult to estimate the future growth 
of a district such as the Merrimack valley, but it is true that similar 
industrial districts in this country and in England have continued to 
grow regularly over a very long period of years. It seems reasonable to 
assume that the cities and towns will continue to increase in population 
about as indicated by past growth and that there will be a gradual in
crease in the quantity of manufacturing waste requiring disposal from 
industries in this valley.

In order to allow for such growth it has been estimated that the 
population of the valley may increase about as shown in the table on 
page 19 and that the following quantities of sewage and manufacturing 
wastes may require disposal within the next 40 years, that is, up to 
1965.
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Table showing Estimated Quantities of Sewage and Manufacturing Wastes in the 
Merrimack Valley requiring Disposal in a Tr unk Sewer in 1965.

M u n ic ipa lit y .
G allons

Average D ry W eather Flow.

per  D ay.

Average M aximum  R ates of Flow.

Tyngsborough . . . . . . . . .Chelmsford . . . . . . . . . 1,060,000 2,520,000D racut . . . . . . . . . . 1,540,000 2,800,000Billerica . . . . . . . . . . 1,230,000 2,270,000Lowell . . . . . . . . . . 22,470,000 42,770,000Tewksbury . . . . . . . . . 410,000 670,000Lawrence \  Methuen f 30,575,000 62,100,000
Andover . . . . . . . . . . 6,900,000 8,510,000North Andover . . . . . . . . . 1,640,000 2,830,000Haverhill . . . . . . . . . . 11,110,000 21,130,000Groveland . . . . . . . . . . 410,000 670,000Merrimac . . . . . . . . . . 340,000 530,000Amesbury . . . . . . . . . . 1,470,000 2,450,000West Newbury . . . . . . . . . — —
Newburyport . . . . . . . . . 2,540,000 4,520,000Salisbury . . . . . . . . . . 1,500,000 2,800,000

T o t a l .................................................................................................... 84,185,000 156,570,000

r

Plan of a T runk Sewer to serve all of the Cities and T owns 
in  the Valley of the M errimack R iver in  M assachusetts 
with an Outlet into the Sea.

In order to design a trunk sewer to serve all of the cities and towns 
in the Merrimack valley mentioned in the resolve, it has been necessary 
to examine the sewerage system of each city and town to ascertain the 
elevation of the various sewers, to determine the probable quantity of 
sewage likely to be contributed by each, and to select a practicable 
location for a trunk sewer and tributaries of sufficient size for present 
needs and capable of providing reasonably for future growth of the 
communities which the system is designed to serve.

The results of the investigations show that it is practicable to collect 
the sewage from all of the sewer outlets in Lowell at a convenient point 
on the south bank of the Merrimack River about 800 feet east of or 
below the mouth of the Concord River, and this point has been selected 
as the upper end of the main trunk sewer. In order to collect the 
sewage of Lowell now discharged on the northerly side of the Merri
mack River into the proposed trunk sewer, it will be necessary to con
struct an intercepting sewer along the northerly bank of the river from 
a point opposite North Chelmsford to a point opposite Myrtle Street 
extended and about 1,200 feet below the bridge at Bridge Street, from 
which point the sewer would cross the river by means of an inverted
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siphon and enter the upper end of the proposed trunk sewer on the 
southerly bank of the river. This intercepting sewer is designed to 
receive at its upper end the sewage of the villages of North Chelmsford 
and West Chelmsford which would be conveyed across the river through 
an inverted siphon to the upper end of the proposed intercepting sewer. 
The sewage of Tyngsborough, whenever that town may require sewer
age, can be discharged into this sewer either on the northerly bank of 
the river or near North Chelmsford on the southerly bank. This in
tercepting sewer is designed to receive also the sewage of Draeut at a 
point near the easterly bank of Beaver Brook to which the sewage of 
the thickly settled areas in Draeut, including manufacturing wastes, 
can be brought by gravity.

On the south side of the Merrimack River the present Aiken Street 
sewer can be intercepted and conveyed across the river by means of an 
inverted siphon to the proposed north side intercepting sewer near the 
northerly bank of the stream at approximately the junction of Aiken 
Street and Lakeview Avenue. The existing intercepting sewer which 
serves the southerly side of the Pawtucket canal can, with extensions, 
be made to serve the remainder of the westerly portions of the city of 
Lowell south of the river. The capacity of the existing main sewers in 
this section of the city is sufficient for present requirements, and by 
removing the storm water from some of the areas served by these 
sewers, the system can be made adequate for the areas indicated for a 
considerable number of years in the future. This system can also be 
utilized to receive the sewage of Billerica by means of a sewer ex
tended through the valley of the Concord River to North Billerica. 
In the easterly part of the city a few small sewers will be intercepted 
directly by the trunk sewer.

At its upper end the proposed trunk sewer would have a diameter 
equivalent to about 6.5 feet and the elevation of its invert would be 
about 53 feet above mean low water at the mouth of the Merrimack 
River. Beginning at this point the slope of the trunk sewer would be 
about 1 in 2,600, and its capacity, flowing three-quarters full, would be 
about 51,000,000 gallons per day. It would follow closely the south 
bank of the river in most places and thus continue to Lawrence where 
its diameter would be gradually enlarged as it passes through Wolcott 
Avenue and Merrimack Street to an equivalent of about 10 feet and its 
capacity to about 97,000,000 gallons per day. In passing through 
Lawrence the sewers on the south side of the river would be inter
cepted directly by the trunk sewer with some minor changes in local 
systems. The trunk sewer would be low enough also to receive the
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manufacturing wastes from the various mills and allowance has been 
made in the estimates of cost for connections with the mills but no 
allowance has been made for construction within the premises of the 
mills.

The sewers from all of the present sewer outlets in the city of Law
rence north of the Merrimack River may be intercepted by a main 
sewer laid in Water and Canal streets from a point in Water Street a 
short distance above the dam to Union Street, and passing thence 
through a siphon beneath the river to a connection with the trunk 
sewer at the junction of South Union and Merrimack streets. The 
sewage from the easterly part of the city north of the river can be 
brought to this siphon by means of a sewer extending from the junction 
of Kimball and Marston streets through Marston and Canal streets, 
intercepting all existing outlets in this part of the city. Another tribu
tary to this intercepter would receive the sewage of the present trunk 
sewer in the valley of the Spicket River and convey it through Garden 
and Union streets, or possibly by some more convenient route, to the 
head of the siphon at Union and Canal streets. This intercepting 
system on the north side of the river would receive, in addition to the 
sewage of Lawrence, all of the sewage of the town of Methuen, includ
ing the manufacturing wastes now discharged from this section into 
the sewers in the Spicket River valley. It is probable that the sewage 
of the easterly section of Lawrence, together perhaps with adjacent 
areas in Methuen near the river which are not now thickly populated, 
could eventually be brought into the trunk sewer most conveniently by 
a second crossing of the river near the foot of Hoffman Avenue within 
about a quarter of a mile west of the Methuen boundary.

The sewage of Andover which now discharges into the Merrimack 
River through Lawrence can be connected with the trunk sewer by 
gravity, though in that case the lower part of the Andover sewer would 
operate under a head of about 5 feet when the trunk sewer was running 
to capacity. The Andover sewer towards its lower end was laid at a 
low level compared with other sewers on this side of the river in order 
that it might receive sewage from certain low areas in Lawrence through 
which it passes to the river. If only those parts of these low areas 
which are sufficiently above the river level to be free from flooding at 
times of freshet are connected with the Andover sewer, that sewer can 
be operated by gravity in the manner already stated. It may be found 
desirable, however, to rebuild the lower 2,700 feet of this sewer at 
some future time and thus avoid the necessity of operating it under a 
head.
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The sewage of North Andover which now discharges through two 

outlets into the Merrimack River just below Lawrence would be inter
cepted by the trunk sewer by gravity at the points at which the trunk 
sewer would cross these outfalls.

At a point a short distance west of the North Andover railroad 
station the line of the trunk sewer would turn from Merrimack Street 
toward the Merrimack River and from that point would follow the 
south bank of the stream in private land between the railroad and the 
river with a diameter of approximately 10 feet and a capacity of about 
110,000,000 gallons per day to a point near Ward. Hill in the extreme 
westerly portion of the city of Haverhill. From this point the sewer 
would turn away from the river and pass through a tunnel under the 
southerly shoulder of Ward Hill, reaching the southerly bank of the 
river again near the upper end of the thickly settled part of the city of 
Haverhill. The trunk sewer would continue thence along the south 
bank of the river, intercepting all of the principal sewers of the city 
south of the river to a point about 3,700 feet down stream from the 
Haverhill Bridge. At this point the sewer would pass beneath the 
river through an inverted siphon to a point on the northerly bank near 
the junction of Water and Groveland streets.

The principal part of the city of Haverhill lies on the north side of 
the river and the sewage from that part of the city would be brought 
to the trunk sewer by means of three inverted siphons laid beneath 
the bed of the stream to connections with the trunk sewer on the 
southerly bank. The uppermost of these siphons would receive the 
sewage from the westerly part of the city by means of a new intercept
ing sewer designed to collect the sewage from several small sewers 
which discharge into the river in this region and would be laid across 
the river about 2,200 feet upstream from the Railroad Bridge. The 
second siphon, which would cross the river about 1,000 feet below the 
Railroad Bridge, would convey to the trunk sewer all of the sewage 
from the central portions of the city which is now discharged through 
the outlets in the neighborhood of the Railroad Bridge and in the 
region of Washington Square. To this siphon also would be brought 
the sewage which is now discharged from the Little River valley. New 
sewers would be required in certain sections of this district in order to 
collect the sewage from existing sewers and convey the dry-weather 
flow to the siphon. The third siphon would cross from the north side 
of the river at the foot of Lindel Street, and by the construction of a 
short length of intercepting sewer would receive all of the sewage from
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outlets between the Haverhill Bridge and Mill Street. The sewage of 
the eastern part of the city north of the river would be intercepted 
directly by the trunk sewer with one or two short connections. As it 
passes through the easterly section of Haverhill the size of the trunk 
sewer would be increased to approximately 11 feet in diameter and its 
capacity to about 116,000,000 gallons per day.

From Haverhill the trunk sewer would follow Water Street and 
Lincoln Avenue to Groveland Street near the north bank of the river, 
receiving the sewage of Groveland whenever sewers may be built in 
that town through an inverted siphon crossing the river at some point 
in the neighborhood of Groveland Bridge. From this connection the 
sewer would follow the north bank of the river through the easterly 
part of Haverhill, as yet thinly populated, passing the villages of Rock 
Village and Merrimacport to a proposed pumping station to be located 
in Amesbury on the north bank of the river about opposite the mouth 
of the Artichoke River, receiving by gravity as it passes Merrimacport 
the sewage of the town of Merrimac whenever a sewerage system may 
be constructed in that town. The trunk sewer, the invert of which as 
it reaches the pumping station would be at grade —2.0, is also designed 
to receive at that point the sewage from the town of Amesbury which 
is now discharged directly into the Merrimack River near its northerly 
bank on the upstream side of the Powow River. It will not be difficult 
to divert the Amesbury sewage directly to the proposed pumping 
station by gravity through a sewer about 1.5 miles in length laid up
stream from the present outfall sewer along the northerly bank of the 
Merrimack River.

At the pumping station provision would be made for pumping the 
sewage at all times as fast as it is received, and the construction of a 
reservoir or large pump well would be avoided.

From the pumping station force mains consisting ultimately of two 
60-inch pipes would be laid across the river and up the steep slope along 
the easterly side of the Artichoke River to the highway crossing at a 
point just east of the Artichoke River and about 600 feet from the 
Merrimack River, whence the trunk sewer laid at a higher level, would 
continue toward Newburyport, having a diameter of about 11 feet and 
a capacity of 119,000,000 gallons per day. The elevation of the invert 
of the trunk sewer at the end of the force mains would be about 34 feet 
above low water at the mouth of the Merrimack River.

From the end of the force mains the trunk sewer would follow along 
the eastern slope of the Artichoke River valley to the southerly side of
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the State road about a quarter of a mile east of the latter stream, at which 
point it would turn to the east through private land and highways, as 
shown on an accompanying plan (plan No. 2), to the neighborhood of the 
Boston & Maine Railroad in Newburyport. At this point it would turn 
to the south, following the railroad for half a mile and thence run easterly, 
crossing the Newbury Old Town Road at a point in Newbury about a 
quarter of a mile south of the Newburyport boundary to Ocean Avenue. 
From the latter point the sewer would be laid as an inverted siphon or 
pressure line to Plum Island, thence northerly to the extreme northerly 
end of the island, from which point an outfall sewer would lead to an 
outlet into the sea beyond the mouth of the river with a temporary 
outlet, if such a plan should be found desirable, discharging inside the 
jetties. The permanent outfall sewer would be a tunnel about 4,000 
feet in length laid to a point of discharge off the bar in 30 feet or more 
of water at low tide.

The portion of the trunk sewer from the end of the force main near 
the Artichoke River to the highway leading to Plum Island throughout 
most of its length can be constructed as a cut-and-cover line in the 
location found most convenient for the purpose. As it passes the 
southerly end of the thickly settled portion of Newburyport, the 
sewage of Newburyport can be discharged into the proposed trunk 
sewer by pumping it through a force main about one mile in length, 
the total lift being about 25 feet. The pumping station would be 
located near the head of the present Newburyport outfall sewer.

The sewage of Salisbury Beach in Salisbury is at present discharged 
into the head waters of Black Rock Creek in the rear of the beach and 
is likely to cause objectionable conditions in this neighborhood if the 
quantity increases materially beyond the amount now discharged there. 
A sewerage system will no doubt eventually be provided to serve the 
entire beach, and as this section is likely to continue to develop as a 
summer resort in the future a better means of sewage disposal will 
soon be required. It will probably be practicable to dispose of the 
sewage of this section of the town satisfactorily by extending the 
sewer to the Merrimack River near its junction with Black Rock 
Creek. If deemed desirable the sewage of Salisbury could be brought 
across the river just inside the harbor and discharged into the trunk 
sewer near the head of the outfall sewer, but the expense would be 
considerable. The central portion of Salisbury and the village of East 
Salisbury are sparsely populated and not at present in need of sewers. 
It seems likely that the population in this region, especially in East
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Salisbury, may grow considerably in the future and sewers may become 
necessary in that part of the town. It is also possible that the portion 
of the town near Amesbury will become more thickly populated in the 
future than at the present time. The disposal of the sewage of the 
portion near Amesbury can probably best be accomplished, if sewerage 
should ever become necessary there, by connecting the sewers with the 
Amesbury system. For East Salisbury, if sewers should become neces
sary in that part of the town, a connection can probably best be made 
with the Newburyport system by means of an inverted siphon beneath 
the Merrimack River. If such a connection should be made, the sewage 
of the Salisbury Beach section could probably also be brought into the 
general trunk system conveniently through a connection with East 
Salisbury and the Newburyport sewers.

Estimate of the Cost of a T runk Sewer to serve all of the 
Cities and T owns in  the Valley of the M errimack R iver in 
Massachusetts.

The total length of the main trunk sewer from its point of beginn
ing just below the mouth of the Concord River in Lowell to the pro
posed outlet into the sea off the bar at the mouth of the Merrimack 
River is 36.1 miles. Estimates have been made of the cost of the main 
trunk sewer as herein outlined and of the cost of tributary intercepting 
sewers and connections. In the entire system there will be but one 
main pumping station which would be located on the north bank of the 
Merrimack opposite the mouth of Artichoke River and one subsidiary 
pumping station for pumping the sewage of Newburyport into the 
main trunk sewer. The estimated cost of these pumping stations, in
cluding the force mains and all appurtenances, has been included in 
the cost of the main system. No pumping is necessary other than at 
these two stations, and no treatment works have been provided for at 
any point. Of course, in taking large quantities of manufacturing 
waste into the sewers it may be found necessary or desirable at some 
future time to treat some of these wastes for the removal of objection
able properties before they enter the trunk sewer system, but with 
so large a quantity of sewage it is doubtful whether any treatment 
will be needed other than the removal of heavy matters which would 
not be carried along by the current in the sewer. Below each of the 
principal cities, a grit chamber has been provided for on the main 
trunk sewer for the removal of any heavier matters that may be washed 
into it from the combined sewers or may be discharged in manufacturing
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wastes. These grit chambers would consist of two compartments, to 
facilitate cleaning, and allowance has been made for the extra cost of 
these works. The estimate of cost presented in the following table is 
based on prices as they existed before the war. There has been a great 
variation in the cost of such works since the war began, and especially 
since its close, and any cost estimate presented for the present time 
might be very materially changed by changes in the price of labor and 
materials within a few months.

The entire line has been examined on the ground and the probable 
amount of ledge noted, as well as those parts in which special diffi
culties may be encountered for which it is believed adequate allowance 
has been made; but it has not been possible with the time and money 
available to make surveys or soundings to determine more exactly the 
character of the soil in which the sewers would be laid. Such a study 
would necessarily be made for the final design and location of the works.

Estimates of Cost of Proposed Trunk Sewer from Lowell to the Sea, including Costs of 
Tributaries and Changes in Local Sewerage Systems.

[The estim ates are based upon prices for labor and  m aterial prevailing before the war.]

MainT ru n kSewer.
LocalCon

nections,etc.
Total.

$75,500
- 29,500 $105,000
- 37,000 37,000
_ 368,000
- 21,000 389,000

$1,214,000 - 1,214,000
- 232,000

66,000 298,000
520,000 - 520,000

- 14,000 14,000
- 4,000 4,000

984,000 - 984,000
_ 87,000 _
- 12,000 99,000

885,000 - 885,000
1,583,000 - 1,583,000

- 41,000 41,000
199,000 - 199,000
132,000 - 132,000
735,000 - 735,000

Chelm sford:Connections to  Lowell system :N orth  Chelm sford ......................................................................................Chelmsford C e n t e r ......................................................................................
Billerica:C onnection to  Lowell system  
Lowell and  D racut:N orth  side interceptor, siphon and  m ajor changes in sewerage system  

Storm  w ater regulators and  m inor local changes . . . .  
Lowell to  Lawrence:T ru n k  sewer and  ap p u rte n an c es ...................................................................
Lawrence and  M ethuen:N orth  side interceptor, siphon and  m ajor changes in  sewerage system  Storm  w ater regulators, industria l p lan t connections and  m inor local

c h a n g e s ..........................................................T ru n k  sewer through Lawrence 
Andover:O utle t sewer c h a n g e s ......................................N orth  A ndover:C onnections to tru n k  sewer Lawrence to  H averhill:T ru n k  sewer and  appurtenances 
H averh ill: .Main sewer changes and  siphons Storm  w ater regulators, m inor changes, etc.
H averhill:T ru n k  sewer and  appurtenances in th e  city  
H averh ill to m ain  pum ping  station :T ru n k  sewer and  appurtenances 
A m esbury: . . ,C onnection to  m ain  pum ping  station  .
P um ping  station  — m ain tru n k  sewer:P um p  well, building, pum ping equ ipm ent, etc.
Force m ain and  river crossing:P ipe lines and  term inal cham ber A rtichoke R iver to  N ew bury:T ru n k  sewer and  appurtenances
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Estimates of Cost of Proposed Trunk Sewer from Lowell to the Sea, including Costs 
of Tributaries and Changes in Local Sewerage Systems—'Concluded.

[The estim ates are based upon prices for labor and  m aterial prevailing before the war.]

MainT ru n kSewer.
LocalConnections,etc.

Total.

N ew buryport:Main sewer changesPum ping station  and  a p p u r t e n a n c e s ..................................................Force m ain . . . . .T runk sewer — N ew bury to  P lum  Island:Pressure line . . . .Outfall sewer:Down take shaft and  outfall t u n n e l .........................................................O utlet w o r k s ......................................
Total ..................................................................................................................Add 15% for engineering & c o n tin g e n c ie s ................................................

Land takings, etc. — m ain tru n k  s e w e r ................................................
Total estim ated cost of w o r k s .........................................................

$>49,000
635.000100.000

$20,00015.00018.000 $53,000
549.000

735.000
S7.536.0001,130,400 $1,040,000156,000 $8,576,0001,286,400
$8,666,400130,000 $1,196,000 $9,S62,400130,000
S8,796,400 $1,196,000 89,992,400

N ote A. — A tem porary outle t to a poin t between the  jetties a t the m outh of the M errimack R iver would 
reduce the cost of the  proposed works to §9,394,000.

N ote B. — In  case a tem porary outle t should be constructed near the proposed pum ping station, the 
total cost of the system  to th a t  point, including pum ping station  and  outlet to river, would am ount to 
S7.650.000.

From the foregoing table it will be seen that the estimated total cost of 
the system is $9,992,400 of which $8,796,400 are for the construction of 
the main trunk sewer and pumping stations and the remainder for inter
cepting sewers and connections with the main trunk sewer.

Disposal of the Sewage of the M errimack R iver Valley in 
Massachusetts by Independent D isposal W orks for Each 
City or T own or by grouping Contiguous M unicipalities.

The selection of areas suitable for the disposal of the sewage of each 
of the cities and towns in the Merrimack valley and acceptable for 
that purpose is a difficult matter under the circumstances. The popu
lation as a whole is quite dense, though somewhat unevenly distributed, 
the country for the most part is hilly, the banks of the river are gen
erally high, and the topography in many places is unfavorable for the 
economical construction of sewage disposal works. Furthermore, such 
low grounds as are found near the banks of the river or its tributaries 
m the immediate vicinity of the river are in many places subject to 
flooding at times of freshet, a factor of importance in the selection of 
locations for such works. The chief difficulty, however, is in finding
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locations where works of this character can be operated without being 
objectionable to the inhabitants in the region about them and where 
the neighborhood is unlikely to become thickly populated in the future 
and make necessary a change in the location of the works, as has some
times occurred. In order to present an estimate of the probable cost of 
disposing of the sewage including the objectionable manufacturing 
wastes of each of the cities and towns in the Merrimack valley at suit
able treatment works for comparison with the probable cost of dis
posal by means of a trunk sewer, locations for such works have been 
selected for study with a view especially to economy in construction 
and operation. (See plans Nos. 3 and 4.) It is recognized that these 
locations might not prove acceptable in case the method of sewage 
disposal herein considered should be finally selected as the best practi
cable plan of restoring proper sanitary conditions in the Merrimack 
River valley, and that it might be necessary to select other locations 
which in some cases at least would involve a greater expense.

In Tyngsborough, where the population is small and widely scattered 
and there is no prospect that sewerage will be needed for many years, 
it is impracticable to estimate future requirements in the matter of 
sewage disposal at the present time.

The population in Chelmsford has grown rapidly and is now chiefly 
concentrated in the villages of North Chelmsford, West Chelmsford 
and Chelmsford Center, all of which are within short distances of the 
boundaries of the city of Lowell. The most favorable place which 
appears to be available for the disposal of the sewage of North Chelms
ford and West Chelmsford is the intervale land lying at a comparatively 
low level adjacent to the Merrimack River northwest of the village of 
North Chelmsford and just above the mouth of Stony Brook. There 
is an ample area at this point in the bend of the river which is remote 
enough from inhabited districts to be unobjectionable on that ground, 
though it is not far up stream from the wells used as sources of water 
supply for the city of Lowell though on the opposite side of the river. 
Probably the best practicable plan of disposing of the sewage would be 
to construct filter beds upon the area indicated, since soil suitable for 
the purpose can probably be found either in place or within a reason
able distance. The large quantity of wool-scouring waste discharged 
into Stony Brook in North Chelmsford would have to be treated 
separately for the removal of grease at some suitable point in the 
neighborhood. It would very likely be found advantageous both to 
the town and the factories to treat this waste upon lands adjacent to 
the sewage disposal works. The estimated total cost to the town of
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Chelmsford for the collection and disposal of the sewage of North and 
West Chelmsford and the estimated cost of maintenance of the dis
posal works, using the lands herein indicated, will be found in a sum
mary on a subsequent page, which does not, however, include an 
estimate of the cost of treatment of the wool-scouring wastes. For 
Chelmsford Center two plans of sewage disposal are practicable, one by 
pumping the sewage into the sewerage system of North and West 
Chelmsford and disposing of it upon the 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 reason
able distance where the sewage could be treated by intermittent filtra
tion upoji filter beds which would be quite remote from populated 
areas at the present time. The latter plan will probably be the more 
economical, and an estimate of its cost has been included in the tables 
which follow.

The thickly settled portions of the town of Dracut are situated in the 
valley of Beaver Brook, partly at Collinsville but chiefly in the region 
adjacent to the city of Lowell. At Collinsville the sewage and manu
facturing wastes are now treated upon filters constructed for the pur
pose by the corporation owning the mills in that village. I t  would be 
very difficult to find a suitable place of sewage disposal for the portion 
of the town of Dracut adjacent to the city of Lowell where the sewage 
could be disposed of without objection and at reasonable cost. It 
would probably be less expensive for the town to dispose of its sewage 
in connection -with the city of Lowell than by any other plan, and 
for this reason in the matter of sewage disposal the town has been 
included with Lowell.

The village of North Billerica is already provided with a system of 
sewage disposal, the sewage being treated upon filter beds near the 
west bank of the Concord River a short distance north of the village. 
The population in the neighborhood of these filters is increasing and the 
location is not as desirable a one, if the whole town were considered, as 
a location on the opposite bank of the river somewhat farther down 
stream. An estimate has been prepared of the probable cost of dis
posing of the sewage upon filter beds on the east bank of the river, half 
a mile or more below the North Billerica dam, and is included in the 
tables appended hereto. Material of good quality for filter beds is 
found in abundance in this region.
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The city of Lowell is already quite densely populated throughout 

most of its area and the only available site for sewage disposal works 
within the limits of the city to which the sewage can be diverted at a 
reasonable cost is found on the south bank of the river adjacent to the 
boundary line between Lowell and Tewksbury. The location is not a 
desirable one for the purpose since already the city is extending along 
the main highway in this region and the lands in question have been 
laid out with a view to future settlement. It would be practicable, 
nevertheless, to dispose of the sewage of the city of Lowell, including 
the manufacturing wastes requiring admission to the sewers, by means 
of Imhoff tanks and trickling filters at this location if necessary. 
Another location, suitable for the purpose, and much more remote 
from densely populated areas, is found in the valley of Richard
son Brook in Dracut, a tributary of the Merrimack River from the 
northeast which enters the river about 1.5 miles east of the easterly 
limits of the city of Lowell. In the valley of this brook above the 
second road crossing about half a mile from its mouth there is an 
ample area of land well situated for use as a place of sewage disposal. 
The cost of works for the disposal of the sewage of Lowell (including 
Dracut) at this point would be somewhat greater than at the area 
already described on the southerly side of the river, the difference, 
exclusive of the question of land damages, being about $110,000. The 
difference in cost of maintenance would also be considerable on account 
of the extra cost of pumping the sewage to the valley of Richardson 
Brook. An estimate of the cost of disposing of the sewage at the area 
indicated in Lowell by means of Imhoff tanks and trickling filters with 
appurtenances is given in a subsequent table.

The sewage of the thickly settled portions of the town of Tewksbury 
adjacent to Lowell will probably be disposed of in connection with the 
sewage of that city. In the easterly part of the town the sewage of the 
State Infirmary is now disposed of on filter beds near Strongwater 
Brook, a tributary of the Shawsheen River, while the central portion 
of the town has no sewerage system and no special need of sewers at 
the present time since no general system of water supply has yet been 
provided there. Eventually, if this town should grow rapidly as may 
happen on account of its nearness to Lowell, sewerage will be required, 
and in that case the sewage can probably be disposed of by inter
mittent filtration upon filters located at some point in the northerly sec
tion of the town where there are available areas suitable for the purpose 
especially in the lower part of the valley of Trull Brook. An estimate
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of the cost of disposing of the sewage of the town, including that of the 
State Infirmary, by means of filter beds in this location has been in
cluded in the table which follows.

The sewers of Methuen are already tributary to those of the city of 
Lawrence, and it has been assumed that, in case the sewage of the 
Merrimack River valley is to be disposed of by separate works, the 
sewage of Methuen will be included with that of Lawrence.

The only area available for the disposal of sewage within the limits 
of the city of Lawrence is located on the north bank of the river in the 
extreme easterly part of the city. I t  is possible to construct on this 
area suitable works for the treatment of the sewage of Lawrence and 
Methuen by means of Imhoff tanks and trickling filters with the 
necessary appurtenances. The estimates of cost provide for works 
of a sufficient capacity for the treatment of all the sewage and 
manufacturing waste from the city of Lawrence and the town of 
Methuen, though it has been assumed that the wool-scouring wastes 
will receive a preliminary treatment for the removal of grease either 
before being discharged into the sewers or before delivery to the sewage 
disposal works. It will probably be impracticable for each corporation 
to treat its wool-scouring wastes upon its own premises, and it has been 
assumed that the wastes will be collected in a separate system of pipes 
and treated at a works designed jointly for all of the mills. A favorable 
location for such works is found on the area suggested for the dis
posal of the sewage in the city of Lawrence, and an estimate of their 
probable cost, including the collecting system, has been included in a 
table which follows. While the estimates presented in that table pro
vide for the use of the area indicated for the disposal of sewage and 
the treatment of the wool-scouring wastes of Lawrence and Methuen, 
there is little doubt that if the population continues to grow7 as rapidly 
in this region as it appears to be growing at the present time serious 
objection might arise as to the use of this area for the purposes pro
posed.

The sewage of the towrn of Andover can hardly be treated at any 
point in that towm or within the limits of Lawrrence w7here it will not 
be within a comparatively short distance of dwelling houses or growing 
settlements. Assuming that it might be treated on lands in Andover 
in the neighborhood of the recently abandoned disposal works in that 
town, an estimate has been prepared of the cost of treatment by means 
of Imhoff tanks and trickling filters writh the necessary appurtenances, 
the effluent to be discharged into the Shawsheen River. This estimate 
is included in the table which follows.
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There appears to be a suitable location for the treatment of the 

sewage of North Andover on the south bank of the Merrimack River 
about one mile or thereabouts northeast of the mouth of Cochickewick 
Brook between the railroad and the river. The soil in this region 
appears to be suitable for the disposal of the sewage by intermittent 
filtration, but the area is somewhat limited and may be subject to 
flooding at times of high stages of the river. An estimate has been 
prepared of the cost of disposal of the sewage of the town at this point 
by means of Imhoff tanks and trickling filters and their appurtenances 
and is included in the table which follows.

In Haverhill an area which might be used for treatment of the sewage 
is found on the north bank of the river about a quarter of a mile east of 
the northerly end of the Groveland Bridge. (See plan No. 4.) The region 
about this area is at present sparsely settled though the works would 
be within about half a mile of the village of Groveland. This village, 
however, is on the opposite side of the river and would not be in the 
direction of the prevailing winds. The sewage of the city of Haverhill 
could be brought to this point by intercepting sewers laid approximately 
on the lines of the proposed main trunk sewer and connections there
with, and the estimates of cost have been based upon the use of Imhoff 
tanks and trickling filters and their appurtenances, the effluent to be 
discharged directly into the river. These estimates are included in 
tables which follow.

A practicable area for the treatment of the sewage of Groveland can 
probably be found on the south bank of the river west of the village 
adjacent to the boundary line between Groveland and Haverhill. On 
account of its topography and soil conditions and its nearness to the 
village, the area is not a very desirable one, except that the cost of 
disposal works at that location would probably be less than at any 
other which appears to be available for the purpose. The estimates of 
cost appended hereto include provision for the treatment of the sewage 
of the thickly settled portion of the town, which is found chiefly in the 
villages of Groveland and South Groveland, on sand filters, the effluent 
to be discharged directly into the river. There is considerable manu
facturing waste requiring disposal at South Groveland which had 
probably best be treated separately at works in the neighborhood. 
The effluent in that case would be discharged into a small tributary 
of the Merrimack River which enters it in the neighborhood of the area 
suggested for the disposal of the sewage of the town. An estimate of 
the cost of works for disposing of the sewage of the town by filtration
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on the area indicated is presented in a subsequent table. No estimate 
has been included of the cost of treating the manufacturing wastes.

The town of West Newbury has at present no system either of water 
supply or of sewerage, and it appears to be unnecessary to present an 
estimate of the probable cost of sewage disposal works since the cost 
of a connection with the proposed trunk sewer has not been included in 
that plan.

At Merrimac an available area for the disposal of sewage by inter
mittent filtration is found near the river south of the town where the 
sewage can be treated by sand filters and the effluent discharged into 
the stream. An estimate of the cost of works for disposing of the 
sewage' of the town by such a plan has been included in the tables 
which follow.

At Amesbury in order to dispose of the sewage by treatment works 
the least objectionable location in the immediate neighborhood of the 
town is probably to be found on the north bank of the river a short 
distance up stream from the mouth of the Powow River. Estimates 
have been prepared for treating the sewage of Amesbury at this point 
by means of Imhoff tanks and trickling filters and their appurtenances, 
the effluent to be discharged into the river.

The sewage of Newburyport is nearly all collected into one general 
system discharging at present into the river at the easterly end of the 
city. A possible place for the location of sewage disposal works is 
found southeast of the city upon lands quite remote at the present time 
from any considerable population. Estimates have been prepared and 
are included in a subsequent table for the treatment of the sewage by 
Imhoff tanks and trickling filters upon this area which is located within 
the limits of the city near the southerly shore of the harbor, the effluent 
to be discharged beyond the low water line. The chief objection to the 
area selected is its nearness to the main road leading to Plum Island 
and, while the region contains no dwelling houses as yet, the highway 
is used extensively in the summer season.

At Salisbury estimates have been prepared for the disposal of the 
sewage by means of Imhoff tanks and trickling filters at a point south
east of Salisbury Village and west of Salisbury Beach, where it is 
probable that the sewage could be treated without serious objection at 
the present time since there are no dwelling houses in the neighborhood. 
Estimates of the cost of the works are included in the following table.
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E stimates oe Cost oe Separate Sewage D isposal W orks for the 
V arious Cities and T owns or Groups of Cities and 1  gains
in the M errimack Valley.

A n  e s t im a te  of t h e  c o s t  of w o rk s  fo r  t h e  t r e a t m e n t  of t h e  sew ag e  of 
e a i  of t h e  c i t ie s  a n d  to w n s ,  o r  in  so m e  ca se s  of g ro u p s  o f c it ie s  a n d  
to w n s ,  w h ic h  c a n  b e s t  c a re  fo r  t h e i r  s ew ag e  b y  jo in t  a c t io n  is p re 
s e n te d  in  t h e  fo llo w in g  ta b le :



Estimated Cost of Works for the Separate Disposal of the Sewage of the Cities and Towns in the Merrimack River Valley.

M u n ic ip a l it y .

F irst  C ost, 1925 to 1945. A dditional C ost, 1945 to  1965, Necessary E nlargem ent.

T ota l Construction  C ost, 1925 to  1965.
inhri

COLLECTION. C ost of Disposal W orks.
T o ta lC ost.W orks. Cost.

Chelm sford . . . . . . .B illerica . . . . . . . .Lowell and  D racu t . . . . . .T ew ksbury  . . . . . . .Lawrence and  M ethuen :
Sewage, excluding wool scouring wastes W ool scouring w astes 1 . . . . .A ndover . . . . . . . .N orth  A ndover . . . . . .  'H averh ill . . . . . . . .G roveland . . . . . .  ’M errim ac . . . . . . . .A m esbury . . . . . . .N ew buryport . . . . . . .Salisbury  . . . . . . . .

T o ta l  . . . . . . .L and  T akings . . . . . . .
T o ta l  estim ated  cost of works

Pum ping s ta tio n  &  force m ain  . . . .  
In tercep ting  sewers, pum ping sta tio n , etc. .

In tercep ting  sewers, pum ping s ta tio n , etc. . Collection, pum ping sta tio n , etc.
Pum ping s ta tio n  & force m ain  .In tercep ting  sewers, pum ping sta tio n , etc. . Pum ping s ta tio n  . . . . . .Pum ping s ta tio n  . . . . . .Pum ping s ta tio n  & force m ain  . . . .Pum ping s ta tio n  & force m ain  . . . .Pum ping s ta tio n  . . . . . .

$12,000
704.000

665.000120.000
25.000 508,0005.0005.00014.00039.0009.000

$131,00099.000 1,020,00020.000
1,247,000429.000339.00070.000471.00020.00029.00064.000121.00069.000

$143,00099.0001.724.00020.000
1.912.000549.000339.00095.000979.00025.00034.00078.000160.00078.000

$ >0,00051.000348.00014.000
578.00089.00067.00027.000144.00015.00010.00023.00030.00019.000

$199,000 ^150.0002.072.000 H34.000 fcsj
2.490.000638.000 '406.000 2 ;122.000 O1.123.00040.00044.000 £0101.000 N190.00097.000

$2,106,000 $4,129,000 $6,235,000665,000 $1,471,000 $7,706,000665,000
_ - $6,900,000 - $8,371,000

1 No estim ate is included of th e  cost of trea tm en t of wool-scouring w astes in o ther m unicipalities.

O i
O i
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It has been assumed that the sewage of the town of Dracut would 

be treated in connection with that of the city of Lowell. I t  is possible 
also that ultimately the sewage of Chelmsford and Billerica and of a 
portion at least of the town of Tewksbury would be disposed of in 
connection with that of Lowell, but the estimates presented provide for 
the treatment of the sewage of each of those towns by independent 
works. It is assumed, furthermore, that the sewage of Lawrence and 
Methuen would be treated together at a single works, and it is probable 
that, if the policy of treating the sewage of the cities and towns in the 
valley at disposal works rather than by discharging it into the sea 
through a trunk sewer were to be adopted, it would be found advan
tageous to dispose of the sewage of Andover and North Andover also in 
connection with that of Lawrence and Methuen.

The estimates of cost provide for the construction in the beginning 
of works adequate for the treatment of the sewage of the various cities 
and towns until about the year 1945, when additions would be required. 
An estimate of the probable cost of additions to the works necessary 
to make them adequate for the treatment of the sewage for another 20 
years has been included in the tables. The estimates also include the 
cost of the necessary pumps, sewers and other works for collecting the 
sewage and manufacturing wastes from the present outlets and con
veying them to the place of disposal. The aggregate cost of the col
lection systems as given in the tables is $2,106,000, and the ultimate 
cost of the disposal works in all of the cities and towns, including the 
works necessary for the collection of the sewage, is $8,371,000.

It is possible that for a few years in the beginning the nuisance in the 
Merrimack River could be relieved to a considerable extent by a com
paratively limited treatment of the sewage of the various cities and 
towns, and in that case the construction of the trickling filters and their 
appurtenances might be postponed for a few years. The portion of the 
total initial cost which might thus be postponed might amount to about 
$2,493,000.

Estimates of the cost of the treatment and disposal of sewage for 
any considerable number of years in the future are necessarily uncertain - 
since it is reasonable to expect that material improvements may be 
made in processes of sewage treatment and in the design and character 
of sewage disposal works. One of the most difficult problems in con
nection with the treatment of sewage at the present time is the dis
posal of the sludge or heavy solid matter removed from the sewage by 
preliminary processes. While the solid matters removed from sewage
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at disposal works have some potential value for agricultural uses, it 
has seldom been practicable to dispose of this material for that purpose, 
though here and there in agricultural regions sludge has been disposed 
of for use as a fertilizer, though the income therefrom thus far has in no 
case been great. No allowance is made in the estimates for the sale of 
sludge or solid matters from the sewage at any of the works in the 
Merrimack valley except from works for the treatment of wool-scouring 
wastes, and it has been deemed necessary to include adequate provision 
for the disposal of the sludge from such works in a satisfactory manner.

Cost of M aintenance and Operation of a T runk Sewer System 
and of Separate Groups of Sewage D isposal W orks.

The cost of maintenance of a trunk sewer system includes as a chief 
item the cost of pumping the sewage at the main pumping station in 
Amesbury and at a pumping station for the discharge of the sewage of 
Newburyport into the trunk sewer. The remainder of the system will 
require the maintenance common in such cases, including the care of 
the grit chambers, keeping the sewers free from deposits, etc.

The estimated average annual cost of maintenance of the works for 
the 40 years from 1925 to 1965 is as follows:

Administration including engineering . . . S27,500 00
Trunk sewer m aintenance....................................... 22,000 00
Pumping Charges:

Main trunk sewer and Newburyport Pumping 
S t a t i o n ......................................................  124,000 00

T o t a l ......................................................  3173,500 00
Estimates have also been made of the cost of treating the sewage at 

the various works suggested for the separate treatment of the sewage 
of the different cities and towns or groups of cities and towns herein 
described. These estimates include an allowance for repairs, renewals, 
etc. The estimated average annual cost of maintenance of these works 
for the next 40 years is as follows:

For sand filters in 5 to w n s....................................... 19,500 00
For Imhoff tanks, trickling filters, grease recovery

plant and appurtenances in 8 groups . . 192,300 00
Average annual cost of pumping, including main

tenance of pumping w orks...............................  157,300 00
Total . 8359,100 00



58 SENATE — No. 492. [Apr.
An allowance of $110,000 has been made in the cost of maintenance 

of these works on the assumption that the grease recoverable from the 
grease recovery works can be sold at I f  cents per pound.

A comparison of the estimated annual cost of maintenance of the 
trunk sewer with the estimated aggregate annual cost of the mainte
nance of separate disposal works shows that the yearly expense for main
taining and operating the latter will probably be about twice that 
required for the maintenance and operation of the trunk sewer. The 
probable income derivable from the sale of grease recovered from the 
manufacturing wastes is uncertain, and if it should be less than has 
been estimated the cost of maintenance of the separate disposal works 
would be greater than shown in the table. Capitalizing these costs it 
appears that disposal by independent works would be equivalent to the 
interest at 4% on $8,977,500, while disposal by means of the proposed 
trunk sewer system would be equivalent to the interest at 4% on 
$4,337,500. Thus, considering maintenance alone, the adoption of the 
trunk sewer plan would save the interest on about $4,640,000.

Summary and Conclusions.
The results of the examination of the Merrimack River show that the 

great quantities of sewage and other pollutions discharged into the 
river at Lowell, Lawrence, Haverhill and adjacent towns produce offen
sive conditions in the stream at Haverhill and for several miles below 
that city. Before entering Massachusetts the river receives much pol
lution by sewage and manufacturing wastes chiefly from the cities 
and towns situated along the main stream in New Hampshire, but in 
a considerable part also by the sewage and manufacturing wastes which 
are discharged into its tributary, the Nashua River in Massachusetts, 
before the latter stream enters New Hampshire and joins the Merri
mack in the latter State. In the lower part of the course of the Merri
mack River large quantities of sea water run up the stream to the 
neighborhood of the Middle Ground on each tide and furnish sufficient 
dilution to improve materially the condition of the river in the lower 
part of its course.

There is no doubt that the offensive condition of the river brought 
about by the discharge of great quantities of sewage and manufacturing 
waste from the cities and towns along its course in Massachusetts, 
especially at and above Haverhill, while varying in intensity with 
variations in the annual rainfall, will gradually grow worse until effec
tive remedial measures have been applied.
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There are in general two ways of preventing the objectionable pol

lution of this river and restoring it to a satisfactory condition, one by 
removing the sewage and foul manufacturing wastes in a trunk sewer 
to a suitable outlet into the sea, and the other by treating them at 
suitable works and removing the bulk of their offensive properties 
before returning them to the river. Of the two methods the former 
is by far the more effective and satisfactory and is likely in the 
long run, if not in the beginning, to prove to be the more economical 
plan to adopt. The estimated ultimate cost of the trunk sewer plan 
when complete, based on pre-war prices, is in round numbers $10,000,- 
000, while the ultimate cost of the treatment works is in round num
bers $8,400,000. But the annual cost of maintenance and operation 
of the disposal works, on the other hand, will be about twice as great 
as the annual cost of maintenance and operation of the trunk sewer 
system, making the total cost of the trunk sewer system, including all 
capital charges, considerably less in all probability than the total cost, 
including capital charges, of separate sewage disposal works.

Under the plan for treating the sewage at disposal works in the 
different cities and towns in the valley the cost of constructing the 
works would no doubt be distributed more or less gradually through the 
next 30 to 40 years, and the maximum annual payment for capital 
charges and maintenance would not be reached for a number of years in 
the future, whereas the cost of the trunk sewer would be incurred in 
the beginning and the capital charges therefor would be gradually 
diminishing, wdiile the cost of operation and maintenance would increase 
but slightly as time goes on. It is possible, however, in the case of 
the trunk sewer that the cost of construction can be distributed some
what gradually, since it is probable that the connections for the dis
charge of sewage and manufacturing wastes into the trunk sewer 
cannot all be made promptly, and a temporary outlet, which might 
possibly be unobjectionable for several years in the beginning, might 
be made at some point in the vicinity of the Lions Mouth several 
miles above the mouth of the river where more or less sea water is 
available for the dilution of the sewage on every tide.

There are other considerable advantages in removing the sewage to 
sea in a trunk sewer as compared with disposing of it at treatment 
works at a number of points in the valley. The valley of the Merri
mack River is densely populated and it will be a somewhat difficult 
matter to secure favorable locations for treatment works which will not 
be objectionable or become a serious annoyance at some future time.
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Furthermore, while adequate sewage treatment works well designed 
and properly maintained would remove much of the offensive matter 
from the sewage and manufacturing waste and would probably prevent 
the creation of seriously objectionable conditions in the river, the 
effluents from such works would contain much objectionable matter 
and, unless the works were adequate for the purpose and were main
tained at all times in a proper state of efficiency, satisfactory purifica
tion of the sewage would not be effected. Experience has shown that 
necessary additions to and improvements in sewage disposal works are 
frequently, if not generally, too long postponed, and there can be no 
doubt that this method of dealing with the problem in the Merrimack 
River valley would prove much less effective in preventing objectionable 
pollution of the river than the plan of removing these wastes in a trunk 
sewer through which they would be carried to the sea and thus disposed 
of completely once and for all. The results of this investigation show 
that of the two plans the disposal of the sewage and manufacturing 
wastes of the Merrimack River valley can be effected far more satis
factorily and probably more economically by means of a trunk sewer 
than by any other plan.

The surveys and investigations and the preparation of plans for the 
main trunk sewer and its appurtenances and for the independent 
systems of sewage disposal have been carried out under the immediate 
direction of Mr. N. LeRoy Hammond, assisted by Mr. Francis H. 
Kingsbury and by Messrs. Frank L. Flood and Samuel M. Ellsworth.

The investigations relative to the amount and character of the manu
facturing wastes discharged into the river and its tributaries have been 
made under the direction of Mr. Edward Wright, assisted by Messrs. 
Joseph C. Knox and Harry L. Thompson.

Studies of the flow of the river, drainage areas, etc., have been made 
under the direction of Mr. Arthur D. Weston, assisted by Mr. George 
V. White.

The chemical work, including bacterial studies of the condition of the 
river, has been carried out under the direction of Mr. H. W. Clark, 
Director of the Division of Water and Sewage Laboratories of the 
Department of Public Health.

Acknowledgment is also made of the cordial assistance rendered by 
the engineers of the municipalities and of the water power companies 
in the valley.

Respectfully submitted,
X. H. GOODNOUGH,

Chief Engineer.


