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REPORT OF THE STATE BOARD OF H EA LTH  UPON THE  
SANITARY CONDITION OF TH E MERRIMACK RIYER.

O f f ic e  o f  t h e  St a t e  B oard  o f  H e a l t h , 
St a t e  H o u s e , B o s t o n , Ja n . 4, 1913.

To the General Court.
The State Board of Health, acting under chapter 505 of the Acts of the 

year 1909, has made further investigations of the sanitary condition of the 
bed, banks and waters of the Merrimack River, and of streams tributary 
or adjacent thereto in the cities and towns bordering upon the river, and 
herewith submits the results of th a t examination, together w ith recom
mendations for the improvement of the sanitary condition of the river and 
the removal of objectionable conditions therefrom.

The objectionable conditions found in the Merrimack River a t the present 
time are due chiefly to two causes: one, the discharge of great quantities of 
wool-scouring waste into the river a t Lawrence by which the bed, banks 
and waters of the stream are seriously polluted for several miles below 
that city, and the other, the fouling of the bed and banks of the river and 
of some of its tributaries by the discharge of sewage a t numerous sewer 
outlets in the cities along its banks.

The results of the investigations show in general th a t the- river a t the 
point at which it enters the State is already considerably polluted by sew
age and manufacturing waste, some of which finds its way into the stream 
from points in Massachusetts through the Nashua River, bu t most of 
which is discharged at points beyond the limits of the State; bu t before 
it reaches the city of Lowell a considerable improvement takes place in the 
condition of the water, due to dilution, oxidation, sedimentation and other 
natural processes, and above the city of Lowell the sanitary condition of 
the river is not at present objectionable, nor are there any notable evi
dences of pollution in the condition of its bed or banks.

As it passes through the city of Lowell the river is again polluted by 
sewage and manufacturing waste, the effect of which is evident in the chem
ical analyses, but below Lowell the general appearance of the river and its 
Maters is not at present objectionable, and the analyses show a marked im- 
pro\ ement in the condition of the water as it reaches the city of Lawrence.
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At Lawrence the river is again polluted by the sewage and manufac
turing wastes of th a t city, but, aside from objectionable sewer outlets, the 
bulk of the pollution of the river is caused by wool-scouring waste, and 
for several miles below tha t city the bed and banks of the stream are foul 
and its appearance objectionable.

At Haverhill the river is again polluted by the sewage of that city, and 
there are many offensive sewer outlets along this part of its course, but 
below Haverhill the condition of the river gradually improves, and the 
effect of the pollution is not noticeable in the general appearance of the 
stream as it approaches Newburyport. The sewage of the latter city is 
discharged into the river in the wide tidal estuary just above its mouth, 
and, except in the neighborhood of the sewer outlet, its effect upon the 
general appearance of the river is not noticeable.

In the opinion of the Board it is essential, for the maintenance of proper 
sanitary conditions in this river, tha t the -wool-scouring wastes discharged 
a t Lawrence shall be treated for the removal of the very objectionable 
fa tty  m atters which investigation shows are the chief agents in producing 
the objectionable conditions found in the river below Lawrence.

The problem of the treatm ent of these wastes in such a manner as to 
relieve the river from the objectionable conditions which they now produce 
has been the subject of careful consideration. I t  will be difficult, if not 
impracticable, for each mill acting independently to secure a suitable area 
for the satisfactory treatm ent of these wastes without conveying them to 
points a t considerable distances from the mills. The investigations of the 
Board show th a t it is practicable to collect all of the wyastes by means of 
sewers laid in the river and convey them to a place of disposal at some point 
near the river below7 the city.

The results of the investigations showing the character of the wool- 
scouring wastes and their effect upon the condition of the river, together 
with the outlines of a plan by which these wastes can be collected and 
treated, are summarized in a report by the engineer and chemist of the 
Board, which is appended hereto.

These results have been laid before the representatives of the mills for 
their consideration, and these representatives have been supplied, also, 
with the results of numerous analyses of the wool-scouring wastes, show
ing in general the im portant substances which they contain. The analyses 
show7 th a t the value of the grease, nitrogen and potash contained in the 
wastes, if they could be extracted, prepared and sold commercially at 
present prices would amount, in a year like 1910, when the mills were not 
running to their full capacity, to more than §400,000 per year. Whether 
the w-astes can be collected and treated by such processes as will pretent 
further pollution of the river, and a t the same time secure the recovery of
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the valuable substances which they contain a t a cost which will leave a 
profit on the work, is doubtful, bu t it is a t least probable th a t these wastes 
can be so treated as to relieve the pollution of the river and a t the same 
time recover a considerable return on the outlay required.

While it is most desirable th a t the valuable materials in these wastes 
should be recovered if practicable, it is essential tha t these wastes shall 
be removed from the river before it can again be brought into a satisfac
tory condition below Lawrence.

The other principal cause of objectionable conditions in the Merrimack 
River is the sewage of the cities and towns. All of the cities and towns 
located along the banks of the river which are provided with systems of 
sewerage discharge their sewage untreated either directly into the main 
stream or into tributaries in its immediate neighborhood, and the pollu
tion of the bed and banks of the river about many of these sewer outlets 
is a greater menace to the public health a t the present time than any of 
the other objectionable conditions found in the stream.

The volume of water flowing in the river is ample in the driest season 
for the proper dilution of all of the sewage which it receives, and where 
sewage is discharged directly into the current of the river it quickly mingles 
with the water and objectionable conditions do not occur; but the sewer 
outlets in the cities of Lowell, Lawrence and Haverhill are located, for the 
most part, at considerable distances from the river channel, and the sew
age, flowing over the banks or exposed bottom of the river, deposits offen
sive matters, creating very objectionable conditions often in thickly popu
lated neighborhoods.

Practically all of the sewers in Lowell, Lawrence and Haverhill are con
structed upon the combined plan, — i.e., they receive both sewage and 
surface water, —■ and it is impracticable in the case of the larger sewers 
to extend the outlets to points in the river a t a considerable distance from 
the banks; but in such cases, if the dry-weather flow of sewage were con
veyed to a suitable outlet in the river, the excess of sewage and storm-water 
flowing at times of storms or when snow is melting rapidly can be allowed 
to discharge at outlets near the bank of the river without danger of creat
ing seriously objectionable conditions. In a few cases outlets of this kind 
have already been provided in these cities with satisfactory results.

Each of the various sewer outlets in the cities and towns along the river 
has been examined, and plans have been prepared by which objectionable 
conditions caused by these outlets can be removed, and the results of 
these studies have been communicated to the authorities of the cities in 
which objectionable outlets have been found.

The removal of objectionable conditions caused by the sewer outlets of 
the cities and towns can, no doubt, best be prevented by works carried
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out by the municipalities themselves, and legislation appears unnecessary 
a t the present time, unless as it may be required to supply funds for these 
improvements.

In  the case of the pollution of the river by wool-scouring wastes, legis
lative authority may be found necessary for carrying out the methods of 
disposal which shall be found most desirable, but it is impracticable as yet 
to suggest definitely the form which such legislation should take.

HENRY P. WALCOTT.
CLEMENT F. COOGAN.
JOSEPH A. PLOUFF.
JULIAN A. MEAD.
HIRAM F. MILLS.
ROBERT W. LOVETT.
C. E. McGILLICUDDY.
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APPENDIX.

O f f ic e  o f  t h e  S t a t e  B oard  o f  H e a l t h , 
St a t e  H o u s e , B o s t o n , Dec. 17, 1912.

To H en r y  P. W a l c o t t , M.D., Chairman, State Board of Health.
Sir : — Herewith is submitted a report on the results of investigations 

of the sanitary condition of the Merrimack River, carried on under the 
direction of the Board in the last three years, to determine the effect of the 
pollutions which it receives, and especially the measures necessary for 
removing unsanitary and objectionable conditions found in the stream.

REPORT.

In an earlier investigation — the results of which were reported to the 
Legislature of 1909 — it was found that, while the general sanitary condi
tion of the Merrimack River in its course through Massachusetts differed 
little for the most part from tha t of other large rivers in the State, its con
dition in certain localities was rapidly becoming objectionable, due in part 
to the great pollution of its waters — chiefly by certain manufacturing 
wastes discharged into the river in the city of Lawrence — and in part to 
the pollution of its banks and the fouling of the river bottom by the dis
charges from sewer outlets in the cities situated along the river.

In the years since 1908 the condition of the river has grown rapidly 
worse, caused partly by increasing pollution and partly, no doubt, by a 
marked falling off in the flow of the stream and in the amount of clean 
water available for the dilution of polluting matters, due to a continued 
deficiency in the rainfall.

In connection with the recent investigations the condition of the river 
has been carefully observed by means of numerous analyses of samples of 
its waters collected at many stations located a t intervals along the river, 
and by frequent inspections of the condition of the bed, banks and waters 
of the stream within the limits of the State. A summary of the results of 
the analyses will be found in tables appended hereto, but the more impor
tant of these results are shown graphically on the accompanying diagrams.
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G e n e r a l  C o n d it i o n  o f  t h e  M e r r im a c k  R iv e r .

The Merrimack River a t the point a t which it enters Massachusetts is 
already considerably polluted by sewage and manufacturing wastes dis
charged into the stream a t points above, but before it reaches the city of 
Lowell a considerable improvement takes place, — due to dilution, oxida
tion, sedimentation and other natural processes, — and above the city of 
Lowell the sanitary condition of the river is not objectionable, nor are 
there any notable evidences of pollution in the condition of its bed or banks.

As it flows through the city of Lowell the river is again polluted by the 
sewage and manufacturing wastes discharged from that city, either directly 
into the main stream or into its tributaries, especially the Concord River, 
which passes through the city, and in the drier part of the year when 
the flow of the river is low its bed and banks a t many places are badly 
polluted.

Below the Lowell sewer outlets analyses of the river water show the 
effects of the added pollution, bu t the general condition of the river is not 
objectionable in this part of its course, and farther down stream, in the 
long millpond above the Lawrence dam, the condition of the water improves 
from natural causes. As the river reaches Lawrence no marked evidences 
of pollution are apparent except floating matters which inevitably find 
their way into a stream draining a very populous district.

Comparing the condition of the water of the Merrimack River above 
Lawrence, as shown by analysis, with tha t of other large rivers of the 
State, it appears th a t the quantity  of organic matter, as indicated by the 
albuminoid ammonia, is less than in most of them, while in very few is 
the quantity  of organic m atter materially less than is found in the Merri
mack River above Lowell.

At Lawrence, as a t Lowell, all sewage and manufacturing wastes are 
discharged either directly into the river at various points in its course 
through the city or into tributaries a short distance from the main stream. 
The sewage from the town of M ethuen also finds an outlet into the Merri
mack River through the sewers of the city of Lawrence, and a small addi
tional amount of sewage, together with considerable manufacturing waste, 
is discharged into the river or its tributaries a t points near the river from 
the town of N orth Andover, located just below Lawrence on the south side 
of the stream.

In passing through the city of Lawrence the condition of the river sud
denly changes to one of serious pollution. The increase in the pollution of 
the river in passing this city is very much greater than at any other point 
in its course in Massachusetts, and for several miles below the bed, 
banks and waters of the stream are foul and in appearance very objee-
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tionable. Farther down the river the effect of the pollution decreases, but 
objectionable m atters from the water collect upon objects in the river for 
long distances below Lawrence, fouling to some extent the boats in the 
river a t Haverhill and below th a t city. The very great increase in the 
pollution of the river as it passes the city of Lawrence is well shown by the 
analyses, especially by the determinations of albuminoid ammonia, oxygen 
consumed and loss on ignition, which represent approximately the quanti
ties of nitrogenous and carbonaceous organic m atters in the river water.

At Haverhill the river is again polluted by a large quantity  of sewage, 
including manufacturing waste from many shops and factories, but below 
that city the marked evidences of pollution grow less and the quantity  of 
organic matter present in the water as indicated by the analyses also gradu
ally diminishes, though it continues hi[ her th#n in the water above the city 
of Lawrence throughout the remainder of the course of the stream until it 
reaches tidewater a t Newburyport. Tests of the river water a t many sta
tions throughout the dry months of the year 1912 indicate tha t dissolved 
oxygen has been present continually in the river water, though reduced 
at times to small quantities a t points immediately below Lawrence.

Ca u se s  o f  t h e  E x c e s s i v e  P o l l u t io n  o f  t h e  M e r r im a c k  R i v e r  b e l o w  

t h e  C it y  o f  L a w r e n c e .

The most im portant pollutions added to the Merrimack River in its 
course through the city of Lawrence a re : —

1. The sewage of the city of Lawrence, including the towns of Methuen 
and North Andover.

2. Manufacturing wastes from the process of scouring wool.
3. Waste water from other manufacturing processes, including cloth 

washing and dyeing in the various mills, wastes from the processes of 
making paper in three paper mills, wastes from the washing of wool — 
from which the grease has previously been extracted — in the Arlington 
Mills, together with wastes from the washing of streets and yards, etc., a t 
times of storm. •

V o lu m e  a n d  C h a r a c t e r  o f  t h e  W o o l - s c o u r i n g  W a s t e s  d is c h a r g e d  

in t o  t h e  R i v e r  a t  L a w r e n c e .

Nearly all of the wool-scouring waste discharged untreated into the 
Merrimack River in the city of Lawrence comes from six mills, three of 
which — the Lower Pacific, the Washington and the mill of George E. 
Lunhardt — are on the north side of the river, and the remaining three — 
the mill of E. Frank Lewis, the Ayer Mill and the Wood Worsted Mill — 
on the south side.

It has been impracticable to obtain an accurate record a t the mills either
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of the actual quantities of wool scoured each day or of the kinds of wool 
treated. There is often a wide variation in the character of the wool 
scoured, especially in some of the mills, and there is consequently a con
siderable variation in the character of the wool-scouring waste. This is 
especially noticeable in one of the mills devoted almost wholly to wool 
scouring where wool of all grades is treated. I t  was finally concluded 
th a t the only practicable way of determining the approximate quantity 
and character of the wool-scouring wastes was to conduct examinations 
over a long period and to obtain from the agents of the different mills a 
statem ent as to the actual quantity of wool scoured in given periods. This 
work was carried on in the years 1910-11, and most of the mills have sup
plied figures showing the actual quantity of wool scoured during long 
periods in those years. Thesg statements do not classify the wools, but 
give the actual number of pounds scoured in the grease.

In connection with this investigation all of the wool-scouring machines 
a t the different mills were located and, as the machines differ somewhat 
in size and capacity, each machine has been measured and its capacity 
determined. The superintendents of the mills have furnished information 
as to the usual method of operating the machines, and their actual opera
tion has been carefully observed by the engineers engaged in the work.

As a general rule, the wool-scouring machines consist of four bowls. 
When work begins the bowls are filled, the necessary soap and other solu
tions added, and the machine is operated until the water in the first bowl 
becomes so dirty th a t it is deemed necessary to change it. The bowl is 
then emptied, rinsed and refilled with water and the necessary solutions 
again added. T he second bowl is usually operated in the same way, 
though in many cases the liquor from the second bowl is used in filling the 
first bowl after the latter has been emptied. The third and fourth bowls 
are operated in the same way as the first two and emptied when deemed 
necessary, bu t quite frequently the water of each bowl is advanced from 
time to time up to the first bowl and waste occurs only from the latter. 
In  some cases the third and fourth bowls are operated together and water 
passes through them continuously for rinsing, and in one case the wool, 
after passing the second bowl, is rinsed by a process in which great quanti
ties of water are used. _ ,

During 1910, and the part of 1911 covered by these investrgatrons, tire 
scouring machines a t the mills have not been operated to their full capacity, 
bu t preparations are being made in some of the mills to increase the capac
ity  of the scouring machines. , .

The following table shows the approximate amount of wool scoure i

each mill in 1910: —
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Approximate Amount of Wool scoured at the Woolen M ills at Lawrence in  1910.

Mill .

Amount

Pounds per 
Year.

Scoured.

Pounds 
per Day.

Lower Pacific,.................................................................................... 10,059,868 38,692

W ashington,.................................................................................... 24,156,476 84,463

Geo. E. K unhard t,............................................................................ 500,0001 1,7501

E. Frank L e w i s , ............................................................................ 19,550,647 68,359

A y e r , ............................................................................................ 2,500,000* 38,460

Wood Worsted, . . . . . . . . . . 22,050,402 77,099

Total, . . . . . . . . . . . 78,817,393 308,823

1 Estimated. 2 Estimated thirteen weeks.

For the purpose of determining the character of the wool-scouring wastes, 
numerous samples of the waste discharged from each of the bowls in all 
of the mills have been collected for analysis from time to time, beginning 
in 1910. In the first month or two the samples were collected in part 
from the top and in part from the bottom of the bowls before their dis
charge, but later on composite samples were taken from each bowl through
out the time it was being discharged. The first part of the discharge 
usually contains considerable sediment which was found to be largely 
sand, and the taking of samples was begun after the clear flow had been 
established. In cases wThere it was impracticable to obtain samples of the 
waste as it ran out of the bowl, samples were taken midway of the bowl 
before its contents were discharged. Some of the earlier samples showed 
the presence of a rather larger quantity  of fats than has been found in 
the later ones, which may possibly be due to some extent to the method 
of sampling, but the methods followed during most of the work appear to 
give a fair average of the character of the wastes discharged from the 
various bowls.

The results of averages of chemical analyses of the wool-scouring waste 
discharged from each mill between April, 1910, and July, 1911, are given 
in the following tables: —



Averages of Chemical Analyses of Wool-scouring Wastes discharged from Woolen Mills at Lawrence. m

L o w e r  P a c if ic  M il l .

F irst Bow l o f Scouring M achine.
Sixteen sam ples.

[Parts in 100,000.]

D ate of Collection.

R esidue on E vaporation. Ammonia.

Chlo
rine.

K jeldahl
N itrogen .

O
xy

ge
n

C
on

su
m

ed
.

H
ar

dn
es

s.

Fats.
TOTAL RESIDUE. LOSS ON IGNITION.

Free.

ALBUMINOID.

Total. Dis
solved.

Sus
pended. Total. Dis

solved.
Sus

pended. Total. Dis
solved.

Sus
pended. Total. In So

lution.

April 7, 1910-June 13, 1911, 9249 4098 5151 6968 2453 4515 15.08 40.93 24.79 16.14 - 115.30 60.70 531.1 964 4630

Second Bowl o f Scouring M achine. 
N ine sam ples.

July 6, 1910-June 13, 1911, 2384 1014 1370 1780 673 1107 3.91 13.40 7.10 6.30 - 38.51 19.27 172.8 259 1001

Third Bowl o f Scouring M achine. 
Seven sam ples.

July 6, 1910-March 30, 1911, . 570 280 290 413 185 228 0.90 4.39 1.76 2.63 - 10.82 4.86 57.4 79 296

Fourth Bowl o f Scouring M achine. 
T en  sam ples.

April 7, 1910-Dec. 22, 1910, 94 47 47 68 28 40 0.32 1.64 0.57 1.07 - 2.67 81.12 || 10.7 | 17 29
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R
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Average o f Third and Fourth Bowls o f Scouring M achine. 
Two samples.

May 3, 1911-Juno 13, 1911, 262 134 128 187 87 100 1.24 2.77 1.07 1.70 - 6.48 2.53 21.5 41 75

Average o f A ll Four Bowls o f Scouring M achine. 
Six samples.

July 27, 1910-Feb. 20, 1911, 3903 1599 2304 2672 999 1673 j 7.45 21.00 9.20 11.80 II
-  1 49.28 25.65 ! 166.2 398 1569

W a s h in g t o n  M il l s .
First Bowl o f Scouring M achine. 

T h irteen  sam ples.

April 20, 1910-June 27, 1911, 10767 4200 6567 5553 2243 3310 41.32 43.50 27.33 16.17 - 140.80 67.98 658.1 1069 2773

Second Bowl o f Scouring M achine. 
N ine samples.

July 29, 1910-June 27, 1911, . | 1702 714 J  988 j! 1229 437 792 J 6.93 10.80 5.70 5.10 -  1 30.91 16.05 139.0 201 696

Third Bowl o f Scouring M achine. 
N ine samples.

July 29, 1910-June 27, 1911, 381 200 181 l| 253 101 152 II 1 28
I I

2.22 1.08 1.14 1
-  I

7.94 3.21 34.2 |
52 | 196

OO
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Averages of Chemical Analyses of Wool-scouring Wastes discharged from Woolen Mills at Lawrence — Continued.
W a s h in g t o n  M il l s  —  Concluded.
Fourth Bowl o f Scouring M achine.

F ive sam ples. 
[Parts in 100,000.]

D ate of Collection.

R esidue on E vaporation. Ammonia.

Chlo
rine.

K jeldahl
N itrogen .

O
xy

ge
n

C
on

su
m

ed
.

H
ar

dn
es

s.

Fats.
TOTAL RESIDUE. LOSS ON IGNITION.

Free.

ALBUMINOID.

Total. Dis
solved.

Sus
pended. Total. Dis

solved.
Sus

pended. Total. Dis
solved.

Sus
pended. Total. In So

lution.

April 20, 1910-Sept. 27, 1910, . 165 79 86 117 45 72 i 0.46 3 .GO 1.52 2.08 - 4.50 1.55 18.4 23 62

Average o f A ll Four Bowls o f Scouring M achine. 
Seven sam ples.

July 29, 1910-March 1, 1911, 3551 1753 1798 2325 935 1390 22.42 22.60 13.45 9.15 - 53.57 29.87 278.0 480 1206

G e o . E . K u n h a r d t  M i l l . 
First Bowl o f Scouring M achine. 

Tw elve sam ples.

April 12, 1910-June 27, 1911, 7842 3458 4384 4825 1741 3084 16.13 48.01 26.88 21.13 - 119.00 66.28 551.5 1013 2433

Second Bowl o f Scouring M achine. 
N ine samples.

July  14, 1910-June 27, 1911, | 1746 774 972 j 1099 396 703 5.12 11.54 5.89 5.65 - 29.60 14.64 | 104.0 j 586 J 612
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Third Bowl o f Scouring Machine. 
F ive samples.

Oct. 9, 1910-May 9, 1911, . 119 81 38 81 47 34! 7.98 1.09 2.53 1.59 I 16.2 i 63

Fourth Bowl o f Scouring M achine. 
F ive samples.

April 8, 1910-June 13, 1911,

July 6, 1910-June 13, 1911,

April 12, 1910-Dec. 22, 1911, n  l ' l l  6 - - 0.10 0.05 0.03 0.02 - 0.17 0.10 1.0 8 3

Average o f Third and Fourth Bowls o f Scouring M achine. 
One sample.

June 27, 1911, . . . . 105 1 11 94 50 4 46 ; 0.26 0.96 0.08 0.88 1.94 0.16 4.9 5 6

Average o f A ll Four Bowls o f Scouring Machine. 
F our sam ples.

July 14, 1910-Dec. 22, 1910, 3071 j 1559 1512 1561 769 792 10.32 20.00 9.70 
1 10.30 63.07 29.53 : 276.0 j  498 1203

E . F r a n k  L e w is  M il l . 

First Bowl o f Scouring M achine. 
T h irteen  samples.

7944 | 3826 4118 4212 i 1836 i 2376 18.46 j 48.86 27.69 ! 21.17 " 106.21 | 62.40 460.3 1473 i 2010

Second Bowl o f Scouring M achine. 
T en  samples.

4134 2344 1790 ! 2028 921 1107 || 9.36 j  22.36 12.78 | 9.58 || -  || 46.31 | 26.17 || 201.0 1278 1016
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Averages of Chemical Analyses of Wool-scouring Wastes discharged from Woolen Mills at Lawrence — Continued.
E . F r a n k  L e w is  M il l  —  Concluded.

Third Bowl o f Scouring M achine.
E leven  sam ples.
[Parts in 100,000.]

D ate of Collection.

R esidue on E vaporation. Ammonia.

Chlo
rine.

K jeldahl
N itrogen .

O
xy

ge
n

C
on

su
m

ed
.

H
ar

dn
es

s.

Fats.
TOTAL RESIDUE. LOSS ON IGNITION.

Free.

ALBUMINOID.

Total. Dis
solved.

Sus
pended. Total. Dis

solved.
Sus

pended. Total. Dis
solved.

Sus
pended. Total. In So

lution.

April 8, 1910-June 13, 1911, 1619 960 659 749 335 414 2.11 7.33 3.70 3.63 - 19.11 9.31 94.0 644 352

Average o f A ll Three Bowls o f Scouring M achine. 
Seven sam ples.

July 6, 1910-Dec. 14, 1910, 5111 2508 2603 2638 1083 1555 13.01 23.20 13.57 | 9.63 - 62.96 30.18 | 281.8 1214 1140

A y e r  M i l l .

First Bowl o f Scouring M achine. 
N ine sam ples.

Nov. 18, 1910-June 23, 1911, 7405 4484 2921 | 4883 2522 2361 37.11 46.74 34.20 12.54 - 132.57 88.76 701.0 1114 1588

Second Bowl o f Scouring M achine. 
N ine samples.

Nov. 18, 1910-June 23, 1911, 1382 588 794 li 1027 386 j 641 3.33 10.93 6.63 4.30 - 29.64 18.58 ; 117.0 | 170 500
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Third Bowl o f Scouring Machine. 
Six sam ples.

Nov. 18, 1910-Fob. 10, 1911, 487 | 252 235 363 1 || 1 1 1 
164 | 199 j| 0.87 ; 4.92 2.81 2.11 - 13.11 6.41 37.0 66 144

Fourth Bowl o f Scouring M achine. 
Six samples.

Nov. 18, 1910-Feb. 10, 1911, 1
236 131 105 174 79 ! 05 |  0.43 | 2.59 j  1.21 1.38 - 6.11 2.83 23.4

II
40 88

Average o f Third and Fourth Bowls o f Scouring M achine. 
T h ree  sam ples.

April 7, 1911-Junc 23, 1911, 321 | 151 170 j 238 98 , 142 0.66 2.94 ■ 1.43 ' 1.51 - 7.10 3.72 j 39.7 37 85

Average o f A ll Four Bowls o f Scouring M achine. 
Six samples.

Nov. 18, 1910-Feb. 10, 1911, 2873 1 1616 1257 j 1968 932 1036 j 14.50 | 19.10 | 12.40 6.70 ! 54.07
1

38.94 208.0 1
442 734

W ood  W o r s t e d  M il l . 

First Bowl o f Scouring M achine. 
F ourteen  samples.

April 4, 1910-July 6, 1911, 7371 3104 4267 3978 1666 2312 j 39.85 47.00 28.74 18.26 1 - 101.50 49.06 i, 494.0 886 1901

Second Bowl o f Scouring M achine. 
E ig h t sam ples.

July 26, 1910-July 6, 1911, 2073 675 1398 1354 448 906 3.43 10.40 5.47 4.93 - 37.90 15.72 j 150.0 J 200 622
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Averages of Chemical Analyses of Wool-scouring Wastes discharged from Woolen Mills at Lawrence — Concluded.
W ood  W o r s t e d  M il l  —  Concluded.

Third Bowl o f Scouring M achine.
F ive sam ples.

[Parts in 100,000.]

D ate of C ollection.

R esidue on E vaporation. Ammonia.

Chlo
rine.

K jeldahl
N itrogen .

O
xy

ge
n

C
on

su
m

ed
, 

i

H
ar

dn
es

s.

Fats.
TOTAL RESIDUE. LOSS ON IGNITION.

Free.

ALBUMINOID.

Total. Dis
solved.

Sus
pended. Total. Dis

solved.
Sus

pended. Total. Dis
solved.

Sus
pended. Total. In So

lution.

July 26, 1910-Jan. 10, 1911, 351 171 180 255 98 157 0.52 2.40 1.08 1.32 - 6.88 3.G4 34.7 64 156

Fourth Bowl o f Scouring M achine. 
N ine sam ples.

April 4, 1910-Jan. 10, 1911, 101 53 48 72 30 42 0.31 1.04 0.36 0.68 - 2.74 1.06 9.6 20 39

Average o f Third and Fourth Bowls o f Scouring M achine. 
T h ree  sam ples.

April 7, 1911-July 6, 1911, 312 120 192 199 63 136 0.88 2.91 1.11 1.80 - 6.59 2.79 35.3 33 107

Average o f A ll  Four Bowls of Scouring M achine. 
F ive  sam ples.

Jan. 20, 1910-Jan. 10, 1911, 2353 1181 1172 |  1485 659 j 826 11.52 14.40 9.90 4 soII -  1 41 .29 23.85 148.1 | 337 772
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An examination of the analyses of the wastes discharged from the differ
ent bowls of the wool-scouring machines shows a t once th a t in all cases 
the liquor discharged from the first bowl contains several times as much 
organic matter and fats as are found in the second bowl, while in the waste 
from the third and fourth bowls of these machines the quantity  of organic 
matter and fats present, though usually much larger than is found in do
mestic sewage, is almost insignificant as compared with the quantity present 
in the first and often in the second bowl.

The total quantity of wool-scouring waste discharged from each of the 
bowls in the wool-scouring machines in each of the mills, and the quantity 
of fats contained in the wastes from each bowl, both when the mills are 
running full time and when operating as in 1910, are shown in the follow
ing table: —



Lower Pacific Mill.

B owl.

Mill running  F ull T im e . Mill running  as in  1910.
Fats

(Pounds
per

Gallon).

QUANTITY OF WASTE
(gallons).

AMOUNT OF FATS
(pounds).

QUANTITY of waste 
(gallons).

AMOUNT OF FATS
(pounds).

Per Year. Per Day. Per Year. Per Day. Per Year. Per Day. Per Year. Per Day.

F i r s t , ..................................................................... 6,870,000 24,020 2,658,690 9,296 4,441,000 17,080 1,718,668 6,610 0.3870

S e c o n d , ............................................................ 3,085,000 10,785 259,140 906 2,019,000 7,765 169,596 650 0.0840

Third and fourth, . . . . . . 18,155,000 - 63,480 181,550 635 12,264,000 47,170 122,640 472 0.0100

Total, . . . . . . . . 28,110,000 98,2851 3,099,380 10,837 18,724,000 72,015 2,010,904 7,732 -

Washington Mills.

F i r s t , ....................................................................

Second, . ..................................

Third and f o u r t h , ...........................................

17.023.000 

7,176,000

46.538.000

59,520

25,090

162,720

3,949,336

416,208

488,649

13,809

1,455

1,709

8.988.000

3.789.000 

24,572,000

31,427

13,248

85,916

2,085,216

219,762

268,006

7,291

768

902

0.2320

0.0580

0.0105

T o t a l , ............................................................ 70,737,000 247,330 4,854,193 16,973 37,349,000 130,591 2,572,984 8,961 -

Geo. E. Kunhardt Mill.

F i r s t , .......................................................................... 575,000 2,010 117,300 410 224,000 783 45,696 160 0.2040

Second, . . . . . . . . 575,000 2,010 29,325 103 224,000 783 11,424 40 0.0510

Third and fourth, . . . . . . 15,444,000 54,000 16,988 59 6,007,000 21,003 6,608 23 1 0.0011

Total, . . . . . . . . 16,594,000 58,020 163,613 572 6,455,000 22,569 63,728 223
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E . F r a n k  L e w is  M i ll .

First, . . . .
S e c o n d , ...........................................
Third, . . . .

T o t a l , ..........................................

12.256.000
5.953.000
2.463.000

42,854
20,813

8,613

2,059,008
511,958

71,427

7,199
1,790

250

9.988.000
4.852.000
2.008.000

34,923
16,965
7,021

1,677,984
417,272

58,232

5,867
1,459

204

0.1680
0.0860

0.0290
20,672,000 72,280 2,642,393 9,239 16,848,000 58,909 2,153,488 7,530 -

Ayer Mill.

First, .................................................................... 13,146,000 50,560 1,735,272 6,674 1,407,000 21,646 185,724 2,857 0.1320
Second, . . . . . . . . 6,360,000 24,460 267,120 1,027 680,000 10,462 28,560 439 0.0420
Third and f o u r t h , ........................................... 2,292,000 28,060 19,252 236 245,000 3,769 2,058 32 0.0084

Total, . . . . . . . . 21,798,000 103,080 2,021,644 7,937 2,332,000 35,877 216,342 3,328 -

Wood Worsted Mill.
First, .....................................................................

S e c o n d , ....................................................

Third and f o u r t h , ...........................................

Total, . . . . . . . .

20,282,000

16.815.000

42.479.000

70,916

58,792

148,528

3,224,838

874,380

361,072

11,276

3,057

1,262

8.702.000

7.214.000 

18,222,000

30,427

25,224

63,713

1,383,618

375,128

154,887

4,838

1,313

542

0.1590

0.0520

0.0085
79,576,000 278,236 4,460,290 15,595 34,138,000 119,364 1,913,633 6,693 -

Grand total, .
'

237,487,000 857,231 I 17,241,513 61,153 j 115,846,000 439,325 ; 8,931,079 34,467 -

1 This quantity wi» *» increased to 124,555 gallons by the recent addition of one more scouring machine.
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E f f e c t  o f  t h e  W o o l - s c o u r in g  W a s t e  u p o n  t h e  C o n d it io n  of the

R i v e r .

Calculations based upon analyses of the river water above the city of 
LawTence, analyses of the sewage ordinarily flowing in the sewers, and 
analyses of the wool-scouring waste discharged untreated from the various 
mills indicate th a t of the increase in organic matter occurring in the river 
between a point above Lawrence and a point above Haverhill in the six 
months from June to November, inclusive, in the year 1910, about 20 per 
cent, w-as probably due to the sewage of the city of Lawrence and the 
towns of M ethuen and North Andover, and about 50 per cent, to the 
organic m atter in the wool-scouring waste, leaving approximately 30 per 
cent, to account for the organic matter in all of the remaining waste in
cluded in division No. 3 on page 9.

I t  is probable, judging from these results, that nearly half the organic 
m atter added to the river as it passes the city of Lawrence is contained in 
the 'wool-scouring waste. The wool-scouring wastes not only contribute a 
very large proportion of the increase in the organic matter in the river 
w ater as it passes Lawrence, but they add to the river large quantities of 
fats which, as stated in the previous report, result in a grease-covered shore 
and bed for a long distance down the river and in the fouling of objects 
w ith which the water comes in contact.

Examinations of the coating found on stones and other objects at the 
bottom  and sides of the river and on boats, wharves, etc., show that a 
very large part of these coatings — more than 75 per cent. — consists of 
wool grease. The amount of fats found in much of the wool-scouring 
wastes from the various mills a t Lawrence is over 2,000 parts in 100,000, 
while the greatest quantity of fats found in the sewage of cities and towns 
rarely equals 20 parts in 100,000.

The results of the investigation show that if the wool grease alone should 
be removed from the river a decided improvement in its condition would 
be effected and that the fouling of the bed and banks of the stream, as well 
as of boats and other objects with which the water comes in contact, would 
be greatly diminished; but these wastes should a t the same time be giien 
such further treatm ent as would remove the greater part of the remaining 
organic m atter other than grease which they contain.

M e t h o d s  o f  t r e a t i n g  W o o l - s c o u r in g  W a s t e s  f o r  t h e  R ecovery  of 

F a t s  a n d  O t h e r  P r o d u c t s .

Works for the removal of fats from wool-scouring wastes have long been 
in use abroad and are being introduced in mills m this country, 
works have already been in use for several years a t the A ih n g to n  M
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at Lawrence, and more recently similar works have been installed for remov
ing grease from the wool-scouring waste at woolen mills a t Barre, Hudson, 
North Andover and elsewhere.

At the Arlington Mills a t Lawrence a process of removing grease with 
naphtha is in use, and a large works has been built for the purpose. The 
process is said to be controlled by patents, and has thus far been used only 
by the Arlington Mills in this State.

At all of the other mills a t which works have been installed for the re
moval of fats from the wool-scouring waste the acid process of treating 
the waste is employed, and large quantities of grease are recovered from 
the waste and sold for commercial purposes. There is considerable varia
tion in certain parts of the process for treating wool-scouring wastes for the 
removal of fats by this method, but in general it is ordinarily carried on 
about as follows: •—

The wool-scouring waste — after passing through settling tanks for the 
removal of sand and other heavy m atters — is pumped to cooling troughs, 
and thence flows to tanks in which acid is applied and a thorough mixture 
effected, ordinarily by the use of compressed air. A heavy precipitant, 
such as loam, river silt or fine sand, is sometimes then applied to the tanks, 
and the supernatant liquid subsequently drawn off as completely as prac
ticable through a floating intake. This supernatant liquid is then passed 
through sand filter beds covered usually with a layer of absorbent — gen
erally sawdust — to aid in removing the grease or fats remaining in the 
liquid, and the effluent from the filter beds when the works are properly 
operated is comparatively free from fats. This effluent, nevertheless, still 
contains great quantities of other matters, including large quantities of 
nitrogen and potash.

The sludge remaining in the tanks is also discharged upon filter beds and 
subsequently collected in bags and pressed for the removal of the grease. 
The sludge is then disposed of as a fertilizer or dumped in some favorable 
place. This sludge also contains large quantities of nitrogen and a small 
quantity of potash.

In one of the best operated of these works the quantity  of fat remaining 
in the final effluent discharged from the filter beds is about 6.5 parts in 
100,000, which is considerably less than the quantity  found in average 
domestic sewage; the quantity of fats found in the effluent from the sludge 
beds is usually about 15 parts in 100,000, or about the average quantity 
found in ordinary sewage. The success of these various works leaves no 
doubt that by means of similar works the fats could be extracted from the 
wool-scouring waste discharged from the mills a t Lawrence.
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D i s p o s a l  o f  t h e  W o o l - s c o u r in g  W a s t e s  a t  L a w r e n c e .

I t  may be possible for each of the mills a t Lawrence to care separately 
for its own wool-scouring waste and to treat it efficiently for the removal 
of fats and other m atters upon its own premises. The question as to the 
practicability of this method will have to be determined very largely by 
each mill for itself, as there do not appear to be any areas readily available 
for this purpose a t present on the premises of any of the mills. The cir
cumstances of the location of these mills are such, however, that it is 
practicable to collect the wastes from all of them by means of pipes laid 
m the bed of the river, and convey them to some point below the city for 
treatm ent. I t  is difficult in a thickly populated valley, like that of the 
M errimack River in the neighborhood of Lawrence, to secure an area well 
adapted to the purpose within reasonable distance of the city. There 
appear in this case, however, to be suitable areas of vacant land lying along 
the river below the city which could readily be adapted for the disposal of 
wool-scouring wastes. If some of these available areas could be secured 
for the purpose — and there is little doubt tha t they could be obtained if 
necessary — all of the wool-scouring waste requiring treatment from all of 
the mills could probably be conveyed to works in this region and treated 
satisfactorily a t less cost than by separate works located in the neighbor
hood of the mills.

In  addition to the studies of the pipe lines required in case all of the wool- 
scouring wastes should be conveyed to some place of treatment below the 
city, plans and sketches have been prepared showing the probable outlines 
of works required for treating the waste with acid for the removal of fats 
by methods now in use in this country, in order to determine the approxi
m ate area likely to be required for such works and their probable cost. 
As investigations have shown th a t the first two bowls of the scouring 
machines contain about 95 per cent, of the total fats in the wool-scouring 
wastes, it will probably be sufficient in the beginning to treat only the waste 
discharged from the^first two bowls.

The cost of all the works, including the pipes in the river, pumps, tanks, 
filters, filter presses, and all appurtenances, together with a protecting wall 
along the river in front of the works — required to guard against injury 
from freshets — it is estimated would be about $700,000. It is possible 
th a t economies in the use of water may reduce somewhat the quantity of 
wool-scouring waste requiring treatm ent and thus reduce the size of the 
necessary works. In addition to these works it would be necessary to 
pass the wastes from each mill through grit chambers for the removal of 
sand, which might otherwise clog the main pipes.

There is no doubt th a t the very objectionable condition of the Mem-
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mack River below Lawrence is caused very largely, if not chiefly, by the 
waste discharged from the process of wool scouring a t the woolen mills in 
that city, and there is also no doubt th a t the objectionable conditions in 
this part of the stream could be greatly relieved by the removal of fats from 
the wool-scouring waste. I t  would probably not be essential in the begin
ning to treat all of these wastes for the removal of fats, since investigations 
indicate, as stated above, tha t as the scouring machines are now operated 
95 per cent, of the fats, potash and nitrogen are contained in the waste 
from the first two bowls.

Inasmuch as well-tried methods for removing fats from such wastes are 
already in successful operation a t other mills in the State, there is no reason 
to doubt that the wastes from the woolen mills a t Lawrence could be suc
cessfully treated for the removal of fats by similar methods and the river 
relieved of this objectionable pollution.

F urther T reatment of th e  W ool-scouring W astes. 
hile the removal of the fats from the wool-scouring wastes would 

greatly relieve the river, the effluent remaining after such treatm ent 
would still contain much polluting matter, and additional studies have 
been made relative to the further treatm ent of these wastes. Numerous 
analyses of these wastes have been made from time to time during the past 
two years to determine the character of the im portant substances that 
would remain after the removal of the fats, and the results show tha t these 
wastes contain large quantities of nitrogen and potash which, if recovered, 
would, like the fats, have a marked commercial value. The results of 
these studies are summarized in the following table which shows, in addi
tion to the amount of fats, the approximate quantities of nitrogen and 
potash contained in certain definite quantities of the wool-scouring wastes 
discharged from the Lawrence mills. The figures for quantity  of fats in 
these samples differ somewhat from other results, but the difference is not 
large: —
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Amount of Fats, Nitrogen and Potash in Wool-scouring Waste discharged into 
Merrimack River at Lawrence in 1910.

Mill . Bowl.
Quantity 
of Waste 
(Gallons 

per Day).

Fats 
(Pounds 

per Day).
Nitrogen 
(Pounds 

per Day).
Potash 

(Pounds 
per Day).

Lower Pacific, . First and second, . 24,845 5,471 196All bowls, 72,015 5,797 223 1,751
Washington, First and second, . 44,675 5,705 558All bowls, 130,591 5,9411 567i 3̂570 *
Geo. E. Kunhardt, . First and second, . 1,566 189 11

All bowls, 22,569 2512 162 50*
E. Frank Lewis, First and second, . 51,888 7,158 618 3 485All bowls, 58,909 7,406 633 3,555
A y er,.................................. First and second, . 32,108 4,494 366 2,502All bowls, 35,877 4,528 368 2̂510
Wood, . . . . First and second, . 55,651 5,863 487 3,179All bowls, 119,364 6,430 526 3,313

Totals, First and second, . 210,733 28,880 2,236 14,342
All bowls, 439,325 30,353 2,333 14,749

1 Does not include 53,000 gallons par day of waste, which is the discharge from the fourth howl.
2 Does not include 10,500 gallons per day of waste, which is the discharge from the fourth bowl.

Based upon prevailing prices a t the present time, the total value of the 
wastes discharged into the Merrimack River in a year like 1910, when the 
mills were not in full operation, probably amounted to more than $400,000, 
and more than half of this amount represents the value of the nitrogen and 
potash contained in these 'wastes. Under the circumstances it is evident 
th a t by the further treatm ent of the waste, after the removal of the fats, 
products of a large aggregate value can be recovered from the wool-scouring 
wastes and a t the same time a further large reduction made in the quantity 
of organic m atter which now contributes greatly to the pollution of the 
river.

No works have thus far been installed in this State for the treatment of 
wool-scouring wastes for the recovery of potash and nitrogen, though such 
works are in existence abroad. The treatm ent will involve the evapora
tion of the residue after the removal of the grease if all of the valuable 
by-products are to be recovered, making necessary more extensive works for 
the treatm ent of these wastes than would be required for the removal of 
fats alone.

In calculating the value of the products tha t might be recovered from 
these wastes the present m arket price of each has been used. If, bower er, 
works were installed for the recovery of the wool grease now passing into 
the river a t Lawrence, an amount of grease would he produced annually 
perhaps nearly equal to the amount now used in this country each jeai, 
and its value would inevitably decrease. The cost of extracting this grease,
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moreover, or of recovering potash and nitrogen, cannot be accurately pre
dicted. I t  has seemed •worth while, however, to determine the theoretical 
value of the products now wasted into the river, and to discuss their re
covery as an important part of any scheme for removing the wool-scouring 
wastes from the river. Further extensive studies and investigations would 
be necessary by the mills, acting jointly, to determine accurately the com
mercial practicability of such recovery works.

Entirely apart from the commercial side of this question, however, is 
the fact tha t the wool-scouring wastes discharged from the mills are now 
the most serious source of pollution of the M errimack river a t Lawrence 
and must be removed if the river is to be brought again into a satisfac
tory condition.

Objectionable C onditions in  the  M errimack R iver  caused by

Sew age.
All of the cities and towns located along the Merrimack River which 

are provided a t present with systems of sewerage discharge their sewage 
untreated either directly into the river or into tributaries in the immediate 
neighborhood of the main stream, and the pollution of the bed and banks 
of the Merrimack River by the sewage of the cities and towns along its 
banks is probably a greater menace to the public health a t the present time 
than any of the other objectionable conditions found in this river.

Where sewage is discharged directly into the current of the river it 
quickly mingles with the water and objectionable conditions do not appear; 
but in the cities of Lowell, Lawrence and Haverhill the sewers for the most 
part terminate a t considerable distances from the river channel, and the 
sewage, spreading over the banks or the exposed bottom of the river, de
posits considerable quantities of offensive m atter, creating in many places 
very offensive conditions, often in thickly populated neighborhoods.

The systems of sewers in Lowell, Lawrence and Haverhill have been 
constructed largely on the combined plan, and sewage and storm water 
are received into the same sewers. In a very few cases pipes have been 
laid from the outlets of these sewers to convey the drv-weather flow of 
sewage to outlets in the channel of the stream in order to prevent the foul
ing of the river bank in the neighborhood of the outlet, and where properly 
constructed and maintained, such outlets have proved successful in pre
venting the pollution of the banks of the river. I t  will be impracticable 
in many cases to convey all of the sewage and storm-rvater flowing in the 
sewers a t times of heavy rain or when snow is melting rapidly to outlets 
in the current of the river, but in such cases the excess flowing a t such times 
can be allowed to discharge at outlets near the bank of the river without 
danger of creating seriously objectionable conditions.
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While the volume of water flowing in the river is a t present sufficient in the 
driest seasons for the proper dilution of all of the sewage the river receives 
nevertheless, if the cities continue to grow, the removal of a part of the 
sewage from some or all of the cities and towns may become necessary at 
some future time in order to reduce the aggregate quantity of sewage to 
an am ount th a t is not beyond the capacity of the river to absorb and readily 
dilute to a degree which will prevent danger of injury to the public health. 
The possibility of such a change should be kept in mind in the design and 
construction of sewerage works, and it is advisable that the further exten
sion of combined sewers in the cities along the river be discontinued and 
th a t separation of sewage from storm -water, be effected gradually in dis
tricts served by combined sewers. I t  is also advisable that the construc
tion of additional sewer outlets be avoided wherever practicable.

Each of the sewer outlets in the various cities and towns has been ex
amined, and where the conditions were found to be objectionable informa
tion has been collected to determine the practicability of improvement. 
The results of this investigation will here be briefly summarized, and 
methods by which the conditions can be satisfactorily improved in each 
case will be indicated.

Sew er  Outlets into the  Concord and M errimack R ivers in the

C ity of L owell and P lans by w hich Objectionable Conditions

CAN BE REMOVED.

The Concord River, while receiving considerable pollution above the 
point a t which it enters the city of Lowell, is not a t that point objection
able, and there are no evidences of sewage pollution in the appearance of 
the bed, banks and waters of the stream, except as shown by chemical 
analyses which indicate the presence in the water of a somewhat greater 
quantity  of organic m atter than is found a t points farther up the stream.

W ithin the limits of the city of Lowell, the Concord River is polluted by 
large quantities of sewage and by manufacturing wastes discharged into 
the stream from mills located along the river and its main tributary, Hales 
Brook. Just below the point where the river enters the city at Wiggin- 
ville it receives the flow of two small sewers and considerable foul drainage 
from the population in this section. Below' the Law'rence Street bridge 
and between this point and Warren Street practically all of the sewage 
from the population in the valley of the river is collected by the Lawrence 
Street sewer and discharged through the main outlet at Warren Street, 
which is the place of disposal for the sewage of a large part of the city. 
The sew'age discharged a t this outlet pollutes the Concord River greatly 
throughout the remainder of its course, and a t night and on Sundays, dur
ing the period of low' flow' in the drier part of the year, the flow' in the river



1913.] H O U SE — No. 2050. 29

between the Warren Street sewer outlet and the Merrimack River consists 
largely of sewage, most of which is discharged a t th a t outlet. The Warren 
Street outlet was extended not long ago, and it does not seem practicable 
to improve the conditions affecting the discharge of sewage into the river 
at this point, unless by constructing a sewer to convey the sewage to the 
Merrimack River, the cost of which would be very large. Such an exten
sion is likely to become necessary in the future and should be taken up 
for consideration after some of the more objectionable conditions elsewhere 
have been eliminated.

In addition to the main sewer outlet near Warren Street there are several 
other sewer outlets into the Concord River, most of which are not objec
tionable. An old drain discharging a t the foot of Chestnut Street evidently 
receives little sewage and under present conditions is not objectionable. 
A sewer serving a densely populated section of the city discharges through 
an outlet a t Wall Street near the level of the river bed on the east side of 
the Concord River a t about low water mark. At times of high flow in 
the river the pipe is submerged, but on Saturday afternoons and Sundays in 
the dry season of the year the conditions about this outlet are very filthy. 
It is probable th a t by paving the bottom of the river about the outlet and 
a small channel leading to low water the conditions about this outlet could 
be greatly improved.

At Prescott Street an overflow from the main sewerage system discharges 
under the Prescott Mills into the Pawtucket raceway below the canal dam, 
and when examined has not been objectionable.

Farther down stream there are two sewer outlets — one from the east 
and one from the west — discharging under the bridge a t E ast Merrimack 
Street and two others discharging from the east side of the river between 
East Merrimack Street and the point where the Concord River joins the 
Merrimack. The conditions about these outlets have been improved in 
recent years and none of them appears to be seriously objectionable at 
the present time. If the Warren Street outlet should be extended to the 
Merrimack River the sewage from all of the other im portant outlets now 
discharging into the Concord River could be intercepted and the further 
pollution of the Concord River by sewage, except from storm overflows, 
largely prevented. I t  is assumed, of course, tha t the plans already pre
pared for the collection and disposal of the sewage of the Wigginville dis
trict and the areas near South Lowell will be carried out a t no distant time 
in the future.

In addition to the pollution which the Concord River receives by sewage 
from the sewer outlets described above, the river is also polluted by sewage 
from the mills along the river and its tributary, Hales Brook, nearly all 
of which discharge their sewage directly into the stream. The river also
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receives considerable pollution from manufacturing wastes, the most seri
ous of which is tha t from the processes of wool scouring and tanning, 
although considerable pollution is no doubt also caused by wastes from 
cloth washing, dyeing, etc. The more important of these pollutions from 
the mills are the following:

At the W aterhead Mills, located a short distance below the Lawrence 
Street bridge, the sewage from about 200 operatives is discharged directly 
into the river, together with a considerable quantity of manufacturing 
wastes, amounting when examined to about 140,000 gallons per day, con
sisting of spent dye liquors and waste water from the washing of cloth.

At the Bay State Mills, farther down stream, a great accumulation of 
offensive m atters was found in the raceway a t the time of the examination. 
The river also receives from this mill the sewage of about 400 operatives 
and manufacturing wastes amounting to about 270,000 gallons per day, 
consisting chiefly of spent dyes and waste water from the washing of 
cloth.

At the Sterling Mills on Hales Brook the stream is polluted by the sew
age of about 175 operatives and foul waste from the scouring of about 50,000 
pounds of wool per year. The river also receives a t this mill about 400,000 
gallons per day of waste water from dyeing and cloth washing.

At the mills of the Belvidere Woolen Company, also located on Hales 
Brook, the stream is polluted by the sewage of about 100 operatives and 
also receives about 300,000 gallons per day of waste liquors from dyeing 
and washing cloth.

At the works of the United States Bunting Company, also on Hales 
Brook, the stream is polluted by the sewage from about 500 operatives and 
the foul waste resulting from the scouring of 1,500,000 pounds of wool per 
year. The river also receives spent dye liquors and wash water to the 
am ount of about 220,000 gallons per day.

The Lowell Bleachery, located on Hales Brook, discharges into the stream 
each day the sewage from about 450 operatives and also about 2,160,000 
gallons of water used in bleaching and washing cloth.

Small quantities of sewage are also discharged into Hales Brook and the 
Concord River from the Allerton Worsted Company and the Heinze Elec
tric Company, and possibly from other places in this section.

On the easterly side of the Concord River opposite Hales Brook is lo
cated the Fort Hill plant of the American Hide and Leather Company, 
from which a large quantity  of foul waste from the process of tanning is 
discharged directly into the river. Farther down stream the chief pollu
tion from manufacturing waste is caused by the Howe Street tannery of 
the American Hide and Leather Company, which it is understood is soon 
to be closed and removed to the new works near Fort Hill.
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The examinations of the river show tha t above the main sewer outlet 
at Warren Street it is considerably polluted, being badly discolored at 
Rogers Street and Andover Street chiefly by wastes from the industrial 
establishments along its banks. Objectionable odors were noticeable a t 
Andover Street which on investigation were found to come from the tan
nery on Howe Street. At Rogers Street no objectionable odors were de
tected at any time during the examination. Very likely the objectionable 
odors which appear to have been complained of a t this street may be caused 
by the discharge, a t times of storm, of large quantities of sewage from the 
Rogers Street overflow, located just below the bridge a t this point. The 
only practicable relief from the discharge of sewage a t this outlet at times 
of storm is the separation of the sewage from the storm-water in the dis
trict served by this sewer. If tha t were done, the storm-water could be 
allowed to discharge without objection a t the present outlet, while all of 
the sewage would be diverted a t all times to the Lawrence Street sewer.

For the further improvement of the condition of the'C oncord River 
above the Warren Street sewer outlet, the measures most necessary at 
the present time are the diversion of the remaining sewage now discharged 
into the Concord River and its tributary, Hales Brook, from the factories 
in their neighborhood and the diversion from the stream of the foul organic 
wastes from the processes of tanning and of wool scouring. In the tannery 
a considerable quantity of loose dirt and dust collected from the skins is 
now discharged into the liquid wastes which flow into the river. This 
matter could easily be separated from the other wastes and kept out of 
the river. The liquid tannery wastes can all be discharged into the Law
rence Street sewer, which is of ample capacity to receive them, after pass
ing through settling tanks for the removal of heavier m atters and other 
substances which might be objectionable in the sewers. The settling tanks 
should be designed and constructed under the direction of an engineer of 
experience in such matters, and they should be maintained in such a way 
as to secure the most efficient results. The wastes should not be admitted 
to the sewers of the city except under conditions which will insure the 
keeping out of the sewers of all matters which might interfere with their 
operation.

The wool-scouring waste, so long as the quantity is no greater than it 
appears to be a t the present time, can also probably be disposed of by dis
charging it into the sewers without objection after passing through properly 
designed settling tanks. In this case, as in the case of the tannery wastes, 
it is essential that the tanks be of proper design, and it  is especially neces
sary that they be maintained in such a way as will secure the most efficient 
results. Such tanks would require proper cleaning a t frequent intervals 
and it would be necessary to dispose of the sludge a t some place where
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it  would not be objectionable. In case the quantity of these wastes should 
increase materially, or if the present amount should cause objectionable 
conditions in the sewers, it would probably be necessary to remove the 
fats before these wastes are admitted to the sewers, as is now done at 
several other woolen mills in the State.

The remaining wastes from the mills now discharged into the Concord 
River would have the effect of coloring the water of the stream at times; 
bu t if the more objectionable of the manufacturing wastes and the sewage 
fiom the mills are removed as recommended, the remaining manufactur
ing wastes are not likely to create objectionable conditions in the stream, 
unless the quantity  becomes greater than a t the present time.

The results of the investigation of the condition of the Merrimack River 
show th a t a t the point a t which it enters the State above Lowell it is already 
considerably polluted by sewage and manufacturing wastes discharged into 
the river beyond the limits of Massachusetts, but above the city of Lowell 
the sanitary condition of the stream is satisfactory. In its passage through 
the city of Loivell the river receives much pollution from sewage and manu
facturing wastes, and the conditions around several of the sewer outlets 
are a t the present time very offensive.

Beginning a t the up-stream limits of the city there are three small sewer 
outlets discharging into the river above the Pawtucket dam all of which 
are submerged, and the conditions about them are unobjectionable at the 
present time.

At White Street an extension of the sewer outlet has produced a con
siderable improvement, and the conditions about it are not now seriously 
objectionable.

A t the Sparks Street outlet, located on the northerly side of the river 
ju st above the m outh of Beaver Brook, the conditions are not satisfactory 
a t times, but there are few inhabitants in the neighborhood and a change 
in this outlet does not appear to be required at present.

The sewer from Hall Street discharges a large quantity of sewage through 
a 30-inch pipe a t the edge of the water on the southerly bank of the river 
below the City Landing, seriously fouling the banks and bottom of the 
stream and creating a nuisance in the neighborhood. The objectionable 
conditions a t this outlet could be removed by lowering the last two or three 
lengths of the cast-iron pipe and adding four or more lengths, which W'ould 
carry the outlet to a point a t least 48 feet from the bank of the river where 
the w ater is about 6 feet in depth, and the outlet would be submerged at 
all times.

The Aiken Street outlet, discharging under the southerly end of the 
Aiken Street bridge, creates a very serious nuisance in a densely populated 
section of the city. The sewage is discharged a t the edge of the stream,
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and the shallow water and exposed shores in the neighborhood of the out
let and below it are very badly polluted a t times when the flow of the 
river is low in the drier portion of the year. The objectionable conditions 
at this outlet can be removed by laying a smaller pipe from the present 
sewer to carry the dry-weather flow for a distance of about 215 feet into 
the river. The pipe for the new outlet should be 16 inches in diameter 
and should be carried back into the present sewer about 20 feet from the 
face of the bridge abutment, where a concrete dam should be constructed 
with its top at about elevation 51 to divert the dry-weather flow of sew
age into the pipe. If the pipe is carried out to a point of discharge about 
■215 feet from the present outlet, the objectionable conditions about this 
outlet will be removed.

The sewer outlet a t Tilden Street is not seriously objectionable a t the 
present time. There are few people in the neighborhood of this outlet 
except when the mills are running, and a t such times the large quantities 
of water discharged immediately above and below the outlet tend to carry 
the sewage quickly away from the shore and dilute it thoroughly without 
causing objectionable conditions.

The objectionable conditions which have hitherto existed a t the West 
Street outlet have recently been removed by laying an iron pipe which con
veys the dry-weather flow of sewage to an outlet in the river submerged 
at all times.
; At Fulton Street, on the north side of the river below W est Street, there 

is an outlet which discharges through a 16-inch cast-iron pipe about 90 
feet back from the water and creates a serious nuisance. The objectionable 
conditions at this outlet can be removed by extending the 16-inch sewer to 
a point about 145 feet from the present outlet, which would be about 50 
feet from the present bank of the river a t low water.

At Colburn Street, a short distance below Fulton Street, there is a large 
brick sewer outlet 26 by 39 inches in diameter, located a t a point about 
40 feet back from the edge of the river a t low water, which creates a serious 
nuisance. The objectionable conditions a t this outlet can be relieved by 
hying a pipe at least 12 inches in diameter from the present outlet to a 
point in the river 90 feet therefrom, where the depth of the water in dry 
weather is ordinarily about 4 feet. The pipe should be extended into the 
stwer for a distance of about 6 feet and a dam built a t th a t point to divert 
the sewage into the pipe.

At Front Street, below Fulton Street, a 16-inch sewer now discharges 
sewage into the river about 20 feet back from the edge of low water, foul
ing the shores considerably during the drier part of the year. The objec
tionable conditions at this outlet can be removed by lowering the last 
few lengths of the present pipe and extending the sewer, a t the same size
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as a t present, a distance of about 60 feet from the present outlet, to a 
point where the water is 7 or 8 feet deep.

The sewer outlet located just below Bridge Street, on the north side of 
the river, is not objectionable a t the present time, and the same may be 
said of the outlet a t Read Street, farther down on the north side of the 
river. The sewer outlet a t Myrtle Street discharges into a channel in the 
river which is practically always filled with water so that the outlet is 
submerged, and no change appears to be required at the present time.

At Alder Street, on the south side of the river, below the mouth of the: 
Concord River, a brick sewer 22 by 33 inches in diameter discharges at the 
present time about 50 feet back from the water in the river in dry weather, 
and there is some accumulation of objectionable matter about it. The 
objectionable conditions a t this outlet could be removed by laying an iron: 
pipe from a point in the sewer about 9 feet back of the outlet to a point; 
in the river about 160 feet from the present termination of the sewer, 
where it  would be submerged at all times. A pipe 16 inches in diameter 
would probably be sufficient for the removal of the dry-weather flow at 
all times.

At Stackpole Street, below Alder Street, on the northerly side of the river, 
there is a sewer outlet which a t the present time discharges at the edge ol 
the river a considerable distance from the main current. Changes now 
being made in the river channel when completed will cause a part of the; 
flow of the river to pass the outlet, and an extension will probably not b< |  
necessary, as there are no buildings in the immediate neighborhood o 
this outlet. No change appears to be required at the present time.

An outlet a t Guild Street, below Stackpole Street, on the southerly side 
of the river, discharges a t a point remote from buildings, and no change 
appears to be required at this outlet for the present.

There are a number of other sewer outlets in the city, including a few 
small outlets discharging into Beaver Brook, at which conditions do not 
a t present appear to be objectionable.

S ew er  Outlets into the  M errimack and Spicket R ivers in the <.i t i  
of L aw rence and P lans by w hich Objectionable Condition!
CAN BE REMOVED.

There are a number of objectionable sewer outlets discharging into th j 
M errimack and Spicket rivers in the city of Lawrence, each of which h;l
been examined, and methods by which the conditions could be materially 
•improved have been devised. _ I

One of the most im portant sewer outlets in the city dischaiges t i:o,|g 
an opening 7 feet 3 inches in diameter in the north abutment of the Broac| 
way bridge. This sewer, which drains a large and populous district, di|:
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charges through an open channel excavated in the bottom of the river 
from the abutm ent of the bridge to a point where it finally reaches the 
water about 300 feet distant. In its passage through this channel, m at
ters from the sewage collect on its sides and bottom, causing a very offen
sive odor in the neighborhood. The conditions about this outlet can be 
very greatly improved and the nuisance prevented by constructing a pipe 
to carry the dry-weather flow of sewage a distance of about 300 feet to a 
point where it will discharge into the water a t times when there is no flow 
over the dam. A pipe 24 inches in diameter would probably be required, 
and it would be necessary to excavate a considerable trench and to cover 
the pipe thoroughly with concrete, else the current of the river when water 
is running over the dam would quickly wear away any structure tha t 
might be placed there.

On the southerly side of the river the South Broadway, or Shanty Pond, 
sewer discharges through a 24-inch outlet of cast-iron pipe extending about 
200 feet into the river from the south abutm ent of the Broadway bridge. 
This sewer formerly discharged a t the abutment, but has been extended 
and an overflow provided a t the former outlet. While this outlet is 
not very objectionable a t the present time, the conditions could be im
proved by extending it about 50 feet to a point where there is a consider
able quantity of water in the river bed, even when there is no flow over 
the dam.

A short distance below' the Shanty Pond outlet is an outlet of an 18- 
inch sewer from Carver Street discharging into the river beneath the mill 
of the Munroe Felt and Paper Company. A considerable deposit accumu
lates in front of this outlet a t times, due in part to sewage and in part to 
refuse from the paper mill. The objectionable conditions a t this outlet 
can be greatly relieved by diverting the point of discharge into the race- 
way of the next mill a short distance down stream. The outlet can 
probably be extended full size from its present termination into the race- 
W'ay without serious difficulty, and this would probably be the best plan 
of relieving the nuisance a t this outlet.

At the Parker Street outlet, on the south bank of the river, just below 
the railroad bridge, sewage collects in a large pool, whence it flow's in a 
w'inding course to the river, a distance of 150 feet when the water is low. 
The conditions about this outlet are very objectionable and could be greatly 
improved by conveying the dry-weather flow' of sewage in a suitable pipe 
to the river channel. A practicable plan of improving this outlet will be 
to construct a manhole outside of the foundation wall of the mill in front 
of the outlet, with an overflow to allow for the discharge of sew'age a t times 
of storm. The pipe for the discharge of the dry-w'eather flow should be 
extended from the bottom of the manhole a t about grade 7.0, a distance
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of about 200 feet, to a point in the river where the outlet will be submerged 
a t all times.

A t the Lawrence Street outlet the great quantity of water ordinarily 
discharged from the raceway above quickly removes the sewage from the 
neighborhood. At night and on Sundays, however, sewage tends to col
lect in the neighborhood of this outlet, but, as it is probable that the river 
will be deepened in this immediate neighborhood, an extension does not 
seem necessary a t the present time.

The sewer outlet a t Newbury Street discharges at the present time about 
170 feet back from the river and flow's through an open channel to the 
water. The conditions are not seriously objectionable at the present 
time, and in view of the probability tha t changes along the river front 
in this section will make necessary a relocation of this outlet, no change 
appears to be desirable a t the present time.

The sewer outlet a t Osgood Street, 48 inches in diameter, discharges at 
present through the masonry river wall, beneath the Wood Worsted Mill 
on the southerly side of the river. I t  is said that a 12-inch pipe was for
merly laid from the invert of this sewer to carry the dry-weather flow to the 
channel, but th a t subsequently the main sewrer wTas extended and the pipe 
either covered up or filled, so tha t it is no longer in use. The present out
let discharges about 130 feet back from the river a t low water and about 
10 feet above it. The conditions about it are objectionable and could be 
relieved by laying a 20-inch cast-iron pipe from a point about 12 feet back 
from the mouth of the sew'er to an outlet in the river about ISO feet from 
the river wrall. At the point wThere the pipe leaves the main sewer a suit
able dam should be constructed wTith its elevation at about grade 11.4.

At Garden Street, the Spicket River intercepting sewer, 5 feet 9 inches 
in diameter, discharges the sewage of a large part of the city of Lawrence 
and of the town of Methuen into the Spicket River, and, as the flow o 
this stream in the drier part of the year is very small — amounting to 
little or nothing on Saturday afternoons and Sundays the flow be ow
this outlet consists largely of sew'age.

A small outlet from the hospital discharges under the bridge opposite 
the Spicket River outlet, and farther down stream, at Canal Street, the 
Spicket River receives the sewage from a 24-inch sewer, draining a con
siderable area east of the river.

The conditions in the Spicket River are very offensive at the present 
time and should be relieved. I t  is probable that the best plan of improv
ing these conditions will be to convey the dry-weather flow °f sewage 
the Garden Street and hospital outlets down the valley o ie > 
River to Canal Street, intercepting the additional sewage discharg 
this point, and thence down the Spicket River to the Merrimack.
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sewer will probably have to be laid during much of its course toward the 
lower end in the bottom of the Spicket River and should be made large 
enough to carry the dry-weather flow of all of the tributary sewers in the 
Spicket River valley.

At High Street a 12-inch pipe sewer discharges between 80 and 90 feet 
back from the river near the foot of a steep bank, and considerable de
posits of mud and sludge have collected between the outlet and the river. 
The best plan of improving this outlet will probably be to extend it with 
a cast-iron pipe of the same size as the present sewer a distance of about 
132 feet, which will carry the outlet to a point about 45 feet beyond the 
present low-water line, where the sewage will quickly mingle with the cur
rent of the river.

The sewage from the M arston Street sewer is discharged a t present a t 
a point about 250 feet back from the edge of low water in the river, and 
deposits occur in the neighborhood. The sewer should be extended a 
distance of about 150 feet to the river bank, and from this point it will 
probably be best to lay an iron pipe 12 inches in diameter to remove the 
dry-weather flow of sewage to a point in the river where the sewage will 
be discharged below low water a t all times and from which it will not 
return to pollute the banks of the stream.

A 12-inch sewer from Ferry Street discharges a t present about halfway 
down a steep bank which borders the river on the north side and 250 feet 
back from the channel when the water is low in summer. The conditions 
about this outlet are objectionable and could be relieved without difficulty 
by lowering the last 7 or 8 lengths of the present sewer and laying an iron 
pipe of the same size to a point about 107 feet from its present terminus, 
where the outlet will be covered with water a t all times.

Sewer Outlets into th e  M errimack R iver  in  th e  C ity of H averhill

and P lans by which Objectionable C onditions can b e  removed .
At the city of Haverhill the conditions affecting the sewer outlets are 

somewhat different than a t Lowell and Lawrence on account of the rise 
and fall of the tide. The total number of sewer outlets examined in this 
city is 33, 26 being located on the northerly side of the river and 7 on the 
southerly side. M ost of the outlets are located at or near the level of high 
water, and all but 5 discharge above low water, these latter being sub
merged at practically all stages of the tide. The conditions about many 
of the outlets are objectionable, and the banks and bottom of the river in 
their neighborhood are in many cases very foul.

Beginning a t the upper end of the city, on the northerly side of the river, 
the first sewer outlet is found a t the foot of Florence Street. This sewer 
discharges through an 18-inch Akron pipe a t a point about 60 feet back
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from, and 12 feet above, low water in the river, and the sewage flowing 
toward the river has cut a deep channel in the bank in which considerable 
sewage refuse accumulates. The objectionable conditions at this outlet 
can be removed by extending the sewer to the edge of the river, where a 
suitable abutm ent wall should be constructed to prevent injury by freshets 
and an overflow provided for storm-water to discharge through the wall. 
The dry-weather flow of sewage should be carried in a pipe about 12 inches 
in diameter to an outlet in the river about 110 feet from the shore, where 
theie is a sufficient depth of water to keep the outlet covered at all times 
and where the current will prevent matters in the sewage from returning 
to pollute the river bank. The discharge of the mingled sewage and storm
water a t the edge of the river will not create seriously objectionable condi
tions.

At Lamont Street a 20-inch pipe discharges through a concrete abutment 
a t the foot of a steep bank bordering the river about 35 feet back from low 
water and 8 feet above it. The present outlet can in this case be retained 
as an overflow, and the objectionable conditions caused by the discharge 
of sewage on the bank of the river can be removed by extending a 12-inch 
cast-iron pipe from a manhole back of the present outlet to a point in the 
river about 80 feet from the wall in which the sewer now terminates. The 
outlet would then be covered at all times and the fouling of the bank of 
the river with sewage avoided.

At Beach Street a 12-inch Akron pipe discharges at the foot of a steep 
river bank 50 to 60 feet back from low-water mark in the river. The ob
jectionable conditions a t this outlet can be relieved by lowering the last 
few lengths of the present sewer and extending a cast-iron pipe of the 
same diameter as the present sewer about 132 feet from the present outlet, 
which will carry the outlet to a point about 70 feet beyond the low-water 
limit of the channel.

A t Ayer Street there is a 24-inch Akron pipe discharging through a 
wooden wall a t the edge of the river but a t a point where the bank for a 
distance of about 15 feet is exposed a t low water. The pollution of the 
river bank by this outlet can be prevented by extending a 12-inch pipe 
from a manhole back of the wall a distance of about 77 feet into the river, 
where it would terminate a t a point where there is about 8 feet of water 
a t  low tide. As in the other cases the present outlet may be retained to 
serve a t times of storm as an outlet for the mingled sewage and storm
water. I t  will probably be necessary, in order to protect the sewer in this 
region, to construct a higher wall, but the new wall can be of a temporary 
nature, as a wall of a permanent character will very likely be found neces
sary along this section of the river a t no great distant time.

A t Freeman Street there is a sewer outlet discharging through a wall
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directly into the river beneath a factory building. There were no objec
tionable conditions a t this outlet a t the time of the examinations, and a 
change does not appear to be required a t the present time.

At Washington Avenue a 24-inch sewer discharges through a concrete 
abutment just above the north abutm ent of the Boston & Maine Railroad 
bridge. A considerable strip of river bank is exposed in front of this out
let at times of low water in the immediate neighborhood of a mooring 
ground for boats. The objectionable conditions a t this outlet could be 
removed by constructing a manhole a few feet back from the concrete 
abutment, from the bottom of which a 12-inch cast-iron pipe could be 
laid out into the river a distance of 100 feet from the present outlet and 
the dry-weather flow of sewage discharged a t a point where the water is 
8 feet or more deep a t low tide. A storm-water overflow should be con
structed from the manhole with its bottom a t about grade 10.0 to discharge 
either through the present outlet or a new opening in the wall a t a higher 
level.

The Essex Street sewer apparently receives the flow from about one- 
third the entire sewered portion of the city of Haverhill north of the M erri
mack River, including a portion of the watershed of Little River. A brick, 
egg-shaped sewer, 4 feet 6 inches high by 3 feet 6 inches wide, discharges 
through a rectangular opening 5 by 4J feet in the masonry wall beneath 
Washington Square Park, just above the mouth of the Little River con
duit. At extreme low water a strip of sandy liver bottom is exposed in 
front of the sewer, and a t high water the outlet is practically submerged. 
The sewage from this outlet, passing along close to the shore, tends to 
foul the bank of the river, and it is very desirable tha t the dry-weather 
flow of sewage be conveyed to some point in the channel where it will not 
foul the neighboring shore. The outlet can be extended by constructing 
a manhole back of the wall, from which a 24-inch pipe laid to a point about 
100 feet from the river bank will dispose of the sewage where it will not 
cause objectionable conditions. An overflow should be provided in this 
manhole as high as elevation 10.0, through which sewage and storm-water 
can discharge through the present opening in the wall.

The Emerson Street sewer outlet, which is located about 100 feet below 
Little River, is 24 inches in diameter and discharges through an outlet in 
the masonry wall of the river under Washington Square Park  a t a point 
where a small strip of river bottom is bare a t low water. The sewrnge from 
this outlet should be carried farther into the river where it will not pollute 
the river bank, and this can be done in a manner similar to th a t described 
for the extension of the Essex Street outlet. A 12-inch pipe will probably 
be sufficient to carry the dry-weather flow, and the outlet had probably 
better be extended from the bottom of a manhole back of the river wall
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to a point about 122 feet outside the river wall, where the water in the 
river is about 7 feet in depth at low tide. The manhole should be pro
vided with a storm overflow, a t a level of about grade 10.0, discharging 
through the present outlet.

At E lliott Place an 18-inch Akron pipe sewer discharges through the 
masonry river wall a t a point about 100 feet down stream from the Emerson 
Street outlet. The quantity of sewage discharging here is very small, and 
when examined appeared to consist largely of clear water. The outlet 
does not appear to be seriously objectionable and no change is necessary 
a t the present time.

Near the foot of West Street private sewer outlets, including a sewer in 
W est Street which apparently receives the dry-weather flow of sewage 
from Howe and Pecker streets, discharge through a wooden wall directly 
into the river. These outlets did not appear to be objectionable at the 
time of the examination, but if a new wall should be built along the river 
a t this point it  would be advisable to collect the sewage of all of the various 
drains discharging in this neighborhood and convey it to a suitable outlet 
in the river well away from the shore.

A 24-inch circular sewer from Fleet Street discharges at present through 
the foundation wall of a store occupying the river front in this immediate 
vicinity into a small cove a t the edge of the river. The bottom of the 
river is exposed for 20 or 30 feet in front of the sewer outlet and the con
ditions about it are foul. The improvement of this outlet will be difficult, 
and probably the most practicable plan will be to divert the sewage from 
this sewer easterly in Merrimack Street to a connection with the sewer in 
M ain Street near the Haverhill-Bradford bridge. The present outlet may 
continue to be used as an overflow for storm-water if necessary, together 
with whatever sewage may be discharged into the present sewer between 
M errimack Street and the present outlet.

A t Main Street a 36-inch circular brick sewer discharges into the river 
through an opening in a wooden river wall just below the Haverhill-Brad
ford bridge. The sewer is a large one, being in a densely populated part 
of the city, and the outlet is objectionable. A practicable plan of improv
ing conditions a t this outlet will be to lay a 16-inch cast-iron pipe from a 
manhole a few- feet back from the present outlet to a point of discharge 
in the river 122 feet from the river wall, where the depth of the water is 
about 10 feet at low' tide. The bottom of the manhole should be at about 
grade -4.0, and an overflow should be provided from the manhole with 
its bottom  a t about grade 10.0, which may discharge through the present

outlet. .
At Green Street a 20-inch Akron pipe, which ends in a rectangular wooden 

sewer 2.3 feet square and about 12 feet in length, discharges through the
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wooden river wall about 300 feet below the Main Street outlet and just 
above an angle in the river line. Two boat-club landings are located just 
below this outlet, and a t ebb tide the sewage can be plainly seen passing 
the floats. An effectual plan of relieving the objectionable conditions a t 
this outlet will be to construct a manhole back of the river wall and lay 
a 12-inch cast-iron pipe to a distance of about 42 feet from the present 
outlet. The bottom of the manhole, if placed about 20 feet back of the 
wall, should be a t about grade 0.7, and a 20-inch storm overflow should be 
provided from this manhole with the elevation of its bottom a t about 
grade 10.0. This overflow can discharge through the present outlet.

An 18-inch Akron pipe sewer from Moore Street discharges a t the present 
time at the edge of the river a t low water just below the boat-house of the 
Haverhill Yacht Club. This sewer should be extended a t its full size to 
a point a greater distance from shore, and this could easily be done by 
lowering 7 or 8 lengths of pipe a t the lower end of the present sewer and 
continuing it with cast-iron pipe to a point about 100 feet from shore, 
where the sewage will discharge into deep water a t all times.

At Kent Street a 30-inch circular brick sewer discharges a t the present 
time just below the end of a river wall a t the foot of this street. The end 
of the sewer is breaking away and a t the present time is about 20 feet 
back from low water, and the outlet is very objectionable a t times. Con
ditions can be made satisfactory by laying a 12-inch cast-iron pipe from a 
manhole near the outlet to a point of discharge in the river about 110 feet 
from the present outlet, with a suitable overflow a t grade 10.0, through 
which storm-water may be discharged.

At Lindel Street the dry-weather flow of sewage from sewers in Lindel 
Street and Carleton’s Court is conveyed through a submerged outlet to 
a point of discharge in the river about 160 feet from the shore. This out
let apparently operates satisfactorily, and no sewage was found discharg
ing at this point in dry weather a t any time during the examinations.

At Mill Street, also, there is a submerged outlet carried out into the 
river — according to the measurements — a distance of about 120 feet, 
and this outlet also appears to operate satisfactorily.

At Buttonwoods Avenue the present outlet is very objectionable and 
should be carried out to a point of discharge into the river as has been done 
■with the outlets above. In this case a 12-inch cast-iron pipe extending 
from a manhole back of the outlet to a point in the river about 122 feet 
from the present outlet would dispose of the dry-weather flow of sewage 
unobjectionably at all times. The present outlet should be retained as a 
storm overflow.

A large sewer 39 by 50 inches, discharging a t the foot of Island Street 
about 50 to 60 feet back from the edge of the stream at low water, is a t
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the present time very objectionable. A practicable plan of removing the 
dry-weather flow of sewage from this outlet will be to lay a 14-inch cast- 
iron pipe from the present sewer a few feet back of the outlet to a point 
in the river about 110 feet from the present terminus of the sewer. A low 
concrete dam built up to a height of about 1.5 feet above the bottom of 
the present sewer should be constructed in the sewer to divert the sewage 
into the pipe.

A small sewer 8 inches in diameter discharges at the present time on the 
river bank near Mechanic Street, where flats are exposed in front of the 
outlet a t low water. The sewer should be extended with cast-iron pipe 
of the same size to an outlet into the river about 120 feet from the present 
point of discharge.

A 10-inch sewer discharging at the foot of Greenville Street should also 
be extended full size to a point of discharge about 156 feet from the 
present outlet, where the depth of water a t low tide is about 6 feet.

Similarly, the 12-inch sewer at Haverhill Street should be extended at 
its full size into the river a distance of about 144 feet from its present ter
minus, in order to prevent the fouling of the flats in front of the outlet 
a t low water. In this and the two foregoing cases it would be necessary 
to lower the last few lengths of pipe above the present outlets before con
structing the extensions.

The outlet of the server a t Keeley Street has recently been extended into 
the river, and no further change appears to be necessary at the present 
time.

A small private sewer outlet a t Adams Street is very objectionable and 
should be extended to a suitable point of discharge in the river.

A t Munroe Street a 20-inch sewer now discharges through a stone abut
ment considerably out of repair a t a point about /0 feet back from low 
water in the river. The fouling of the flats in front of this outlet can be 
prevented by diverting the dry-weather flow of sewage through a pipe 
about 12 inches in diameter, extending from a manhole back of the present 
outlet to a point of discharge in the river about 134 feet from the end of 
the present sewer. The present outlet should be retained as a storm over-

At Polk Street a 15-inch sewer discharges at the present time about oO 
feet back from low water. This sewer should be extended by means o 
a cast-iron pipe of the same diameter to a point of discharge in the river
about 150 feet from the present outlet.

On the south side of the river there are 7 sewer outlets, and among tiem
some of the most objectionable in the city.

At F ront Street, opposite Ayer Street, the dry-weather flow of sewag 
is conveyed to a submerged outlet in the river 75 feet from siore wi
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24-inch storm-water overflow, and the conditions about the outlet are 
satisfactory.

At Bradford Avenue a 48-inch circular brick sewer draining a very large 
area in the residential part of the district discharges a t the foot of a steep 
bank about 200 feet down stream from the Boston & Maine Railroad 
bridge. This sewer a t present discharges in very shallow water a t the 
edge of the river, where a very wide area of flats is exposed a t low tide. 
The sewer at its lower end is in a dilapidated condition and should be re
built. The best plan of relieving the nuisance a t this outlet will probably 
be to lay a 16-inch cast-iron pipe from a manhole, to be constructed a 
short distance back from the present point of discharge, to an outlet in 
the river 300 feet from the end of the present sewer, where the depth of 
water is about 5 feet. The bottom of the manhole would probably be 
placed at about grade 0, and an overflow should be provided with its 
bottom at about grade 10.0. A suitable abutm ent wall will be needed to 
protect this outlet.

At Prospect Street a 15-inch pipe discharges a t present a t the foot of a 
steep bank about 60 feet back from low water, and the conditions about 
it are objectionable. This outlet can best be improved by extending it by 
means of a 16-inch cast-iron pipe to a point of discharge in the river about 
144 feet from the end of the present sewer. The last few lengths of pipe 
at the lower end of the present sewer will require lowering in making this 
extension.

At Summer Street a sewer serving a large area discharges a t a point 
about 70 feet back from the edge of the river a t low water, and the condi
tions about it a t present are objectionable. The dry-weather flow from 
this outlet can be conveyed to a suitable point of discharge in the river by 
means of a 12-inch pipe about 164 feet in length, laid from a manhole which 
can be constructed near the end of the present sewer. I t  will be best in 
this case to extend the pipe for the dry-weather flow somewhat down 
stream instead of at right angles to the river bank, and a storm-water over
flow with its bottom a t grade 10.0 should be provided.

At Main Street a circular brick sewer 30 inches in diameter discharges 
through a stone wall just below the Haverhill-Bradford bridge. The out
let is 150 feet back from the stream a t low water, and the conditions about 
it are very objectionable a t the present time. A practicable plan of relief 
will be to lay a 16-inch cast-iron pipe from a manhole a few feet back of 
the present outlet to a point of discharge in the river where the outlet is 
likely to be covered a t low water. The discharge pipe required in this 
case will be nearly 200 feet in length. The present sewer outlet can be 
retained for use as a storm overflow.

At Ferry Street a 24-inch circular brick sewer discharges a t a point about
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130 feet back from low water, whence sewage finds its way to the river 
nough a foul trench containing deposits of sewage. The sewer when 

constructed apparently extended out a considerable distance beyond the 
present point of discharge, but the outlet has been broken away and is 
a t present m a dilapidated condition. This sewer should be extended a 

is ance of about 95 feet to the river line, where a manhole and a suitable 
abutm ent to protect it should be constructed. The dry-weather flow of 
sewage should be diverted from this manhole through a 12-inch cast-iron 
pipe to a point of discharge in the river about 100 feet from shore where 
the depth of water would be about 3 feet at low tide. The bottom of this 
manhoJe should be a t about grade 8.0.

A sewer outlet located about 2,500 feet down stream from Ferry Street 
has been carried out into the river to a point of discharge below low water 
and appears to be unobjectionable a t the present time.

Sewage D isposal into the  M errimack R iver in  the City of 
N ewburyport.

The sewers of the city of Newburyport are constructed on the separate 
plan, and practically all of the sewage of the city is conveyed to a single 
outlet which discharges into the Merrimack River near Halftide Rock 
below the city. The outlet is so located that it  is exposed at extreme low 
W'ater, and sewage from the outlet pollutes considerably the adjacent flats. 
The question of the best plan of disposing of the sew’age from this outlet 
requires further study, but it is probable that, by extending the pipe a 
distance of about oOO feet to a point w'here the sevrage will discharge into 
the current of the river a t all times, the objectionable conditions about this 
outlet can be removed.

Other  S ewer Outlets discharging into the M errimack River.
In  addition to the sewer outlets already considered there are a few' minor 

outlets discharging into the river or its tributaries, but the conditions about 
these outlets were not found to be objectionable at this time.

Sewers are being constructed in the town of Amesbury, but the outlet 
had not been completed a t the time these investigations were made.

C ondition of the  T ributaries of the M errimack R iver.
Reference has already been made to the condition of the tributaries of 

the Merrimack River in the portions of their courses which lie through 
the cities and towns adjacent to the river.

The Nashua River — which is tributary to the Merrimack at Nashua 
in New Hampshire —• is a very badly polluted stream, the pollution being
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caused chiefly in this case by the sewage discharged into the north branch 
of the river a t Fitchburg and Leominster, though the stream is also polluted 
by large quantities of manufacturing wastes a t various points in Massa
chusetts. Works are now under construction for the purification of the 
sewage of the city of Fitchburg which will relieve to a considerable extent 
the pollution of this river. The town of Leominster has been notified by 
the State Board of Health of the necessity for entering a t once upon the 
construction of a system of sewage disposal for the purification of the 
sewage of that town.

As soon as the removal of the sewage of Fitchburg and Leominster from 
the river has been accomplished a decided improvement will no doubt 
take place in the condition of the Nashua River. I t  will be necessary, how
ever, in order to bring this stream into a satisfactory condition, to require 
the purification of the objectionable manufacturing wastes by which it is 
now seriously polluted.

In the valley of the Concord River, above the city of Lowell, there are 
several points at which the streams are badly polluted, the most notable 
being the pollution of the Assabet River a t M aynard by great quantities 
of wool-scouring and cloth-washing wastes, its pollution by manufacturing 
wastes at Hudson, and the pollution of the Sudbury River by manufac
turing wastes a t Saxonville. In all of these cases plans are being prepared, 
or works are already under construction, for relieving the pollution of 
these streams at the points indicated.

Respectfully submitted,

X. H. GOODNOUGH,
Chief Engineer.

H. W. CLARK,
Chemist.
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Average Analyses of Samples of Water from the Merrimack River.
Tyngsborough Bridge.

[Parts in 100,000.]
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1911, .19 7.13 3.17 .0138 .0206 .0168 .0038 .39 .0090 .0003 .60 1.8
1912, .19 6.94 3.37 .0134 .0168 .0132 .0036 .36 .0140 .0002 .64 2.2

Above Lawrence.

1911, - 7.11 3.26 .0276 .0269 .0201 .0068 .57 .0123 .0008 .61 -

1912, .21 7.04 3.23 .0197 .0211 .0180 .0031 .50 .0150 .0006 .62 2.4

Below Lawrence.

1910, j - 10.15 4.06 .0419 1.0547 .0311 .0236 .73 .0041 .0013 1.18 -

1911, . ! .25 10.02 4.33 .0434 (.0491 .0302 .0189 .65 .0114 .0010 .95 2.2

1912, . j .23 9.77 4.32 .0241 .0469 .0269 .0200 | .65

ooooCOo .91 2.9

Above Haverhill ,  at Willowdale.

1910, .48 10.09 4.17 .0478 .0528 .0322 .0206 .76 .0049 .0011 1.33 -

1911, .23 9.74 4.36 .0306 .0487 .0298 .0189 .61 .0097 .0010 .88 2.3

1912, .22 9.39 4.16 .0229 .0351 .0236 .0115 .59 .0140 .0009 .83 2.8

Above Haverhill ,  Ball Grounds.

1910, .47 9.85 3.39 .0465 .0490 .0309 .0181 .73 .0034 .0012 1.18 -

1911, .23 9.33 4.21 .0307 .0401 .0265 .0136 .65 .0083 .0009 .82 2.2

1912, .22 9.02 4.05 .0226
1

.0357 .0234 .0123 .59 .0130 .0009 .86 2.8

Below Haverhill ,  Groveland Bridge.

1910, .42 8.92 3.72 .0590 .0429 .0289 .0140 .74 .0036 .0017 1.10

1911, .24 9.13 3.93 .0385 .0375 .0262 .0113 .68 .0075 1.0010 .76

1912, .22 8.70 3.61 .0251 .0342 .0234 .0108 .62 .0120 .0011 .78
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Average Analyses of Samples of Water from the Merrimack River — Concluded.
Below Haverhill ,  Huntington Hill. 

[Parts in 100,000.1
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1910, . .42 9.27 3.72 .0610 .0402 .0293 .0109 .78 .0036 .0026 1.08 -

1911, . .25 9.16 4.06 .0415 .0373 .0270 .0103 .70 .0074 .0011 .81 2.3

1912, . .24 9.01 4.07 .0257 .0311 .0214 .0097 .59 .0160 .0009 .81 2.6

Above Merrimacport, Long Hill.

1910, .
■ -41 9.71 3.64 .0616 .0403 .0305 .0098 1.48 .0036 .0041 1.09 -

1911, . . .24 1 9.84 4.25 .0463 .0397 .0274 .0123 .93 .0084 .0011 .81 2.5

1912, .
• ,23 8.99 3.68 .0309 .0357 .0229 .0128 .65 j .0110 .0009 .78 2.8

Below Merrimacport, Pipesfave Hill.

1910, . .41 25.72 4.65 .0660 .0391 .0300 .0091 , 9.20 .0039 .0053 1.08 -

1911, . .23 11.33 4.75 .0383 .0387 .0282 .0105 3.94 .0091 .0013 .80 2.4
1912, . . .22 9.03 3.78 .0340 .0322 .0221 .0101 1.73 .0120 .0011 .79 -

Above Amesbury Narrows.

1910, . . .36 236.24 23.38 .0654 .0354 .0278 .0076 110.89 .0016 .0042 1.10 -r

1911, . .22 12.10 4.34 .0405 .0404 .0276 1.0128 ! 51.79 .0089 .0013 .79 2.9
1912, . .22 - - .0370 .0311 .0213 .0098 ! 18.22 .0110 .0012 .77 -

Carr's Island.

1910, . .26 1379.58 - .0414 .0312 .0242 1.0070 i612.39 - .0017 1.11 -
1911, . .18 - - .0305 .0367 .0259 .0108 j 340.81 .0086 .0009 .79 -
1912, . .19 - - .0307 .0289 .0186 .0103 246.82 .0090 .0009 .81 -




