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

by the provisions of chapter 40 of the Resolves of the year 1922, en-
titled “Resolve providing for an investigation of the present sewerage
system of the cities of Salem and Peabody and also for an investiga-
tion as to the causes of pollution of the North River in said cities.”

Respectfully,

EUGENE R. KELLEY.
Commissioner of Public Health.

Cljc Commontoealth of Massachusetts.





REPORT OF THE DEPARTMENT OF PUBLIC
HEALTH UPON THE PRESENT SEWERAGE
SYSTEM OF THE CITIES OF SALEM AND
PEABODY AND THE CAUSES OF POLLUTION
OF THE NORTH RIVER IN SAID CITIES.

To the General Court
In accordance with the provisions of chapter 40 of the Resolves of

the year 1922, the State Department of Public Health has investi-
gated the condition of the North River in the cities of Salem and
Peabody and the condition, capacity and operation of the main trunk
sewer and its appurtenances and submits the following report.

The resolve is as follows

Resolved, That the department of public health is hereby authorized and
directed to investigate the condition of North River in the cities of Peabody
and Salem, to examine thoroughly the present condition, capacity and operation
of the main trunk sewer, constructed under authority of chapter three hundred
and fifty-three of the acts of nineteen hundred and one and acts in amendment
thereof and in addition thereto, and its principal tributary sewers, the pump-
ing stationand all appurtenances thereof, and all questions pertaining to said
system of sewerage works which said department may deem necessary to con-
sider in order to determine the cause of the objectionable conditions in said
North river. Said department shall after such an examination determine what
measures and means are necessary for improving said system and removing
any nuisance or objectionable condition in said North river or any tributary
thereof. Said department may examine, in connection with this investigation,
all tributary sewers in said cities and may enter the premises of any manufactur-
ing establishment to determine whether sewage or waste is discharged therefrom
either into said sewer or into said river and ascertain the amount and character
of such sewage or waste. If, as a result of its investigations, the department
finds that it is necessary or desirable to construct additional works or modifica-
tions in existing works or to provide other means for collecting, removing, stor-
ing or purifying said sewage or waste, it shall make such recommendations as it
finds necessary or desirable and shall prepare plans of said works and estimates
of the probable cost thereof.

The total expenditures incurred by the said department under this resolve
shall not exceed ten thousand dollars. The expenditures so incurred shall be
reported by the said department to the governor and council and shall, when
appro\ed by them, be paid out of the state treasury. The commonwealth shalle reimbursed by the cities of Salem and Peabody for such expenditures under
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this resolve as shall be approved as aforesaid. Each city shall pay to the state
treasurer such portion of the said total expenditures as the said department shall
determine, and thereupon the amount so apportioned to each city shall be
assessed and collected by the state treasurer from each of the said cities in the
manner provided and at the time required for the assessment and payment of
state tax.

Said department shall make all reports required by this resolve to the gen-
eral court on or before the second Wednesday in January, nineteen hundred and
twenty-three, accompanied by such drafts of proposed legislation as may be
necessary to carry said recommendations into effect. [Approved May 27,1922.

The Department has examined the North River and its tributaries
and the sewerage works of Salem and Peabody and has caused an
investigation to be made by its engineer of the sources of pollution
of the North River, the condition, capacity and operation of the main
trunk sewerage system, the amount and character of the sewage,
drainage and manufacturing waste tributary thereto, and the changes
and improvements necessary to the efficient operation of the works.
The details of this investigation are included in the report of the
chief engineer of the Department which is attached to and made a
part of this report.

Complaints of nuisance in the North River due to the pollution of
that stream and its estuary began many years ago, and various
measures of prevention were tried until relief was afforded by the
construction of the main trunk sewer and the disposal at sea of the
sewage and manufacturing wastes which had formerly found their
way into the river and its tributaries. But while conditions were
much improved in the years after the completion of the main trunk
system, they have again grown worse and have become very objection-
able in recent years.

The main trunk sewer and the outfall works were constructed by
the city of Salem and completed and first operated near the end of
the year 1906. The cost of the works, as stated in the report of the
Salem Sewer Commissioners for 1907, was about 1461,400.

After the construction of the works was begun the Legislature
authorized the then town of Peabody to dispose of its sewage into
the main trunk system, and in August, 1907, the town paid to the
city of Salem $150,000 as its share of the cost of the main trunk
sewer, pumping station and outfall works.

The main trunk sewer extends from the boundary line between
Salem and Peabody at Harmony Grove Road through the valley of
North River to a pumping station near Cat Cove, from which the
sewage is pumped through a 30-inch cast-iron outfall sewer or force
main laid beneath the bottom of the sea to an outlet near Great
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Haste Island off Salem Harbor. No reservoir is used in connection
with this works, and the sewage is pumped to the outlet continuously
as rapidly as practicable as it reaches the pumping station.

The sewage of Peabody enters the main trunk sewer at its upper
end in Harmony Grove Road at the boundary line between the two
cities. The sewerage system of Peabody was constructed some fifteen
years ago and has been extended to serve nearly all the more thickly
populated portions of the city. It was designed on the separate plan
to receive only sewage and manufacturing wastes high in organic
matter which, unless diverted, might seriously pollute the streams,
and to exclude storm water and ground drainage so far as practicable.
This plan has been closely followed on the whole, though in a few places
storm water enters the system in considerable quantities at times of rain.
The sewers receive the domestic sewage from the city, which had in
1920 a population of 19,552, and the foul manufacturing wastes from
upwards of 50 tanneries and allied industries. The wastes from these
works contain much matter in suspension and at nearly all of the
establishments the wastes are treated in settling tanks or by means
of screens with other devices for the removal of the heavier matters
which might cause deposits in the sewers. The sludge thus separated
from the wastes is deposited upon dumps in the neighborhood of the
factories or elsewhere in various parts of the city.

Recent examinations of the operation of the treatment works at
the various factories show that the quantity of suspended solids in
the effluents entering the sewers has been greatly reduced on the
whole as compared with the quantity present in the wastes from these
works eight years ago. A great improvement has taken place also
in the condition of the principal tributaries of the North River in
Peabody within the past eight years. The waters of these tributaries

Strongwater Brook, Proctor Brook and Goldthwait Brook are
still badly polluted, chiefly by the discharge of comparatively small
quantities of manufacturing wastes, by the drainage and seepage
from sludge deposits, by occasional overflows of manufacturing wastes
from treatment works, and by the drainage from streets and tannery
yards, but their condition during the recent investigations has been
much less objectionable than formerly.

But while the streams in Peabody receive comparatively little
direct pollution, it has been necessary at times for considerable
periods to discharge a part of the sewage of Peabody into North
River through a waste gate at the Salem and Peabody boundary
because the sewage in the main trunk sewer has backed up to such
a height as would have caused it to flow out through the manholes
in the lower part of the city and create other objectionable conditions
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if an overflow had not been provided. The discharge of sewage into
North River at this point has been one of the chief sources of its
serious pollution in recent years.

In Salem sewers were first constructed many years ago, and as in
all the older systems they were designed for the removal of storm
water and ground drainage as well as sewage to an outlet into the
harbor or the nearest available water course. In later years the
separate system was adopted and the greater part of the city is now
provided with sewers on the separate plan, but a considerable area
served by combined sewers still remains, though the separation of
the sewage from the storm water in these areas has been urged by
the city engineer.

When the main trunk sewer was built, the Salem sewers, which
receive storm water, were connected with the system in such a way
that all of the dry-weather flow of sewage from most of the area
drained by combined sewers would enter the main trunk system, but
each connection was so arranged that when the flow in the tributary
sewer rises above a certain height the mingled sewage and storm water
overflows into the North River or Salem Harbor through the former
sewer outlet. The sewers from a part of the area served by the com-
bined system in Salem are, however, connected directly with the main
trunk sewer without an overflow.

In addition to the sewage discharged into North River through sewer
overflows from areas served by combined sewers adjacent to that
stream in Salem, there is a waste gate near North Street bridge
through which sewage from the main trunk sewer itself is wasted into
North River, especially at times of rain when the sewage rises above
a certain height, but also at other times, especially to make practi-
cable the cleaning of the sewers. Sewage is also discharged at times
in large amounts from the main trunk sewer through a waste gate
at Derby Street with an outlet into Salem Harbor near the middle of
the Philadelphia and Reading Pier, but this discharge does not affect
the condition of North River.

As a result of these and other conditions, described more fully in the
engineer’s report, much sewage has entered the North River through
the overflows and waste gates the amount of which has been increased
in recent years by a high rainfall, especially in the summer months.

The results of the investigation show very clearly that the discharge
into North River of large quantities of sewage which should be re-
moved by the main trunk sewer is the principal cause of the nuisance
in North River which has caused such serious complaint in recent
years, and, in the opinion of the Department, if this sewage were



91923.] HOUSE — No. 1175.

removed, together with a few minor pollutions, further nuisance in
North River could be prevented.

The chief cause of these objectionable conditions is the inadequacy
of the outfall sewer or force main of the main trunk system for the
proper removal of the sewage. The capacity of this main is now

overtaxed by the increased quantity of sewage which the growth of
the cities in population and industry now brings to the disposal
works, and its original capacity has been reduced by a gradual ac-
cumulation of matters along the inner walls of the pipe.

In consequence of the inadequacy of this main to dispose of the
sewage as rapidly as it reaches the pumping station, it is necessary,
in order to store the excess of sewage flowing in working hours, to
allow it to back up in the main sewer, thus greatly reducing its
velocity of flow, providing conditions favorable to the formation of
deposits, and greatly interfering with the cleaning and proper main-
tenance of the sewer. The deposits which form on the sides and
bottom of the sewer further interfere greatly with the flow of sewage,
and at no time during these investigations has the sewer been capable
of removing more than half of its fair carrying capacity, while at its
upper end it has often been flowing full when, if reasonably clean, it
would be flowing but half full.

The character of the sewage contributes materially in producing
these conditions. Accumulations of grease, hair and other organic
matters, coming chiefly from manufacturing establishments, cling to
the sides of the sewer, together with lime, which forms a hard scale
very difficult of removal, and greatly reduce its capacity, while a
considerable quantity of heavier matters is brought in by the com-
bined sewers at times of rain.

If the trunk sewer were kept reasonably clean, unnecessary storm
water connections removed, and the gradual separation of the sewage
from the storm water effected in the city of Salem, its capacity would
be adequate to meet the needs of Salem and Peabody for a long time
in the future.

But under the existing conditions the trunk sewer is incapable of
removing all of the sewage from tributary sewers at all times, and
even in dry weather it has been necessary occasionally to discharge a
part of it through the waste gates. In times of rain the sewer quickly
becomes surcharged, the waste gates are opened, and much or all of
the sewage is discharged or overflows into local waters.

In order to provide adequate means for the proper disposal of the
sewage and prevent further serious pollution of North River and other
local waters, it is essential to construct a new and larger force main
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and also to increase the pumping capacity. It is possible that the
present pipe line can be cleaned and restored to its original capacity
or at least that a part of it can be cleaned and its capacity consider-
ably enlarged; but even if restored to its original condition it would
not be capable of removing the sewage as rapidly as it reaches the
pumping station and preventing the serious reduction in the carrying
capacity of the trunk sewer that results from the backing up of the
sews

It is advisable, in the opinion of the Department, that in construct
ing a new force main a new outlet be selected in deeper water and at

a considerable distance from the present outlet. Experience with
deep-sea outlets since the construction of the outlet at Great Haste
Island shows that there is a much more rapid diffusion of the sewage
in the sea water when the outlet is located in a considerable depth
of water in a tideway of ample volume. A favorable location can

the present outlet but beyond the
age therefrom.

no doubt be found in the region of
area materially affected by the sev

As a result of its investigations, the Department recommends that
in diameter be provided to dis-an additional force main 48 inchc

charge a part of the sewage at a avorable outlet in the sea in the
1, that the pumping capacity be
sewage to the outlet as rapidly as
at the trunk sewer be thoroughly
er working order, that objection-
that interfere seriously with the

a

neighborhood of Great Haste Islan
increased sufficiently to deliver the ;
received at the pumping station, th
cleaned and kept thereafter in prof
able chemicals or other substances
flow be eliminated from the sewage , and that all unncessary storm

ble be excluded from the sewers.water and leakage so far as practice
The Department further recommends that the separation of the

sewage from storm water in Salem be begun and carried out gradually
at such rate as may be necessary to prevent the serious pollution of
local waters by the discharge of sewage at times of storm.

The cost of the additional force main and pumping equipment is
estimated at present prices at about $660,000. With ample force
main capacity and suitable pumping equipment it' will be practicable
to reduce greatly the cost of maintenance, especially the cost of power
on account of the great reduction of the head under which the pumps
will work; in fact, with the size of force main recommended it will
doubtless be practicable for a number of years at least to discharge
the night sewage by gravity for several hours at low tide without
backing up the sewage to such an extent as to reduce the normal
velocity of flow in the main trunk sewer.

A provision of the resolve requires that each city shall pay to the
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State Treasurer such portion of the total expenditures of this investi
gation as this Department shall determine.

An equitable division of these costs is a somewhat difficult matter
under the circumstances. If the cost of maintenance were to be taken
as the basis of this division, using the payments for maintenance in
the five years from 1917 to 1921, the most recent available, Peabody’s
share would be 28.4 per cent and Salem’s share 71.6 per cent; but if
the division were based on the cost of maintenance for the most
recent year available (1921) Peabody’s share would be 32.9 per cent
and Salem’s 67.1 per cent.

Portion paid by Per Cent paid by

I Maintenance, |
Total Cost, j

Salem. j Peabody. 1 Salem, j Peabody.

1917 522,879 84 514,443 76 $8,436 08 63.2 30.8
1918 22,053 34 16,642 07 5,411 27 75.5 24.5
1919 25,956 35 19,704 42 6,251 93 75.9 24,1
1920 42,476 07 32,500 88 9,975 19 76,5 23.5
1921 47,174 14 31,663 76 15,510 38 67,1 32.9

Totals 5160,539 74 5114,954 89 $45,584 85
Averages five years, 1917-21 . ! - - J: 7 j q 28 4

On the other hand, the results of the investigation indicate that
when the works are again brought into proper operation by the im-
provements herein suggested the proportion to be paid by each city for
maintenance costs may be considerably changed. The results of the
investigations have led to the finding, however, that the essential
need in order to restore these works to a condition in which they can
be properly operated is a large addition to the outfall works, involving
an increase in the capital charge which, if the works were constructed
at present prices, would exceed materially the original cost of the
works.

In view of the circumstances, the Department is of the opinionthat a fair basis for payment for the expenses of the investigationwould be the relative capital charges already paid by the two citiesor the mam trunk sewerage system. As stated in the report of thehalem Sewer Commissioners for 1907, the total cost of the workswas about 8461,400, of which Peabody paid $160,000, or 32.5 percent. The Department determines that 32.5 per cent of the cost of
is investigation should be paid by the city of Peabody and 67 5per cent by the city of Salem.
Ihe Department believes it desirable, since this investigation has

‘scose the fact that a new force main to convey the sewage to sea
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$3,764 66
1,812 62

is essential for the disposal of the sewage of Salem and Peabody in
addition to the pipe line now in use, that an opportunity should be
afforded the town of Danvers and the city of Beverly to join in the
plans should those municipalities or either of them so desire. A deep-
sea outlet is most desirable for the disposal of the sewage of Danvers,
and the present main sewer outlet at Beverly is objectionable.

In so far as the construction of works for Salem and Peabody alone
is concerned, however, and their maintenance and operation, it ap-
pears probable that a joint board similar to the Salem-Beverly Water
Supply Board, to construct the additional works and operate the main
trunk system, would have advantages over the present arrangement.
Such a board, if provided with an adequate force suitably equipped,
could do all new construction and maintain and operate the main
trunk system to the best advantage. If created, it should be pro-
vided with sufficient powers to regulate and control the character of
the sewage and wastes entering the sewers which might affect in-
juriously the operation of the works, and have authority to inspect
the operation of devices for the treatment of such sewage and wastes.
Such a board with adequate appropriations could secure better results
than are possible with the present arrangement in which responsibility
is divided among several clepartments charged with certain duties
pertaining to the operation of the works and the prevention of the
pollution of the North River.

Under the circumstances, the Department finds it impracticable,
until hearings have been held and sentiment has been thus ascertained,
to present a draft of legislation which would best meet the conditions.

Financial Statement.
Appropriation $lO,OOO 00
Expenditures:

Salaries of engineers and assistants .... $4,525 06
Traveling expenses 761 41
Drawing materials and blue prints .... 44 65
Equipment and repairs 34 71
Laboratory expenses 174 41
Express 37 04

5,577 28

Balance unexpended §4 422 72

Dividing this amount in the manner herein approved, the share of
each city is as follows:
Salem (67.5 per cent)
Peabody (32.5 per cent)
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Office of Chief Engineer, Department of Public Health
141 State House, Boston, Jan. 8, 1923.

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

present sewerage system of the cities of Salem and Peabody and the
causes of pollution of the North River in said cities.

The North River is a tidal estuary, an arm of the Danvers River
which extends southerly from that stream and receives the flow of
upland water from a drainage area of about 13 square miles, com-
prising nearly the entire area of the city of Peabody and a consider-
able section of the city of Salem with very small areas in Lynn and
Lynnfield. The general location of the river and its tributaries is
shown on the accompanying map of Salem and Peabody (Plan No. 1).

From its upper end near the Salem-Peabody boundary line down
to North Street in Salem, a distance of lj miles, the tidal portion of
the river is confined for the most part in a channel partly walled in
from 35 to 70 feet in width, which is filled and emptied by the tide
twice each day. At low tide this part of the river is very shallow
and its bottom at present is largely covered with a deposit of foul
organic matter.

Below North Street the channel widens rapidly, and from this
point to its confluence with the Danvers River, a distance of about
three-quarters of a mile, the North River is a tidal basin varying in
width from 500 feet for a short distance below North Street to an
average of about one-quarter of a mile throughout the rest of its
course. In this part of the river extensive muddy flats covered in
places with much objectionable organic matter are exposed at low
tide and are offensive to inhabitants of the neighborhood.

Practically all of the population of Peabody and about one-third
of that of Salem live within the watershed of the North River.
Along the river in Salem and in the valleys of its principal tributaries
in Peabody, viz., Strongwater Brook, Goldthwait Brook and Proctor
Brook, are situated upward of 80 manufacturing establishments, chiefly

REPORT OF CHIEF ENGINEER

REPORT
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tanneries and industries connected therewith which produce in the
aggregate large quantities of foul manufacturing waste. These in-
dustries have been established in this region for many years, and the
consequent pollution of the streams by sewage and by waste matters
has made the North River a source of complaint and the subject of
official investigation from time to time for nearly fifty years.

Various palliative measures for relieving the nuisance in the North
River were resorted to in the earlier years, until in 1895, under the
provisions of chapter 112 of the Resolves of that year, the State
Board of Health was directed to consider a general system of drainage
and sewerage for Salem and Peabody and to report the results of its
investigation to the next General Court. The time for making that
report was subsequently extended by chapter 69 of the Resolves of
1896, and the report was presented to the General Court in 1897.

For several years nothing further was done, the cities failing to
agree upon a plan; and in 1901 an act was passed —chapter 353 of
the Acts of the year 1901, entitled “An Act to authorize the city of
Salem to alter and extend its system of sewage disposal ” which pro-
vided that the city of Salem might build a trunk sewer, pumping
station and other works for the treatment and disposal of its sewage
or for its disposal by discharge at some point in Salem Harbor as it
might deem necessary.

Subsequently an act was passed by the Legislature chapter 312
of the Acts of 1904, entitled “An Act to provide for an outlet for the
sewage of the town of Peabody”—which provided that when the
trunk sewer and appurtenances had been so far completed as to be
put in practical operation the town of Peabody should have the right
to connect its system of sewerage with the main trunk sewer at or
near the boundary line of the town, the sewage to be disposed of
through the main trunk sewer, pumping station and harbor outfall
in the same manner as the sewage of the city of Salem.

Various modified plans for the trunk sewer and outfall were con-
sidered by the city of Salem, and finally a main sewerage works was
constructed by that city and completed and first operated in the latter
part of the year 1906.

Sewerage System of Salem and Peabody

As shown on the accompanying plan and profile of main trunk
sewer and outlet (Plan No. 2), the system consists of a main trunk
sewer, so called, which extends from the Peabody boundary through
the valley of the North River to the neighborhood of North Street
and thence across the northerly part of the city to the neighborhood
of Cat Cove, a pumping station on the shore of Cat Cove near Juniper
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Cove, and an outfall sewer of cast-iron pipe through which the sewage
is pumped to an outlet near Great Haste Island off Salem Harbor.

The main sewer of this system from the Peabody boundary to th
pumping station was constructed of about the same capacity as pro-
posed in the plans of the State Board of Health in 1897, though at a
slightly lower level, but a change was made in the location of the
pumping station and a more important change in the size of the out
fall sewer or force main, the diameter of which was reduced from 48
inches to 30 inches with a view to economy in construction, the plan
being to lay a second main at a later time when experience might
show with more certainty the quantity of sewage requiring disposal.

The total length of the main trunk sewer from the Peabody bound-
ary at Harmony Grove Road to the pumping station is about 15,000

feet. The diameter of the sewer at its upper end is 52 inches, and
the elevation of the invert is 7.61 above mean low tide. From the
point of beginning the sewer follows Harmony Grove Road to the
North River at a grade of 1 in 1,500; thence crossing North River
by means of two lines of pipe 36 inches in diameter, laid beneath the
bottom of the river, the sewer follows Grove Street to Goodhu
Street, making a total length of 3,000 feet of sewer 52 inches in
diameter. At this point its size is increased to 57 inches and th
grade is changed to lin 2,000. From Goodhue Street the sewer is 57
inches in diameter and is laid in Bridge Street at a grade of 1 in 2,000
to North Street, the total length of this section being about 4,000
feet. At North Street large local sewers are intercepted and the
diameter is increased to 60 inches, or a section equivalent in area.
From North Street the sewer continues in Bridge Street to the junc-
tion of Pleasant and Webb streets; thence, extending through Webb
Street, it crosses private land along the shore of Collins Cove to
Derby Street, where it is joined by the Derby Street sewer, which
drains the central and southerly portions of the city of Salem. This
60-inch section is about 6,000 feet long and has a slope of 1 in 2,000.
From Derby Street to the pumping station, a distance of about 2,000
feet, the sewer is 72 inches in diameter and laid at a grade of 1 in 2,500.

From the pumping station the sewage is forced to an outlet at
Great Haste Island through a cast-iron pipe 30 inches in diameter and
about 9,850 feet in length, which extends through Cat Cove to Juniper
Cove and thence across the harbor, passing near Aqua Vitas Beacon
to the westerly end of the Middle Ground, from which point it turns
toward the northeast and discharges at a point just south of Great
Haste Island through an upturned outlet which appears to be about
9 feet below the level of mean low tide.
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Structural Conditions affecting the Operation of the Main
Trunk Sewer.

By an agreement between the cities of Salem and Peabody Ven-
turi meters were installed, one at the Salem-Peabody boundary
through which the Peabody sewage passes on entering the trunk
sewer to register the flow of sewage from Peabody, and the other on
the force main outside the pumping station to record all of the sewage
pumped to the outlet near Great Haste Island; and on the basis of
these meter records each city pays its proportionate part of the cost
of pumping and other maintenance. The meter at the Peabody
boundary has a 12-inch throat and is capable of passing more sewage
than is now delivered to it from the city of Peabody, but even with a
flow at the rate of 8,500,000 gallons per day, which is an average
maximum daily rate, the loss of head at this meter has been found
to be about 1 foot. Not all of the sewage is passed through the
meter at all times, however, there being a by-pass through a 24-inch
pipe discharging directly through an unmetered connection into the
trunk sewer. This by-pass is controlled by stop planks and comes
into use when the sewage rises above a certain height either on account
of the backing up of the sewage in the main trunk sewer below or
during an extremely high flow from the Peabody sewers above. Fur-
thermore, there is a waste gate from the Peabody sewer on Howley
Street through which, when the sewage threatens to rise to the level of
the street, the surface of which is at elevation 14.5, it can be dis-
charged through an outlet directly into the North River.

An examination of the siphon under North River through which the
sewage is conveyed through twm 36-inch iron pipes show's that the loss
of head at this siphon is slight at the present time, many observations
during the past year having shown an average loss of less than 2
inches during the period of maximum daily flow. At North Street
there is an outlet from the tributary sewer on the north side of North
River controlled by a gate which is operated by hand. The bottom
of this opening is low enough to drain the upper two-thirds of the
depth of sewage in the trunk sewer where it crosses North Street,
and by opening this gate sewage can be discharged from the trunk
sewer directly through a by-pass into the North River. Farther
dowm where the Derby Street sew'er comes in there is a waste gate
through which sewage can be discharged into Salem Harbor at a
point near the middle of the north side of the Pennsylvania and
Reading coal wharf. This by-pass is controlled by a sluice gate
about 4 feet in diameter with the bottom of the opening low enough
to drain practically the entire depth of the trunk sewer near by.
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At the pumping station the sewage passes through screens designed
for the removal of coarse material and thence flows to the pumpswhich draw directly from the sewer wil l l no local storage other than
that obtained by using the sewer itself for that purpose. The pump-
ing plant consists of four 14-inch Worthington horizontal centrifugal
pumps directly connected to three-speed alternating current induction
motors. The plant was expected to be sufficiently flexible to take
care of the sewage as rapidly as it came to the pumps without any
storage in the sewer. When the works were installed, it was estimated
that the quantity of sewage would not exceed 6,000,000 gallons per
day for several years, but it was planned to store enough sewage in
the trunk sewer above the pumps so that by operating them rapidly
for a period of one to two hours each day the outfall sewer could be
thoroughly flushed and kept free from deposits. It was hoped to
create a velocity in the force main of 6 feet per second for one or
two hours each day, which would mean a maximum rate of about
19.000. gallons per day, whereas with the equipment as actually
installed apparently it has never been possible to exceed a rate of
16.000. gallons in actual operation. After a few years of operation
it was found that the quantity of sewage delivered to the pumping
station was larger than had been expected and it was found impossible
to keep the force main as clean as had been anticipated. A change
in the pumping plant became necessary and new impellers were installed
in two of the units in 1916, designed for pumping against a higher
head. It was possible to make this change by simply installing new
impellers, because the electric motors were rated at 125 horse power
at high speed, whereas the pumps with the original impellers never
called for more than about 60 horse power.

The quantity of sewage continued to increase, however, and the
friction in the force main continued to grow greater, and in 1920
further changes were made in the impellers of all four of the pumps.
When these changes were made the head for the same quantity dis-
charged had increased to about 2.6 times the original head when the
outfall sewer was first put into operation. At the present time at
high tide one pump cannot force over 11,500,000 gallons per day
through the outfall sewer, two pumps not over 14,000,000 gallons
per day, and practically no further increase can be effected by the
use of other units. The two remaining pumps are thus useful only
as alternate units or in case of a breakdown.

This last change of impellers resulted in overloading the motors,
and they have been operated since then in this condition. The load
on the motors is kept as low as practicable by always operating the
two units together. Even so, each motor is called upon to deliver
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about 150 horse power, and hence they are overloaded every day for
long periods.

When these last changes were made in 1920, the opening at the
arily reduced to its present width
which was originally constructed
been so greatly altered from its

periphery of the impellers was nece
of about If inches, and the plant
for low-head sewage pumping, ha;
original purpose that it is not now properly suited to the work which
it is required to do.

Coarse screens were provided for the original low-head impellers,
which with their wider openings were able to force all but the largest
particles out to sea. These screens have not been changed to meet
the new conditions largely because of the expense and of the objections
to removing sludge in greater quantities. Nevertheless, screening is
not carried far enough to-day to meet the conditions required by the
pump openings

Quantity of Sewage requiring Disposal

Sewers were first built in the city of Salem long before the con-
struction of the main trunk sewer and disposal works, and as usual
in the older systems of sewerage the sewers were built upon the com-
bined plan designed for the removal of both sewage and storm water
to an outlet into the nearest convenient water course. When the
trunk sewer system was constructed, it was impossible to build it
large enough to take the entire flow of sewage and storm water from
these combined sewers, and in consequence devices were installed for
diverting the dry weather flow' of sewage into the trunk sewrer, allow-
ing the excess of flow' at times of storm to overflow at former outlets.
In later years sewrers were constructed upon the separate plan designed
to receive sewage only, together with objectionable manufacturing
wastes, but considerable areas which receive storm water are still
connected with the main trunk system. Of the total area of 2.10
square miles which is provided with sewers in the city of Salem,
about 1.50 square miles, or 72 per cent, have been provided with
sewers on the separate plan. In an area of about 0.40 of a square
mile the sewers are built upon the combined plan and are provided
wit h overflows which operate in wet weather after the flow in the
tributary sew'ers reaches a certain height, while in an area of about
0.20 of a square mile there are combined sewers from W'hich all the
sew'age and storm water discharge directly into the trunk sewT er at
all times without overflow. This last class of sewers comprises twelve
small isolated areas aggregating about 0.07 of a square mile and one
large area of approximately 0.13 of a square mile in the easterly end
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of the city lying for the most part between Webb and Derby streets
and including much of the area around Salem Common.

In Peabody the sewers are built upon the separate plan and are
designed to receive sewage only and to exclude storm water and
ground drainage so far as practicable, but a survey indicates that a
large quantity of storm water finds its way into the Peabody sewers
from certain of the factories, chiefly through connections for the dis-
posal of manufacturing waste. These connections admit large quan-
tities of storm water to the sewers at times of heavy rain which tend
to overcharge the sewers and interfere with their proper operation.
The admission of storm water into the sewers in Peabody is wholly
unnecessary and should be discontinued. Separation should be ef-
fected in such a way as to prevent not only the flooding of the sewers
with storm water but also the pollution of the water courses by sewage
or wastes.

This investigation was begun early in July, 1922, but the conditions
at the Venturi meter in the main trunk sewer at the Peabody line
at that time were such that it was not practicable to obtain accurate
continuous measurements of the flow of sewage and thus determine
the quantity requiring disposal, since during periods of heavy rainfall
the recording apparatus for measuring the amount of sewage passing
through the Peabody meter was not fitted to register the higher
flows. This condition was later remedied, but not until the sewer
lower down had become so clogged that the sewage backed up prac-
tically every working day to such an elevation at the Peabody line
that sewage flowed over the by-pass and around the meter until some
time in November. As a result of these circumstances, comparatively
few continuously correct measurements of the Peabody sewage have
been made. From such results as have been obtained at various
times, it has been found that the dry weather rates of flow of sewage
during the hours from 9 A.M.to about 4 p.m. have varied from 8,000,000
to 9,500,000 gallons per day, and the minimum flow during the early
morning hours has amounted to a little less than 4,000,000 gallons
per day. The average for the whole day as determined from these
measurements ranges from 5,500,000 to 6,500,000 gallons per day.
The highest rate with the best business conditions obtaining in 1922,
which were from 50 to 60 per cent of the normal, was about 9,500,000
gallons per day.

At times of storm, as already indicated, large quantities of storm
water find their way into the Peabody sewers. Actual measurements
are available showing that a flow of storm water at a rate at least
as great as 8,000,000 gallons per day has occurred during this investi-
gation.
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An examination of all the available measurements indicates that
the flow of storm water into the Peabody sewers from certain con-
nections alone amounts to a rate of 2,100,000 gallons per day reaching
the sewers during a rainfall at a rate of 0.10 of an inch per hour, and
about 5,240,000 gallons per day reaching the sewers during a rainfall
of 0.25 of an inch per hour, and that a large part of this storm water,
probably as much as one-half, enters at one connection.

While all of the sewage pumped at the Salem pumping station
passes through a Venturi meter, it has, nevertheless, been impracti-
cable during this investigation to secure records which would show
accurately the quantity of sewage requiring disposal from Salem and
Peabody together through the different hours of the day and thus
obtain information as to the capacity of works required for the dis-
posal of all of the sewage at times of maximum flow. There are
several reasons for this difficulty. In the first place, the pumping
plant and force main cannot handle ordinary daily peak flows, and
it has been the practice to allow the sewage to rise in the main trunk
sewer, using the sewer as a storage basin to equalize the flow and
make practicable a lower maximum rate of pumping. Furthermore,
there have been openings or leaks in the system where in the lower
stages of the tide sewage flows out into adjacent waters, while in the
higher stages salt water flows into the sewer in large quantities, making
the flow' in the sewer vary to a considerable extent with the tidal
changes. Some of these openings have been eliminated in the course
of this investigation and others have not, but, nevertheless, the
available information indicates that the inflow and outflow from this
cause have about balanced. Such measurements as have been secured
indicate that the average daily cpiantity of sew'age coming from Salem
in dry weather amounts to about 7,000,000 gallons per day at the
present time, and, since in the course of this investigation'manufac-
turing plants have not been operating to their ordinary capacity, it is
probably safe to estimate that the average daily flow' of sew'age from
Salem may amount, at times when the factories are running nearly to
capacity, to as much as 7,500,000 gallons. Allowing for variations in
the flow and for the quantity of storm W'ater w'hich may reach the
sewers in Salem, it appears, after measuring all the overflows and
after examination of the various areas, that a rainfall at the rate of
0.1 of an inch an hour may increase the flow into the trunk sewer
from the Salem sewers by a rate of about 10,000,000 gallons per day.
A higher rate of rainfall would of course increase this quantity; and
in heavy rains with 0.25 of an inch of rain an hour, the flow' might be
increased by over 22,000,000 gallons per day.

Bringing together these measurements and estimates, it appears
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that the average daily dry weather flow of sewage in the main sewer
from Peabody and Salem together probably ranges from 12,500,000
to 13,500,000 gallons per day, with a maximum rate of flow of some-
what over 20,000,000 gallons per day. To this must be added an
allowance for the storm water which reaches the sewers from Salem
in times of rain, which, falling during the working hours of the day,
would increase the maximum rate of flow to somewhat over 30,000,000
gallons per day with a rainfall of 0.1 of an inch an hour and to nearly
43,000,000 gallons per day with a rainfall of 0.25 of an inch. This
estimate is based on the conditions which existed in the latter part
of the year 1922 when business was perhaps 50 to 60 per cent normal.
With normal business and manufacturing these figures would be in-
creased to about 34,000,000 and 47,000,000 gallons per day, respec-
tively. It has been assumed in making these estimates that the
admission of storm water from certain connections in Peabody through
which it now finds its way into the sewers will be cut off, since these
connections are unnecessary at the present time and can be eliminated
in most cases at little cost.

The results of the foregoing measurements and estimates are shown
graphically in Diagram No. 1.

The above measurements and estimates indicate the approximate
quantities of sewage which the pumps and force main should be able
to deliver at the outlet into the sea in order to prevent backing up
of the sewage in the main sewer and the frequent discharge of sewage
into North River or other local waters. Under present conditions
these outfall works are capable of discharging at the main sewer outlet
but little more sewage than the average daily flow', and, in order that
all of the daily dry weather flow of sewage may be conveyed to the
outlet without W'asting any sewage into the North River or other
■waters about the city, it is essential to utilize the main sewer as a

storage basin, thus greatly reducing the velocity of flow' in the sew'er
and facilitating the deposit of solid matters upon its bottom and sides.

Quantity of Sew'age requiring Disposal in the Future.
Since it is obvious that the capacity of a part at least of the present

sewerage system has been reached or exceeded, it is desirable to con-
sider and to estimate as well as practicable the quantity of sewage
which must be cared for in the future. The main facts to be con-
sidered are the quantity of water used for domestic purposes from
the public W'ater system and the quantity of sewage likely to result
therefrom, the quantity of water used for manufacturing purposes,
both from the public W'ater supply system and from private sources
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which furnish large quantities of water in the district served by the
trunk sewer, and the quantity of leakage into the sewers.

In the period since the trunk sewer was first considered in 1895,
the population of Salem has increased from 34,473 to 42,529. The
population of Peabody in the same period has increased from 10,507
to 19,552. The population of the two cities in census years from
1895 to 1920, together with an estimate of the population in future
census years up to 1955, is shown in the following table:

Population. 1

Year. Peabody. ! Salem. Total.

1895 10.507 34,473 44,980
1900 11,523 35.956 47,479
1905 13,098 37,627 50,725
1910 15,721 43,697 59,418
1915 18,625 37,200 55,825
1920 19,552 42,529 62,081

1925 21,620 45,780 67,400
1930 24,200 49,020 73,220
1935 26,610 52,270 78,880
1940 29,000 55,520 84,520
1945 31,310 58,760 90,070
1950 33,600 62,010 95,610
1955 35,880 65,260 101,140

1 Figures up to 1920, inclusive, taken from census records; figures 1925 to 1955 estimated.

The use of water from the public water supply systems in Salem
and Peabody has increased rapidly since 1906, the year in which the
trunk sewer system for Salem and Peabody was completed and placed
in operation. These amounts are shown in the following table:

Gallons per Day.
Year.

Salem. | Peabody. Total.

1906 .
.. 3,005,000 1,895,000 4,900,000

1907 3,315,000 2,312,000 5,627,000
1908 3,297,000 2,333,000 5,630,000
1909 3,619,000 2,371,000 6,990,000
1910 3,935,000 2,645,000 6,580,000

1911 .... ....
3,298,000 2,473,000 5,771,000

1912 3,769,000 2,697,000 6,466,000
1913 3,889,000 2,587,000 6,476,000
1914 4,164,000 2,722,000 6,886,000
1915 3,699,000 2,629,000 6,328,000

1916 .... ... 4,495,000 2,622,000 7,117,000
1917 ...

.
....

4,758,000 3,304,000 8,062,000
1918 .... ...

4,995,000 3,533,000 8,528,000
1919 ....

5,305,000 3,722,000 9,027,000
1920 5,700,000 3,967,000 9,667,000

1921
....

5,664,000 3,276,000 8,940,000
1922 5,220,000 1 3,636,000 ' 8,856,000 >

1 Estimated.
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The foregoing table indicates that the increase in the use of water
from the public water supplies in these cities has amounted to about
80 per cent in the past sixteen years. It is probable that a some-
what smaller quantity of water would be needed for the requirements
of Salem at the present time if meters were in general use. In Pea-
body, however, where more than SO per cent of the services have
been metered since 1916, it is not probable that any material reduc-
tion in the use of water can be made by metering the remaining services.

The use of water will doubtless continue to increase in the future,
more rapidly probably in Peabody than in Salem, and may reach in
each city about 9,750,000 gallons per day by 1955, or about 19,500,000
gallons per day in the aggregate in the two cities. The total quantity
of water used from the public works includes the water used for both
domestic and manufacturing purposes. A portion of the domestic
supply probably does not reach the sewers, and, as in all water sup-
ply systems, a considerable quantity is unaccounted for. The quan-
tity of water used from the public works for manufacturing purposes
has amounted in Peabody in recent years to more than one-half of
all the water pumped, and there is also a large additional supply from
private sources which is used for manufacturing, and this quantity
probably nearly equals the amount of water drawn for that purpose
from the public water works. To these estimates has been added
a considerable allowance for leakage into the sewers, the amount of
which is evidently considerable. Judging from present indications
and allowing for a growth based upon the past, it seems probable that
in thirty years hence, that is, in 1953, the average dry weather flow
of sewage may amount to some 23,000,000 gallons per day or more,
while the maximum dry weather flow is likely to reach 40,000,000
gallons per day. (See Diagram No. 2.)

Under present conditions, with 0.25 of an inch of rainfall reaching
the sewers, the maximum flow would be about 47,000,000 gallons
per day, which is nearly equal to the capacity of the main trunk
sewer system at the pumping station if kept fairly clean.

The results of these estimates show that the capacity of the trunk
sewer, if kept reasonably clean, will continue to be adequate probably
for the next thirty years if the storm water from districts served by
combined systems of sewers in Salem is eliminated within that time.
Unless the excess of storm water from these combined districts and
unnecessary storm water connections at other points is eliminated,
the sewer, even if kept reasonably clean, will become surcharged in
practically every rainstorm, and sewage will overflow often for several
hours at a time into local waters, causing their serious pollution.
(See Diagram No. 3.)
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The chief characteristic of the sewage of Peabody is the enormous
proportion of trade waste which it contains. The sewers receive, in
addition to the domestic sewage from about 20,000 people, the manu-
facturing waste from upwards of 50 tanneries, including allied indus-
tries, especially two very large glue works. The total quantity of
waste from all of these works a; measured during the past year
amounted to an average of 3,673,000 gallons per day out of a total
flow of sewage, including leakage, of 5,500,000 to 6,500,000 gallons
per day. The manufacturing establishments during the latter half
of the year 1922 were operating at about 55 per cent of their reported
capacity.

In the sewage of the city of Salem the proportion of manufacturing
waste is very much smaller than in Peabody. There are about 30
tanneries and allied industries tributary to the sewers in Salem, but
the total quantity of waste discharged from them into the sewers as
measured in 1922 amounted to only 242,000 gallons per day as against
3,673,000 gallons in Peabody; that i:
waste to the sewers is about 6 pe:

Salem’s contribution of tannery
cent of the total. The Salem

tanneries were operating during the latter part of the past year at
about 44 per cent of capacity. Besides domestic sewage and tannery
waste, together with ground water leakage, a considerable quantity of
salt water leaks into the sewers in districts along the shores of the
harbor and North River.

In consequence of the large quantity of tannery wastes discharged
into the sewers, the sewage contains considerable matter in suspension
which has been the source of much trouble in the operation of the
main trunk sewerage system. In order to determine the character of
the sewage, composite samples were collected during periods of twenty-
four hours on five different days from the Peabody main sewer near

its point of discharge into the main trunk sewer, and from the main
trunk sewer at the pumping station, at various times in the months
from July to November, 1922. Four samples were collected during
each day, each made up of six parts collected at hourly intervals, and
the results are shown in tables appended hereto, together with an
average of the suspended solids in the Peabody sewage and of the
total and suspended albuminoid ammonia calculated in proportion to
the quantity of sewage flowing at the time the samples were collected,
both at the Peabody boundary and at the pumping station. The
results show the presence of suspended solids amounting to about 50
parts in 100,000 in the Peabody sewage, a quantity considerably

Character of the Sewage and Condition of the Main Trunk
Sewer.
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greater than that usually found in the sewage at any of the sewage
disposal works in the State. The residue tests at Salem pumping
station are unreliable on account of the quantity of salt water enter-
ing the system. The organic matter at both points, as shown by the
albuminoid ammonia, is higher than in the other sewages examined in
this State, and the same is true of the suspended albuminoid ammonia,
which amounted to over 1 part in 100,000.

Examinations have been made of the main trunk sewer throughout
most of its length so far as practicable during the past summer and
fall, and information has been supplied freely concerning its condition
by those having charge of the operation of the system. The results
of these observations show that among the chief difficulties in the
operation of the main trunk sewer is the excessive deposit of organic
and mineral matter upon its bottom and sides. An illustration of the
condition of the inside of the main trunk sewer at one point not far
from its upper end in November of 1922 is shown in the accompanying
photograph.

The sewer at this point is 52 inches in diameter, and at the time
the photograph was taken the sewage was 2.5 feet deep. This sec-
tion had been cleaned, it is said, about two and one-half months
previously. At this point only a very small quantity of heavy ma-
terial was present on the bottom of the sewer, but much material
was clinging to the sides, which were coated with a collection of hair,
fats and other organic matter to a thickness of from 6 inches to a foot
and covered with a hard scale deposited in layers which was found
on analysis to be composed largely of lime.

Farther down the main sewer and in the section from Derby Street
to the pumping station such information as U available indicates that
there is somewhat less material on the sides of the sewer. Judging
from the information furnished by those who maintain the sewer
and from observations from time to time by this Department, the
deposits on the bottom while very small at the upper end increase
farther down, and apparently considerable quantities of sand, mingled
with other substances, are deposited on the bottom of the main sewer
for a long distance above Derby Street and smaller quantities below
that point. These deposits sometimes attain a depth of a foot or
more in some parts of the system. Little or no sand is brought in by
the Peabody sewers, and these deposits do not appear until the flow
of the combined sewers of Salem begins to enter the main trunk
sewer, when such deposits attain a considerable depth. The deposits
on the bottom and the coating on the sides of the main sewer have
formed quite rapidly after removal during the past year, and in spite
of the efforts of the cleaning force have formed a most serious obstruc-



Accumulation in main trunk sewer in about two and one-half months, 52-inch sewer, 30-inch
depth of sewage, Sunday, Nov. 5, 1922, 8 a.m. Harmony Grove Road 30 feet up stream
from first manhole above Grove Street, Salem.
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table:

avera

Dry weight

tion to the flow of the sewage. Furthermore, the cleaning has not
been done regularly. Unless the sewer is cleaned thoroughly and at
sufficiently frequent intervals, the deposits on the bottom and the
coating on the sides soon obstruct seriously the flow in the sewer,
and the sewage backs up even in dry weather to a sufficient height to
make impracticable the removal of the sewage from Peabody at a
proper level. Careful measurements made in the Harmony Grove
Road section show that in two weeks after cleaning, about Nov. 20,
1922, the accumulations had caused a decrease in carrying capacity
of about 35 per cent.

Sources of Materials which cause Obstructions in the Main
Trunk System

It became evident early in the investigation that the quantity of
lime in the sewage was a serious factor in connection with grease,
hair and other matters in obstructing the flow in the trunk sewer, and,
in order to learn the chief sources of these matters and determine the
practicability of eliminating them, an examination was made of the
treatment works at the various tanneries, the quantity of waste from
each was determined, and samples of the wastes and of the effluents
from settling tanks and other sludge removal devices were collected
for analysis. Information relative to the processes of operation and
the amount of stock handled at the time of the examination has been
furnished by managers of the various factories, and the character of
the disposal works and method of operation have been carefully
observed. A summary of this information is given in the following

Peabody. Salem. TotalItem

8631
4

Number of industrial works examined
icludedNumber of industrial works other than tannerie

above.
1410

',140 2,077 9,217Dozens of skins handled, day of test
Capacity, dozens of skins per day
Per cent of capacity during tests .

Quantity of waste, day of test, gallons per day
Total quantity of waste when running to capai

13,095 4,772 17,867
55 44

3,673,500 241,940 3,915,440
illons 6,486,130 782,730 7,268,860

per day.
Capacity of sedimentation tanks when clean,

gallons.
Hours of detention during period of tests, cle

‘gate 871,000 44 91.

3.21in tanks,

17Hours of detention if works were running to capacity, a
Average per cent removal of suspended solids
Pounds of suspended solids 1 in raw waste, day of test
Pounds of suspended solids 1 removed day of test
Pounds of suspended solids 1 in effluent, day of test

;rage
33

'52 22002
1,624 47,601
2.190 20.707

45,
18,517

2 Does not include raw wastes at certain smaller tanneries where representative samples could not bo
collected.
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The foregoing table shows that at the time the various works were
examined in the aggregate an average of 70 per cent of the suspended
solids was being removed from the wastes of those establishments at
which observations were made, which included all but a few of the
smaller works. Excepting in the case of some of the larger works
the measurements of the quantity of waste covered a period of one
day’s operation of the works, and the figures showing the quantities
of suspended matter are based upon composite samples collected
during that period. Very likely a greater number of observations
would give somewhat different results, but the operations of the sludge
removal devices at these establishments have been observed from
time to time for several years, and, judging from the X'esults of the
observations and the character of the works, it is probable that the
results here given are fairly representative.

An examination of the wastes from the 54 tanneries and industrial
works in Peabody and Salem was made in 1913 and 1914, and a
comparison of the recent tests with those made at that time indicates
that, while the volume of the waste has increased, the amount of
suspended matter entering the sewers has decreased.

The total quantity of wastes entering the sewers from the 54 works
examined in Peabody and Salem in 1913 and 1914 was 3,220,000
gallons per day as compared with 3,915,000 gallons per day from 64
works examined in 1922. On the other hand, the total quantity of
suspended solids, dry weight, discharged into the sewers from 34
industrial works in Peabody and Salem from which information was
obtained in 1913 and 1914 was about 60 per cent greater than that
in the effluent from 54 works from which information was obtained
in 1922. A comparison of the effluent from 24 industrial works ex-
amined in 1913 and 1914 with the same works examined in 1922
shows that the quantity of suspended solids, dry weight, discharged
into the sewers in 1913 and 1914 was over 50 per cent greater than
in the effluent from the same works in 1922. These results indicate
a great improvement since 1914 in the operation of settling tanks and
other devices for removing suspended matter from industrial wastes
before their discharge into the sewers.

At the present time at many of the works, including most but not
all of the larger establishments, the devices for the removal of suspended
matters are well cared for, and the results in most cases are as satis-
factory as it is practicable to obtain with the devices now in use.
While the general result of the operation of these works shows great
improvement as compared with former conditions, nevertheless some
of the devices for sludge removal, though capable of High efficiency,
are more or less out of repair and do not operate as satisfactorily as
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they might, while still others are inefficient, chiefly from lack of care,
and fail to remove very much of the solid matter from the sewage.

The poor operation of some of these devices is due to various
causes, one of the most important being defective design resulting in
a poor circulation in the settling tanks; another cause is the inefficient
arrangements of baffles for settling the wastes; while in still other
cases, though the tanks are suited to the purpose, efficient sedimenta-
tion is prevented by the method of discharging the waste into the
tanks, which stirs up considerable sediment which escapes at the
overflow. Another serious cause of inefficient operation is that tanks
originally satisfactory have become inadequate because of an increase
in business or a change in the stock or processes used, while still
others are neglected and have become so filled with sludge that they
have ceased to act satisfactorily as settling tanks. A number of the
tanks are situated at very low levels and pumping is necessary in
order to deliver the sewage into the tanks and thence to the sewers.
In other cases an attempt is made to operate tanks at low levels by
gravity, with the result that their operation has been seriously inter-
fered with by the backing up of sewage in the adjacent sewer.

In order to learn the sources of the substances which obstruct the
flow in the main sewer, chemical analyses were made of the wastes
from the various factories in connection with the examinations as to
the efficiency of the operation of sludge removal devices. These
analyses have shown that considerable quantities, of lime are present
in the sewage of the main trunk sewer throughout its length and that
this lime is the cause of a considerable part of the accumulation
which forms in the sewer. An apparently similar difficulty in the
operation of sewers to that found in the main trunk system had been
experienced in the operation of the sewers of the metropolitan sewer-
age district draining a region containing numerous tanneries in Win-

case, however, the sewers affected
and it was found that by frequent

Chester and Woburn. In that
were of comparatively small size
cleaning with suitable devices s
the sewage could be prevented,
from the various works in Salem

rious interference with the flow of
The examination of the effluents

and Peabody shows that the lime is
derived almost wholly from 14 establishments, 3 of which are located
in Salem and 11 in Peabody. The Peabody establishments furnished
in the latter part of 1922 about 98.6 per cent of the whole amount
found in the wastes, and 5 of the 11 works in Peabody contributed
89 per cent of the total, while 1 works alone furnished 64 per cent
of all the lime found in the manufacturing wastes. Concerning these
deposits the chemist reports;
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... It was found early in the investigation that much caustic lime in solu-
tion was passing into the sewers from certain plants and that most of this
caustic lime when mixing with the sewage in the sewers containing carbonic
acid was precipitated as calcium carbonate, and that a carbonate scale in
the sewers was one of the factors in reducing their capacity. .

.
.

. . . The first samples collected by the city engineer of Peabody late in
1921 from one of the smaller Peabody sewers consisted of a lime scale about 1
inch thick. This scale was shown to contain, when analyzed, 5.7 per cent
MgC03 , 84 per cent CaCOs, 1.4 per cent CaSO,*, and 8.9 per cent organic
matter. Only a trace of fats was present. Other samples of the matter hanging
from the upper portions or attached to the sides of the sewer, collected during
the present investigation, were found to be composed of hair, hide, etc., covered
with a mineral deposit. Analysis and examination of these samples gave the
following results;

CaC03
Fats

62.0
1.4

Long hairs 5.2
Short pieces of hair, hide, et 12

The remaining 18.9 per cent was largely organic matter and magnesium
carbonate. The brown coloration of these latter samples was undoubtedly due
to tanningmaterials.

A third sample from the sewer showed less calcium carbonate and much more
fat than those previously examined, the analysis being as follows:

CaC08
Fats

38.1
10.9

Long hair
Short hair, hide, etc. . . . .

.

. . . . .29.7
Soluble in hydrochloric acid (magnesium carbonate and organic matter) . 21.3

Determinations were also made by the chemist of the fats dis-
charged in the wastes from various tanneries in Salem and Peabody,
the results showing that the quantity varies greatly in the different
works. In 6 of the plants examined, the quantities of fats ranged
from 100 to more than 2,000 parts in 100,000, the latter, however,
coming from a works discharging very little waste, while in 6 others
the quantity amounted to from 6 to 100 parts in 100,000. The
chemist reports that the analyses of these wastes show that the fats
were practically all free, floating fats on the surface of the waste and
were not emulsified or present as soap, and, in consequence, could be
removed from the wastes in suitable tanks by frequent skimming.
While analyses of the sewage do not indicate that the amount of fats
entering the main trunk sewer is excessive, nevertheless a considerable
quantity of fats collects on the surface of the sewage in the main

Per Cent

Per Cent.
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sewer above the siphon beneath the North River, and considering the
large quantity of fats found in the effluents from some of the works, it
is desirable that an effort be made to reduce further the amount of
fats discharged in the effluents of some of the establishments.

An examination has also been made of the tannery wastes to deter-
mine the sources of the hair which is found in large quantities in the
material removed from the main trunk sewer. The results indicate
that while hair may enter the sewers from many sources it comes
chiefly from five establishments, and means should be devised to re-

duce the amount of this substance in those wastes.
As a result of the operation of the treatment works at the various

tanneries and other works, large quantities of sludge are produced
which are at present disposed of by dumping in more or less favorable
locations in various parts of the district. In some cases the sludge
deposits are located close to the North River or to one or another of
its tributaries or in the neighborhood of other water courses, and con-
siderable quantities of objectionable matter leach from such deposits
or are washed directly into the streams in times of rain. The sludge
deposits are often unsightly or objectionable from other causes and
in some cases offensive, and there appears to be danger that sludge
deposits may become a local sanitary problem of serious importance,
especially should the quantity of sludge requiring disposal become,
materially greater than at the present time.

Information has been obtained from some of the larger tanneries
and similar works as to the cost of removal of sludge from the wastes
and of its final disposal. The quantity of waste discharged from the
industries under consideration amounted in 1922 to 2,756,000 gallons
per day; and the total quantity of sludge removed amounted to ap-
proximately 5,000 cubic feet per day, having a moisture content vary-
ing from 78 to 95 per cent. The cost of the treatment of the wastes
and of the removal and disposal of the sludge, excluding sewer charges,
amounted to an average of about $4O per 1,000,000 gallons of waste
treated. At the same rate, the total cost to all the manufacturing
establishments producing foul wastes in Salem and Peabody would
have been from $40,000 to $50,000 for the year 1922. As indicating
the general character of this sludge, the following table is presented
showing the per cent of water and of dry solids contained in samples
of sludge from tanneries and other works;
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Moisture in Sludge removed from Settling Tanks at Certain Tanneries and Allied
Industries in Peabody and Salem.

Per Cent.

Water. Solids.

1. Sludge pumped from tanks
2. Scum on tanks .

95.0 5.0
88.1 11.9

17.03. Scum on tanks 83.0

4. Sludge drawn from elevated concentration ta
5. Sludge drawn from elevated concentration ta
6. Sludge shoveled from concentration tank
7. Sludge shoveled from concentration tank

k
,k

94.8
68.5 31.5
88.3
86.1

11.7
13.98. Sludge shoveled from concentration tank 22.19

Sludge from side of sludge bed, calfskin tannery 72.4
89.810. Sludge from middle of sludge bed, calfskin tannery

11. Sludge from sludge bed, calfskin tannery
12. Sludge after being on bed 10 days, calfskin tannery
13. Sludge after being on bed 60 days 1

10
3 20.7

19.081.0

14. Sludge after being on bed 95 days >at one calfskin tanri15. Sludge after being on bed 140 days J16. Sludge after being on bed 19 days, sheepskin tannery
17. Sludge after being on bed 3 days, sheepskin tannery
18. Sludge after being on bed 8 days, sheepskin tannery

29.4
41.8 58

8 23.2
78.0
79.3

22.0

The Condition of the North River and its Tributaries.
In connection with the studies of the efficiency of the various de-

vices for removing suspended matter from the tannery wastes, an
investigation was made to determine the sources of pollution of the
North River and its tributaries from a point well above the thickly
settled district in Peabody down to North Street bridge.

The most important and objectionable sources of pollution are no

doubt the sewage from the Peabody sewerage system, when the sewage
backs up in the trunk sewer above the overflowing point, and the
sewage which overflows or is wasted from the Salem sewers especially
in the neighborhood of the North Street bridge. The tannery wastes
were found to be escaping constantly from three tanneries in Peabody
and one in Salem which are not connected with the sewers. An over-
flow from one of the principal factories occurs at times on account of
inadequate capacity in the local sewer to receive wastes from this

at which they are discharged. The
on the whole, that while there are

works at as rapid a rate as that
results of the investigation show
over 140 points at which sewage,
has discharged in the past into
there remain at the present time

waste or drainage may discharge or
the North River or its tributaries,
probably about 30 active sources of

pollution in Peabody and 9 in Salem. While many of these sources
of pollution were having little or no effect on the condition of the
river during the period of these investigations, there were several,
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including, especially, 6 in Peabody and 2 in Salem, which were causing
considerable pollution of the river or its tributaries. If these various
sources of pollution were removed, the condition of the river would
be improved and it would be practicable to investigate more readily
other minor sources which are causing considerable pollution of the
stream and its tributaries. Among these sources are tannery wastes
escaping through floors and in other ways which could be prevented
with changes in present structures. Considerable pollution is also
due to drainage and seepage from sludge deposits which will be likely
to increase and which it will be difficult if not impracticable to prevent.

In connection with the investigation of the sources of pollution of
the North River and its tributaries, composite samples were collected
of the water of Goldthwait Brook above Proctor Brook, Proctor
Brook above its confluence with Goldthwait Brook, Strongwater
Brook at its mouth, and of the North River at two points, one above
Howley Street near the Salem and Peabody boundary line and another
at the North Street bridge in Salem. The results of these analyses
are appended hereto together, in most cases, with the results of the
analyses of available samples collected at the same points in 1912.
The results of these analyses show clearly a marked improvement in
the condition of the North River and all of its tributaries as compared
with the conditions found in 1912. Nevertheless, the stream is very
badly polluted and its condition most objectionable at the present
time. The condition of the North River has been much better since
these investigations were begun than has been the case in the im-
mediately previous years, due to special efforts on the part of local
authorities in co-operation with this Department to prevent the
escape of sewage or wastes unnecessarily into the North River or its
tributaries.

This experience indicates that it will be practicable with proper
care to prevent the serious nuisance that has existed in the North
River if the main trunk system can be maintained in a condition for
efficient operation and if local sources of pollution are removed so far
as practicable. «

During the period of this investigation the trunk sewer has been
flowing practically full near its upper end during working hours and
at times of rain, with a very sluggish current even in dry weather.
In the condition in which the sewer has been maintained in the latter
part of 1922, the velocity of flow has not averaged much if any in
excess of 1 foot per second, a velocity which is insufficient to prevent
deposits and obstructions of the flow with sewage of the character

Capacity of the Main Trunk Sewer.



HOUSE — No. 1175. [Jan.36

entering this system. Even were the pumps and outfall sewer of
such a capacity as to dispose of the sewage as rapidly as it reaches
the pumping station and keep the sewage drawn down at the lower
end to about grade 2 or 3, the maximum capacity of the trunk sewer
at its lower end would not at present exceed about 25,000,000 gallons
per day. If kept reasonably clean, the velocity maintained in 1922
could be doubled and maintained at least at 2 feet per second, which
would more nearly secure self-cleansing conditions. The capacity of the
sewer at the pumping station would then be increased to 40,000,000
gallons per day with the sewer running three-quarters full, or 48,000,000
gallons per day running full; that is, a fair, safe maximum could be
maintained of something over 40,000,000 gallons per day.

The results of this investigation show that the main trunk sewer
throughout its length is of adequate capacity, if kept reasonably clean
and if the elevation of the sewage at the pumping station is kept down
to grade 2 or 3, to remove the maximum flow of sewage from Salem
and Peabody at the present time and to remove also a quantity of
storm water resulting from about .25 of an inch of rainfall per hour
on the area in Salem served by combined sewers. Under these con-
ditions overflows of sewage into the North River and other local
waters about Salem would occur only in times of very heavy rain or
when snow is melting rapidly and would not be likely to create ob-
jectionable conditions in those waters. It is assumed, however, that
the storm water which enters the sewers at certain points in Peabody
will be diverted in the near future.

As the quantity of sewage requiring disposal increases in the future
the capacity of the main trunk sewer for removing storm water will
diminish, and in order to prevent the overflow of sewage in smaller
storms and at more frequent intervals it will be necessary gradually
to separate the sewage from the storm water in combined areas in
Salem so that within thirty years storm water shall be excluded from
the sewers connected with the main trunk system.

Capacity of the Outfall Works.
The cleaning of the main trunk sewer and its subsequent main-

tenance in a fairly satisfactory condition, together with the preven-
tion of the entrance, so far as practicable, of matters tending to create
deposits therein, will not alone prevent the sewer from becoming
surcharged frequently at the present time, and the conditions are
likely to grow worse rapidly in the future. There is no doubt that
the present outfall sewer or force main is wholly inadequate to dis-
charge the sewage of the trunk sewer at Great Haste Island at as
rapid a rate as that at which it flows to the pumping station, and it
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is evident that an increase must be made in the capacity of the out-
fall works in order to prevent the necessity for the objectionable use
of the trunk sewer as a settling basin.

Not only has the quantity of sewage requiring disposal increased
materially since the works were installed, but observations have
shown that there has been an increase in friction in the force main.
Among the probable causes for this increase were the possibility of
obstructions of some sort in the pipe or a gradual accumulation of
deposits on the inner surface of the pipe throughout its length. In
order to obtain information as to the probable cause of the decrease
in capacity, such examination of the pipe line has been made as has
been found practicable under the circumstances. The pipe is a very
difficult one to examine since, upon leaving the pumping station, it
is laid beneath the bottom of Cat Cove, thence beneath the narrow
roadway leading to Winter Island whence it enters Juniper Cove,
where it is laid beneath the bottom of the cove, and thence to sea.
The pipe is covered with water even at low tide, but it was found to
be practicable to uncover the pipe at a point in Juniper Cove about
2,000 feet from the pumping station, and at a time of very low tide
on July 26 the pipe was uncovered there and a hole bored through the
top.

An examination was then made of the inside of the pipe at this
point by means of a mirror, with an electric light bulb attached, at a
time wffien the sewage was from 3 to 4 inches below the top of the
inside of the pipe. The pipe was found to be free of large obstructions
at that point, but the inside was covered with a coating one-eighth of
an inch or more in thickness with irregularities which would decrease
the average diameter of the pipe by perhaps half an inch at this point
and increase very greatly the friction head. Small colored scale-like
patches were attached to the inside of the pipe in irregular formation
which, when examined, were found to contain lime with hair, particles
of sand and other substances. Microscopical examinations failed to
show the presence of organic growths.

On July 27 a test was made to ascertain the comparative pressures
in the force main at the pumping station and at this point of opening
in the pipe at Juniper Cove. A pipe had been run out to the shore
from the opening in the force main at the cove and pressure gauges
which had been previously compared were applied and read, together
with the height of the tide, by observers at each station. The result
of this test shows that the fouling of the pipe is probably continuous
throughout its length, being most serious at the end nearest the
pumps, where the loss of head was apparently 20 to 25 per cent greater
than in the outer portion of the pipe. There was no indication that
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air in the force main was affecting its operation. Under present
conditions, with the available pumping capacity, it is impracticable
to force more than 14,000,000 gallons per day through this main,
while, on the other hand, it has already been shown that the maximum
flow of sewage for several hours in the working part of the day, even
in a year like 1922, probably exceeds a rate of 20,000,000 gallons per
day; and if the tanneries had been operating at capacity, the rate
probably would have reached 24,000,000 gallons per day.

The question of the possibility of cleaning the force main has been
carefully considered, since pipe cleaning is common enough in water
supply systems, but this force main offers an unusual problem in that
it is 2 miles in length and is laid for a long distance beneath the
bottom of the sea. There is no doubt that with apparatus such as
is now available for this purpose openings would be necessary at
longer or shorter intervals, and the cost of making such openings,
removing and cleaning the pipes and properly replacing them would
be great.

Assuming, however, that the pipe could be thoroughly cleaned and
maintained in a reasonably clean condition thereafter, and if the present
pumping plant were restored to the low-lift type more nearly as origi-
nally designed, with impellers suited to the purpose, estimates of the
capacity of the force main and the pumping plant indicate that two
low-lift pumps with the original impellers at high speed would dis-
charge about 13,000,000 gallons per day. This quantity might be

about 16,000,000 gallons per day
the head in that case would be so
about 40 per cent more for each

increased about 23 per cent or to
with all four units in operation, but
much increased that it would cost
of the 16,000,000 gallons pumped
weather sewage alone as rapidly as

In order to care for the dry
it comes to the pumping station,

a capacity of as much as 22,000,000 gallons per day is needed at
present at least 25 per cent of the time, and with these original im-
pellers this capacity cannot be reached with the present main even if
it could be thoroughly cleaned.

Furthermore, whenever a rain occurs during the hours of higher
flow, the quantity of sewage coming to the pumping station is greater
than 22,000,000 gallons per day on account of the rain water which
enters the sewers from combined districts. Under existing conditions
it is necessary to waste sewage through storm water outlets and waste
gates at times of rain even when the sewer is fairly clean. At such
times it has been the practice to slow down the pumps or discontinue
their operation altogether. Unless adequate disposal works are pro-
vided for caring for a part at least of the increased flow in times of
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rain, sewage must inevitably continue to be discharged at frequent
intervals into the North River and other local waters about the city.

The results of this investigation show clearly that, in order to
operate this works satisfactorily and maintain a reasonable velocity
of flow in the main sewer which will have a tendency to prevent
serious trouble from deposits, and in order to prevent more frequent
overflows of sewage as time goes on, a larger force main is essential,
even though it were found practicable to clean the present force main
and restore it to, and thereafter maintain it at, its maximum capacity.

The probable necessity for an additional force main at some time
in the future was recognized at the time the works were designed
and constructed, but owing especially to economy of construction
coupled with uncertainty as to the growth of Salem and Peabody and
consequently as to the amount of sewage likely to require disposal,
the main was constructed of smaller size than proposed by the State
Board of Health in 1897, with the expectation that this pipe line
would be supplemented with a second main at such time as necessity
might require.

Size of Force Main required

It is desirable that an additional force main should be provided
large enough for the requirements of Salem and Peabody for a reason-
able time in the future, and the estimate herein presented provides
for a force main capacity about double the present requirements ex-

clusive of storm water. By constructing a pump well or reservoir at
the pumping station of adequate size to receive the surplus sewage at
times of maximum flow, it would be possible to keep the level of the
sewage in the main sewer from rising high enough at any time to
cause backing up of the sewage and consequent increase of deposits
therein. But such a reservoir or pump well would cost a consider-
able sum in any case, especially under the conditions existing in the
neighborhood of the pumping station, and might, by affording oppor-
tunity for sedimentation and decomposition of the sewage, or from
other cause, introduce problems of more or less serious importance
and involve additional expense of maintenance. Where sewage from
a system like this is to be disposed of by dilution, it is important that
it shall be delivered at the outlet as soon as practicable after entering
the system.

The main trunk sewer, as already stated, is capable, if kept reason-
ably clean, of bringing to the pumping station from 40,000,000 to
45,000,000 gallons per day, including much of the storm water from
tributary areas. If the quantity of sewage continues to increase, but
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at a slower rate than in the past, this quantity, exclusive of storm
water, may reach a maximum of 40,000,000 gallons during 10 per
cent of the time thirty years hence. By gradually separating the
sewage from the storm water the main trunk sewer will continue to
be adequate for the purpose during that period, and by providing a
force main capacity equal to the maximum requirements at times of
heavy rain at the present time the works will continue to be adequate
for many years if storm water is gradually eliminated. The force
main capacity should also be sufficient to allow for some accumula-
tions within the pipe and consequent increase in friction head without
detriment to the operation of the works.

In order to meet the conditions satisfactorily and make possible
the discharge of the sewage as rapidly as it reaches the pumping
station, it is advisable to provide a force main 48 inches in diameter
for use with the present main, the new main to be extended to a
new outlet in deep water and thus secure a better distribution of the
sewage and its more rapid and effective disposal in the sea water
than would be the case if all of the sewage were discharged at Great
Haste Island. This will probably require a force main about 2,000
feet longer than the present pipe.

Location of Sewer Outlet.
The sewage is now discharged at all stages of the tide in water

about 9 feet deep at low tide, and the area visibly affected by sewage
varies greatly under different conditions of wind and tide. Recent
examinations have shown that with winds of considerable velocity
the area affected is limited to apparently about one-quarter of a mile
from the outlet, while on very calm days the sewage is noticeable for
about one-half mile or more, though the thin oily film known as
sleek is noticeable for greater distances. There is no doubt that the
conditions about this outlet could be improved and the area affected
by sewage diminished if the outlet were extended to deeper water.
While there has been no serious complaint of the present outlet, there
is danger that as the quantities of sewage discharged here increase
objectionable conditions may arise, and it is advisable that, if a new
force main should be constructed, the outlet be located where the
water is about 30 feet in depth at low tide if practicable.

Before determining upon a location for such an outlet, the necessary
float experiments and other studies should be made to insure the
selection of the most favorable location that it is practicable to secure.
Judging from the chart of Salem Harbor an outlet can be secured in
30 feet of water at a distance of about 2,000 feet farther out to sea
than the present outlet at Great Haste Island.
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Concerning the advantages of deep sea outlets used for the disposal
of sewage by other cities along the coast, the following statement,
made in a report by this Department upon this subject in 1915, is
applicable in this case:

. . . The results of the experience with the various systems of sewerage in
the State having outlets into the sea show conclusively that this method of
disposal may result in great nuisances where large quantities of sewage are
■discharged near the shores and in shallow waters. Even when discharged into
large tidal volumes the sewage, if discharged at the surface, may spread over a
considerable area before becoming thoroughly diffused in the water of the sea.
But where the sewage is discharged at the bottom of the sea in depths of 30
feet or more of water, where the tidal volume is at all times ample for the dilu-
tion of the sewage, the sewage mingles rapidly with the sea water, becoming
diluted by the time it reaches the surface of the sea to an extent comparable
in degree of purification with that effected by the most efficient methods of
■sewage disposal. . . .

Pumping Capacity

Not only should the force main be of adequate size, but it is equally
essential that the pumping capacity should be sufficient to pump the
sewage to the outlet as rapidly as it reaches the pumping station and
to keep the level of the sewage at a minimum in order to maintain
the highest practicable velocity in the trunk sewer and thus remove
one of the chief causes of the formation of deposits in that sewer
which prevents its proper operation at the present time.

In order to care for the dry-weather sewage alone as it comes to
the pumps, a capacity of 22,000,000 gallons per day, as already indi-
cated, is needed at present at least 25 per cent of the time, and this
percentage is likely to increase gradually in the future. But at times
when large quantities of storm water are entering the sewers it is
necessary to take care of more than 22,000,000 gallons per day in
order to prevent slacking of the current in the main trunk sewer and
the frequent overflow of sewage into North River and other waters.
The present pumping plant, with an adecpiate force main capacity
and with both the present and a new main in operation, is capable,
if restored to proper condition, of pumping somewhat more than
30,000,000 gallons per day without creating an excessive friction
head. This amount would not take care of the flows during heavy
rains; and if no greater capacity is provided, sewage will continue to
back up at such times in the main sewer, reduce the velocity, and
at the same time increase the tendency to the deposition of solids,
which must be avoided so far as possible. The objections to this
practice cannot be too greatly emphasized.
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Under the circumstances it is advisable to begin the replacement of
the old units by modern low-head high capacity units. One such
new unit with a capacity of at least 22,000,000 gallons a day at its
low speed should be installed at once for use as soon as a new force
main is completed. The installation of a second unit may be post-
poned for the present, but in the meantime the three remaining
units should be restored to their original low-head condition in order
to operate efficiently and to make the most effective use of the present
electric motors and in order to avoid the fine screening which is
necessary for the proper operation of the present high-head pumps.

Estimates of Cost of Necessary Additional Work:
The estimated cost of a new force main 48 inches in diameter, to

discharge near the present outlet at Great Haste Island, if con-
structed at present prices is $535,000, but since it is desirable that
the additional sewage to be disposed of should be discharged at
another outlet in deeper water, allowance should be made for an
extra length of main to discharge the sewage where the water is
about 30 feet in depth. Tests must of course be made before con-
struction to determine the exact location for a new outlet, but for
the purpose of this estimate it has been assumed that a satisfactory
outlet can be found within about 2,000 feet from Great Haste Island.
The additional cost of this extra length would be about $lOO,OOO,
and the total cost of a new force main under present conditions about
$635,000. The cost of the changes in the pumping works is estimated
at about $25,000.

Conclusions and Recommendations.
The results of the investigation show that parts of the main trunk

sewer system have become inadequate, that the operation of the
system is unsatisfactory, and that in consequence much sewage is
discharged into the North River and other waters and is by far the
most important factor in producing the objectionable conditions com-
plained of in recent years.

The present disposal. works are incapable of removing the sewage
to the outlet at Great Haste Island as rapidly as it is received at the
pumping station. In consequence, during the period of maximum
flow in the working hours of the day the excess of flow of sewage
above the capacity of the outfall works is stored in the main sewer.
This method of operation, which is unavoidable under present con-
ditions, causes the sewage to back up to such an extent that the
velocity of flow is greatly reduced, the formation of deposits facilitated,



HOUSE -No. 1175.1923.] 43

and the cleaning of the sewer made exceedingly difficult and much of
the time impracticable without opening the waste gates to reduce its
level.

On account of the character of the sewage, which contains much
caustic lime, together with grease, hair and other matters in suspen-
sion, deposits form rapidly under these favorable conditions and ac-
cumulate on the sides of the sewer, partly in the form of a hard
scale, to a depth of from 6 inches to a foot, with a like depth on the
bottom of the sewer, especially towards its lower end. These deposits,
which are difficult of removal under present conditions, greatly retard
the velocity of flow in the sewer, and practically at no time since
these investigations were begun has the trunk sewer been clean
enough to carry even 50 per cent of its fair carrying capacity.

In consequence of these conditions, sewage often overflows in times
of fair weather when the sewer is not sufficiently clean. In order to
clean it properly, sewage is wasted into local waters in lowering its
level sufficiently to enable the cleaning gang to do its work, while in
times of rain much of the sewage, sometimes nearly the entire flow,
discharges through waste gates or overflows into local waters.

These conditions make these works exceedingly difficult to main-
tain; in fact, during the last few years the difficulties have been so
serious as to be almost, if not wholly, insuperable.

In order to remove these objectionable conditions, restore the
trunk sewer system to a condition of proper operation and prevent
the nuisances caused by the discharge of sewage into the North
River and other local waters, it is essential to enlarge the outfall
works. A new and larger force main is required immediately, and at
the same time at least one new pump should be installed, of a capacity
equal to 22,000,000 gallons per day, to take the place of one of the
present pumps. The three old pumps remaining can probably be
refitted with proper impellers suited to the work which they will be
required to do, and with this arrangement the pumping capacity
will probably answer for a few years, or until such time as economy
in operation shows that a second large unit is desirable.

With these essential additions and changes in the disposal works,
an investigation should be undertaken and experiments made to de-
vise a practicable method for eliminating from the sewage the excess
of caustic lime and reducing the amount of fats and hair and other
objectionable matters which find their way into the sewers. The
exclusion of these substances, especially the lime in solution, is essen-
tial in order to reduce the cost of cleaning the trunk sewer and to
prevent accumulations in the force mains where cleaning is next to
impossible.
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A third most important requirement is to divert immediately the
drainage from roofs and yards, and in one case at least brook water,
and prevent it from entering the sewers. Such waters enter the
trunk sewer at times of high flow when the pumping capacity is most
overtaxed, and prolong the period of the pollution of the North River
and of Salem Harbor when waste gates are opened and overflows are
in operation.

Another essential requirement to the proper operation of these
works is the thorough cleaning of the main trunk sewer and its
maintenance thereafter in a reasonably clean condition at all times.

In addition to these most important improvements, viz., an enlarge-
ment of the outfall works, elimination of lime and certain other mat-
ters from the sewer, removal of unnecessary storm water connections,
and proper cleaning of the main sewer, there are several other matters
which, though of less importance, should have prompt attention.

It is important to consider immediately the cleaning of the 30-inch
force main, especially the portion nearest the pumping station, where
it is located in shallow water and near the surface of the fiats. Un-
less the capacity of the present main can be increased temporarily
during the period before the new force main can be completed, a
material increase in the overflow of sewage into the North River
and other local waters is inevitable, probably with more serious results
than have thus far been experienced.

The meter at the Salem-Peabody line, which causes much loss of
head in the sewer at that point where every inch is important, should
be eliminated from constant use and some other method adopted for
arriving at the measurements which determine the division of the
cost of maintenance between the two cities. It is probable that leak-
age of salt water, in addition to that which has been eliminated during
the course of this investigation, can be discovered and prevented, and
sufficient time and effort should be given to this work so that this
objectionable contribution to the flow of the sewer may be reduced.

A beginning should be made of the work of separation of the sewage
from storm water in the areas in Salem served by combined systems
of sewers. The city engineer of Salem has frequently recommended
the separation of the sewage from the storm water in the city of
Salem, and it is most important that the storm water entering the
sewers shall be eliminated. This work need not all be done in the
immediate future if the main trunk system is restored to a condition
of proper operation, since under those conditions a sufficient amount
of storm water can be cared for to prevent any very serious pollution
of local waters at the present time, but the increase in the quantity
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of sewage to be expected in the future will again bring about objec-
tionable conditions unless this separation is gradually carried out.

Finally, in order to secure the best results in the operation of the
main trunk sewer and outfall works, all details of new construction,
maintenance and operation should be placed under a single board
with power to exercise over these works authority similar to that al-
ready granted by law to sewer commissioners in cities and towns so
far as may be needful to prevent the entrance of objectionable mat-
ters into the sewers. Such a board should have power to regulate
the character of the sewage and wastes admitted to the main trunk
sewer or any sewer or drain tributary thereto and to inspect all de-
vices or methods of treating manufacturing waste before its admission
to the sewers. The board should be empowered to employ a suita-
ble force with the necessary tools and equipment for maintaining the
works, and should be provided with adequate appropriations for
their proper maintenance and operation. If such a board is created
with the powers indicated, it would probably be desirable that its
control of the trunk sewer system be extended to include the main
sewer of Peabody up to the neighborhood of Peabody Square.

It has not been practicable within the limits of this investigation
to make the necessary soundings and other studies to determine upon
a favorable location for the proposed new force main and outlet.
This force main should be 48 inches in diameter and with an outlet
at the bottom of the sea where the depth of water is as much as 30
feet. It is also desirable to locate it at a sufficient distance, at least
2,000 feet from the present outlet, to provide for proper diffusion of
the sewage and to prevent the creation of objectionable conditions.
It is probable that a location for the force main can be found where
the conditions will be similar at least to those found at the location
of the present force main, and the estimated cost of the work on this
assumption is about $635,000. Additions to and improvements in
the pumping station and equipment will cost probably an additional
sum of $25,000.

While the investment required to restore the main trunk system to
a condition of effective operation is large, on the other hand economy
in the operation of the works and the great reduction that can be
effected in the cost of pumping will largely offset the capital charges
on the new outfall works.

In these investigations the examination of the main trunk sewer
system and its appurtenances and studies of their condition and
operation have been carried on under the direction of Mr. Bertram
Brewer, assisted by Mr. Karl R. Kennison, and on parts of the work
by Mr. N. Leßoy Hammond. Investigations relative to the char-
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acter of the wastes and sewage and relative to the condition of the
North River and its tributaries have been made under the direction
of Mr. Edward Wright, assisted by Messrs. Elson T. Killam and
James A. Stalbird. The chemical work has been carried out under
the direction of Mr. H. W. Clark, director of the Division of Water
and Sewage Laboratories of the Department of Public Health.

Acknowledgment is also made of the cordial co-operation and
helpful assistance of the officials of Salem and Peabody and the rep-
resentatives of industrial works in carrying out this investigation.

Respectfully submitted,

Chief Engineer.
X. H. GOODNOUGH,
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Chemical Analyses of Composite Samples of Sewage from the Main Sewer at
the Salem-PeabodyLine.

(Parts in 100,000.]

STATISTICS.
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3.6

4.3

46.6

tier at
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4.9

8.1

Chemical Analyses, Etc. —Concluded.
[Parts in 100,000.]

1 A.M. TO 6 A.M.

Residue on
Evaporation Ammonia,

ALBUMINOID.O TOTAL RESIDUE

T3

£ m m

1922

L 83541 July 27 117.0 105.8 11.2 1 12 1.32 .78 .54 32.0 21.0 4.30

L 83826 Sept. 1 190.4 172.6 17.8 1 40 1.40 .98 .42 56.0 14.0 7.50
L 84043 Sept. 28 167.2 138.8 28.4 1 .80 2.00 1.30 .70 44.0 20.0 4.50
L 84171 Oct. 19 232.4 169.6 62.8 40 3.12 2.50 .62 56.0 24.0 9.00
L 84494 Nov. 22 149.2 127.0 20 2.00 1.20 .80 35.0 30.0 8.00
Average . . . 171.2 142.8 28.4 1.78 1.97 1.35 .62 45.0 21.8 8.66
Grand
average 338.4 288.2 50.2 3.13 3.22 2.06 1.16 94.0 55.4 18.10

Chemical Analyses of Composite Samples of Sewage from the Main Se
the Salem Pumping Station

a.m. to Noon.

166.0 8.0 9.00L 83831 Sept. 1 423.2 385.2 38.0 1.92 1.48 .96
L 84030 Sept. 27 516.4 499.2 17.2 3.60 .84 .34 .50 230.0 30.0 6.00
L 84176 Oct. 19 588.0 556.8 31.2 5.30 1.75 .88 .87 252.0 34.0 6.00
L 84499 Nov. 22 291.4 244.0 47.4 2.30 1.60 .75 .85 110.0 20.0 10.00 3.5

454.8 421.3 33.5 3.28 1.42 .73 .69 189.0 23.0 7.75Average

1 P.M. TO 6 P.M

L 83828 Aug. 31 338.8 279.6 59.2 2.68 2.48 1.28 1.20 100.0 32.0
L 84045 Sept. 27 398.4 322.8 75.6 3.80 2.32 1.24 1.08 130.0 40.0

12.00

18.40

L 84177 Oct. 19 555.6 504.0 51.6 3.40 3.05 1.64 1.41 222.0 26.0 19.20

L 84500 Nov. 22 698.0 605.4 92.6 2.80 3.30 1.30 2.00 288.0 35.0 31.00

497.7 428.0 69.7 3.17 2.79 1.37 1.42 185.0 33.2 20.15Averai

to Midnight.P.M

L 83829 Aug. 31 655.2 581.2 74.0 2.28 2.05 1.26 .79 265.0 32.0 10.00 11.3

L 84046 Sept. 27 598.8 520.8 78.0 3.90 2.30 1.55 .75 240.0 28.0 12.80
L 84174 Oct. 18 619.2 630.8 88.4 3.75 1.60 .88 .72 246,0 34.0 13.60
L 84497 Nov. 21 691.2 635.0 66.2 2.70 2.80 1.10 1.70 285.0 36.0 14.80 5,

641.1 587.0 \ 74.1 3.16 2.19 1.20 .99 269.0 12.80Average
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6.8

dv

Chemical Analyses, etc. Concluded
[Parts in 100,000.)

1 A.M. TO 6 A.M.

Residue on
Evaporation

Ammonia

ALBUMINOID.TOTAL RESIDUE,
§ g

c,

bCT3 a .g .a g
2 o 13 2 m fl
« 2 £0 &P

U1£ 03

1922.
1.40 .82 .58 102.0 14.0 9.00L 83830 Sept. 1 - l - 1 - 1 148

40 1.65 .75 140.0 18.0 6.00L 84047 Sept. 28 354.0 303.6 50.4 3.20

L g4175 Oct. 19 402.4 336.4 66.0 4.35 1.80 1.40 .40 160.0 22.0 6.40

L 84498 Nov. 22 920.4 889.8 30.6 2.10 2.10 1.10 1.00 450.0 25.0 7.00 2.6

1.93 124 .69 213.0 19.8 7.10Average . . . 558.9 509.9 49.0 2.78
537.9 481.3 56.6 I 3.10 2.08 1.13 .95 212.0 27.0 11.95Grand

average

Averages of the Above Analyses of Samples of Sewage from Salem and Peaboi
[Parts in 100,000.)

Peabody, Average

AmmoniaResidue on Evaporation

ALBUMINOID,TOTAL RESIDUE

tc

mm

3.38.4 I 288.2 50.2 3.13 3.22 2.06 1.16 94.0 55.4 18.10

Peabody, Weighted Average

1.233.3854.9

Salem, Average

3.10 2.08 1.13 .95 |j 212.0 27.0 11.95
537.9 I 481

Salem, Weighted Average,

1.044

Drmali Ah
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GoMthwait Brook above Proctor Brook, Peahodij.
[Parts in 100,000.]

Residue on Evapo- Nitrogen asA MONIA
RATION

ALBUMINOIDTOTAL RESIDUE
Date of Col-

lection,
c w>w-

bo a
{ -*0

£ £ £•cq’L

1912.

of 8 samples 131.53 115.32 16.21 .6903 .6065 .2503 .3562 23.54 .0703 .0158 7.01 DayAverage

1922.

L 83546 July 26 . . . 53.40 47.30 6.10 .1540 .2210 1200 .1010 7.80 .1230 .0600 1.28 9.4 Day

L 83838 Aug. 31, Sept. 1 . 84,80 80.20 4.60 .4150 .2400 1360 .1040 22.00 .0110 .0006 1.64 14.0 Day

L 84026 Sept. 27, 28 . 88.00 83.60 4.40 .2750 .2710 1835 .0875 11.60 .0140 .0000 1.76 12.0 Day

L 84191 Oct. 19 . . . 118.80 98.40 20.40 .1850 .2650 1680 .0970 22.00 .0070 .0010 3.22 10.0 Day

84487 Nov. 22 . . . 142.40 128.40 14.00 .2500 .5300 ,4500 .0800 16.00 .1000 .1000 7.68 12.0 Day

,2115 .0939 15.90 .0510 .0305 3.12 11.5 Day97.50 87.60 9.90 .2558 .3054Averaj

L 83547 July 26 , . . 37.90 36.50 1.40 .4375 .1210 ,0855 .0355 6.20 .2400 .0150 .86 6.6 Nigh

L 83839 Aug. 31, Sept. 1 . 70.20 67.60 2.60 .6800 .1950 1280 .0670 '21.50 . 0200 . 0004 1.64 14.0 Nigh

3440 .1010 13.00 .0140 .0000 3.88 23.0 Nigh84027 Sept. 27, 28 . . 105 60 94.00 11.60 .8500 .4450
4880 .0270 16.00 .0140 .0000 5.70 12.0 Nigh84190 Oct. 19 99.00 95.20 3.80 .7500 .5150

,2614 .0576 14.20 .0720 .0038 3.02 13.9 Nigh78.20 73.30 4.90 .6794 .3190Averagi
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Day flow.0282 14.031049 .3249 53.97 ,0120Average of 8 samples 147.86 125.10

.0020 1.32 4.0 Day flow.0280 .0240 10.50 .046030.60 27.60

.0000 1.10 3.0 Day flow.0800 .1200 57.20 .0160134.60 126.60

.0200 1.68 12.0 Day flow,0360 .0490 17.00 .064043.40 40.40

1000 1.60 11.0 Day flow1020 .0740 22.50 ,000064.90 62.00 2.90

Day flow.0615 .0667 26.80 .0310 .0260 1.4268,40 64.20 4.20

25.80 24.40 1.40 ,0470 .0250 6.60
,0300 .0420 10.00

.0060 1.00 3.6 Night flow,0760

.0030 1.32 4.0 Night flow,055035.60 29.00 6.60

.0500 .96 2.8 Night flow.0590.0600 .0250 22.2071.80 67.00 4.80

Goldthwait Brook, Peabody.Proctor Brook above

.0320 .0130 10.00

.0423 .0262 12.20

12.0 Night flow.0120109030.40 29.20 1.20

.0750 .0178 1.00 5,6 Night flow40.90 37.40 3.50 .0840 .0685

84188 Oct. 19

Average
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L 83548
L 83840 A
L 840;

L 84193 0<

L 84491 N

L 83549 J
L 83841 A

L 84023

L 84192 O.

L 84492 N

to

o
cl
in

O
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Strongwater Brook above North River, Peabody.
[Parts in 100,000.]

RbsieResidue on Evapo- Ammonia. Niteogen ab- 1 £
RATION. g ■£

m S
TOTAL RESIDUE. ALBUMINOID.

Date of Col- T =• "T So Remarks.
lection- | « | - •§ ' g $ « a

~ I § -I § | S | !■§ | gI j | | I | | I | | &p l<s
H Q ai P P Q ai ; O » O ■<

1912.
Averageot 7 samples 128.60 115.88 12.72 1.0230 . 3131 .1386 .1746 38.82 . 0278 .1090 10.07 - Day flow.

1922.

July 26 31.00 28.80 2.20 . 4060 . 0795 . 0635 ,0160 6.90 .1150 . 0180 .78 6,8 Day flow.

Aug. 31, Sept. 1 69.40 57,00 2.40 1.2000 .1080 .0680 .0400 21.60 .0440 .0400 1.08 10.0 Day flow.

Sept. 27, 28 . 48.80 48,20 .60 . 9600 .1060 . 0760 .0300 17.50 . 0760 . 0500 .84 7.0 Day flow.

Oct. 19 . 29.40 27.80 1.60 .6250 .1500 .0520 .0980 14.00 .1200 .1200 .80 14.0 Day flow.

Nov. 22 . . . 52.40 50.20 2.20 . 5440 .1120 . 0700 . 0420 20.00 ,1870 . 0150 .80 12.0 Day flow.

Average . 44.20 42.40 1.80 .7470 .1111 .0659 .0452 16.00 .1080 .0482 .86 10.0 Day flow.

July 26 . . . 22.80 22,20 .60 .3375 .0520 .0390 .0130 3,60 .0890 .0200 .78 0.8 Night flow.

Aug. 31, Sept. 1 30.00 29.00 1.00 .7500 .0600 .0580 .0020 7.00 .0800 .0300 .92 10.0 Night flow.

Sept. 27, 28 . . 25.90 26.60 .40 , 6000 . 0600 . 0440 . 0160 5.60 .1160 . 0100 .54 7.0 Night flow.

Oct. 19 . 31.00 29.40 1.60 .5300 .0700 .0600 .0100 10.00 .1610 .1000 .72 12.0 Night flow.

Nov. 21, 22 . 21.80 20.80 1.00 .4160 .0540 .0440 .0100 9.00 .0200 .0120 .80 12.0 Night flow.

Average . . 26.30 25.40 .90 .5267 .0592 .0490 .0102 7.00 .0940 .0344 .76 9.6 Night flow.
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Norlh River above Howley Street, Peabody, near Salem-Peabody Line.

1912.
Averageof 16 samples 160.53 - - .6148 .7053 .3019 .4034 35.32 -

- 8.89 - Day flow.

1922.
83544 July 26 . 47.30 44.80 2.50 .1600 .1820 . 0805 .1015 9-40 .1140 .0200 1.36 5.2 Day flow,

83842 Aug. 31 74.60 67.80 6.80 .2700 .3320 .1080 .2240 20.00 .0180 .0000 2.68 16.0 Day flow. O
84029 Sept. 27, 28 105.40 98.20 7.20 .4100 .3100 .0720 .2380 28.20 .0190 .0000 2.72 17.6 Day flow. JX
84187 Oct. 19 . 103.40 92.00 11.40 .2100 .3750 .1760 .1990 25.00 .0110 ,0000 3.84 16.0 Day flow.
84485 Nov. 22 . 89.40 80.00 9.40 .1300 .2560 .1860 .0700 30.00 .0000 .0440 3.84 12.0 Day flow.

Average 84.02 76.56 7.46 .2360 .2910 .1245 .1665 22.50 .0324 .0128 2.89 13.4 Day flow. ?

83545 July 26, 27 38.30 36.80 1.50 .2920 .1040 .0550 .0490 7.30 .1720 .0160 1.20 7.0 Night flow.
d83483 Aug. 31, Sept. 1 51.20 43.80 7.40 . 3300 .1640 . 0740 .0900 12.00 . 0090 . 0000 1.72 12.6 Night flow.

84028 Sept. 27, 28 . 51.00 48.00 3.00 .3860 .1480 .0890 .0590 13.00 .0140 .0002 1.56 10.2 Night flow.
84186 Oct. 19 . 45.00 41.00 4.00 .3750 .0800 .0520 .0280 15.00 .0020 .0010 .74 16.0 Night flow.
84486 Nov. 21, 22 41.80 40.60 1.20 .1800 .1160 .0820 .0340 20.00 .0620 .0600 1.76 12.0 Night flow.

Average . . 45.46 42.04 3.42 .3126 .1224 I .0704 .0530 13.50 .0518 .0154 1.40 11.6 Night flow.

Or
CO
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North River at North Street Bridge, Salem.
[Parts in 100,000.]

Ammonia. Nitrogen -a % 1
AS C Hfa %

3 5^
ALBUMINOID. g .

,

D\T
E
E
cr

o
.

F
ON

COL-

, . . 8 15 „• | | I | S gS ||
i I | | I i I :i p |l

1922.

L 83550 July 26 , . .1820 .0650 .0365 .0285 1 1,130 .0160 .0036 1.28 10.0 Half flood tide,
day.

L 84037 Sept. 27 . .1.2420 .1140 .0680 .0460 I 1,600 .0080 .0000 1.76 12.8 Half flood tide,
day.

L 84182 Oct. 18 . . .1180 .0510 .0265 .0245 1,650 .0190 .0000 1.46 16.0 Half flood tide,
day.

L 84482 Nov. 23 . . .0565 .0405 .0215 .0190 1,750 .0220 .0050 1.64 12.0 Half flood tide,
day.

Average. .1.1496 .0676 .0381 .0295 I 1,533 .0163 .0022 1.54 12.7 Half flood tide,
day.

L 83551 July 26 . . .2460 .1140 .0600 .0540 290 .0090 .0140 1.56 13.0 Half ebb tide,
day.

L 84040 Sept. 28 . . .5800 .1020 .0500 .0520 425 .0030 .0000 1.22 14.0 Half ebb tide,
day.

L 84185 Oct. 19 . . .1730 .1860 .1570 .0290 940 .0040 .0010 2.04 16.0 Half ebb tide,
day.

L 84484 Nov. 23 . . .1515 .1690 .1085 .0605 825 .0000 .2400 2.48 12.0 Half ebb tide,
day.

Average . . .2876 .1428 .0939 .0489 620 .0040 .0638 1.83 13.8 Half ebb tide,
day.

L 83552 July 26 . . .0515 .0320 .0220 .0100 I 1,510 .0170 .0004 1.22 9.2 Half flood tide,
night.

L 84039 Sept. 28 . . I .3200 .0740 .0540 .0200 ; 1,525 |.0070 .0000 1.56 13.0 Half flood tide,
night.

L 84189 Oct. 19 . .1.0890 .0480 .0190 .0290 | 1,725 .0230 .0000 1.54 14.0 Half flood tide,
night.

Average. . .1535 .0513 .0317 .0196 1.587 .0157 .0001 1.44 12.1 Half flood tide,
night.

L 83553 July 27 . . .2080 .0860 .0415 .0445 970 .0740 .0030 1.36 9.2 Half ebb tide,
night.

L 84038 Sept. 27 . ~.4940 .1680 .0870 .0810 500 .0100 .0000 1.74 11.0 Half ebb tide,
night.

L 84183 Oct. 19 . . .1650 .1020 .0720 .0300 1,050 .0030 .0000 1.86 12.0 Half ebb tide,
night.

Average . . .2890 .1187 .0668 .0519 840 .0290 .0010 1.65 10.7 Half ebb tide,
night.
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To Dr. Eugene R. Kelley, Commissioner, Massachusetts Department of Public
Health

Sir: I make the following report in regard to certain work
carried on by the Division of Water and Sewage Laboratories con-
cerning the Salem-Peabody sewerage investigation.

During the past five months this division has been actively en-

gaged in aiding by analytical and experimental work this investiga-
tion of the Department. Studies of 58 industrial plants in Salem
and Peabody have been made to determine the nature of the wastes
and the efficiency of the tanks or other devices installed at these
plants for the treatment of wastes; the cause of clogging in the sewer
has been investigated and certain experiments have been made to
show how this clogging can be prevented. Five hundred and four
samples have been examined chemically in connection with this work,
196 being of wastes from tanneries, glue works, etc., 20 of sludge
from settling tanks, 50 of sewage from the main Salem-Peabody sewer,
62 of brooks in Salem and Peabody; 140 were taken and examined
as part of an investigation of the entrance of sea water into the sewers,
and 36 in connection with experimental work.

It was found early in the investigation that much caustic lime in
solution was passing into the sewers from certain plants and that most
of this caustic lime upon mixing with the sewage in the sewers con-
taining carbonic acid was precipitated as calcium carbonate, and that
a carbonate scale in the sewers was one of the factors in reducing
their capacity.

Following these observations, studies were made to ascertain which
plants were passing caustic lime into the sewers and to determine the

from each. As a result it was found that all the wastes
from 44 plants and some of the wastes from certain remaining plants
contain negligible amounts of lime. The wastes from 14 plants,

Appendix.

REPORT OF THE CHIEF CHEMIST.

REPORT.
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however, contain large amounts of caustic lime, and analytical work
and calculations have shown that from these plants during periods
when the industries are being carried on as during the past few months
more than 10 tons of caustic lime (Ca(OH)2) enter the sewers daily,
about 65 per cent of this coming from one plant.

If all this caustic lime were to meet sufficient carbonic acid for
complete precipitation it would cause 13.5 tons of calcium carbonate
to be precipitated daily in the sewers. Analyses have shown, how-
ever, that the sewage does not contain enough carbonic acid for a
complete precipitation and as a result the sewage in the main sewer
at the Salem pumping station always contains caustic lime, the amount
of lime in solution at this point and pumped to sea, judging from our
analytical work, being 2| tons daily. Theoretically, this leaves
tons to be precipitated in the sewers daily.

As previously stated, examinations of the sewers have shown a

large amount of carbonate of lime precipitated in them as a solid
scale. From certain places in branch sewers, scale consisting of layers

thick has been found and samplesof carbonate one or more inche:
taken and analyzed.

the city engineer of Peabody late
Peabody sewers consisted of a lime
scale was shown to contain, when
84 per cent CaC03, 1.4 per cent

The first samples collected by
in 1921 from one of the smaller
scale about 1 inch thick. This
analyzed, 5.7 per cent MgC03,

CaS04, and 8.9 per cent organic matter. Only a trace of fats was
present. Other samples of the matter hanging from the upper por-
tions or attached to the sides of the sewer, collected during the present
investigation, were found to be composed of hair, hide, etc., covered
with a mineral deposit. Analysis and examination of these samples
gave the following results

Per Cent
CaC03 62.0
Fats 1.4
Long hairs 5.2
Short pieces of hair, hide, etc 12.5

The remaining 18.9 per cent was largely organic matter and mag-
nesium carbonate. The brown coloration of these latter samples was
undoubtedly due to tanning materials.

A third sample from the sewer showed less calcium carbonate and
much more fat than those previously examined, the analysis being as
follows:
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Per Cent
CaC03
Fats

38.1
10.9

Long hair
Short hair, hide, etc 29.7
Soluble in hydrochloric acid (magnesium carbonate and organic

matter) 21.3

The only feasible way apparently of preventing the entrance of this
caustic lime into the sewers is to treat the wastes containing it with
carbonic acid. This carbonic acid could be obtained by connecting
with the stacks at each plant and blowing flue gas through the liquids,
this flue gas containing generally at least 7 per cent of C02 by volume.
Better results could be obtained by passing the liquors rich in caustic
lime down through trickling filters or towr ers of coke, or other coarse
material, and blowing flue gas up through these towers or filters to
meet and mingle with them. Laboratory experiments have shown
that both methods can be depended upon to precipitate the caustic
as carbonate, but that in the trickling filter method a given amount
of carbonation can be obtained with one-quarter the volume of gas
required when this gas is blown directly into the liquid.

With all these industries operated as during the past four or five
months, 12,150 pounds of C02 would be required daily to precipitate
all the caustic entering the sewers; and with the plants running at
full capacity, as shown by examinations and measurements of wastes
in previous years, 21,300 pounds would be required. If all the C02
generated by combustion could be utilized, 2.1 and 3.6 tons of soft
coal would, theoretically, furnish sufficient C02 to carbonate all the
Ca(OH) 2 coming from these plants during each of these periods.

Many representative samples from these plants have been car-
bonated in the laboratory. As the hydroxide is neutralized and in-
soluble carbonate formed, this precipitates and clarifies the wastes,
the usual result being a very clear, supernatant liquor. As stated
previously, 14 plants have waste liquors containing much caustic
lime, and the following table presents the amounts coming from each
on the days when samples were collected, together with the amounts
probably present during periods of maximum operation of these
plants.
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Calcium Hydroxide in Tank Effluents and Calcium Carbonate theoretically formed..
Pounds Ca(OH) 2 Pounds CaCOs that

Parts IN CAN BE FORMED
Ca(OH)2 Tank Effluent. from Tank Effluent.

Industrial Plant. 100 jn
Tank Present Maximum Present Maximum

Effluent ' ate .of Rate of Rate of Rate of
Operation. Operation. Operation. Operation.

No. 36 181 13,110 22,610 17,720 30,560
No. 37 58 996 2,415 1,346 3,264

No. 26a 118 590 786 798 1,063

No. 19 50 208 250 281 338
No. 24 30 2,123 2,499 2,869 3,377

No. 8 74 308 1,540 416 2,082-
No. 40 130 1,062 2,165 1,436 2,926
No. 39 74 265 308 358 417
No. 24a 44 55 73 74 106
No. S 2 38 32 47 43 64
No. SlB 58 145 870 196 1,175-

No. 32 58 531 933 718 1,219
No. 1 47 903 1,174 1,220 1.587

No. 14 47 108 157 146 212
20,436 35,827 27,621 48,390

The settled wastes from six of the plants examined contained from
100 to more than 2,000 parts of fats in 100,000, and the settled wastes
from six other plants contained from 60 to 100 parts of fats in 100,000.
Practically all fats found were free floating fats and not emulsified or
present as soap, and hence could be easily separated from the liquors
by proper baffling and frequent skimming. No more of these fats
than possible should be allowed to enter the sewers, as they un-
doubtedly collect on the sides of the sewers and catch floating hair,
wool, bits of hide, lime, etc., and tend to build up the deposits and
other accumulations that choke the sewer and impede the flow of
sewage. Baffling and skimming would undoubtedly prevent much
other floating matter from entering the sewers.

The amount of solids in suspension in all the wastes has been de-
termined by the usual gravimetric methods and the so-called settle-
able solids in many of the wastes by the use of Imhoff tubes. The
former method measures the weight of suspended solids removed by
filtering through paper and is accurate, while the latter determi-
nation simply measures the volume of sludge settling in one hour.
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The two are not comparable on account of the wide difference in
specific gravity of the different matters in suspension in the different
wastes and the fact that the suspended matters in the wastes from
some of the plants precipitated very readily while the matters in
suspension in the wastes from other plants containing hair, hide, etc.,
settled with exceeding slowness. The total matters in suspension in
these wastes amount to about ten tons daily, one plant alone sending
into the sewers tons daily.

Taking the average results of the plants where more than one lot
of samples was collected, 25 plants had tank effluents containing less
than 50 parts suspended solids in 100,000, and the effluents from the
tanks at 27 plants contained more than 100 parts suspended solids
in 100,000, and at some of these plants the suspended solids in the
effluents amounted to 200, 500, 700 and up to 4,000 parts in 100,000.
The efficiency of the tanks in removing these solids varied from zero
efficiency up to 95 per cent, many of these tanks, thickeners, etc.,
showing efficiencies of from 35 to 80 per cent.

Sludge from the settling tanks at 18 plants was examined and
found to be very compact, the greatest amount of water found being
95 per cent, and most of the sludges having only from 70 to 85 per
cent. Four sludges contained large amounts of fats; that is, 8.83,
19.1, 23.2 and 29.7 per cent by weight of fatty matter.

Complete data concerning all the analytical and experimental work
are in the laboratory records, this report being a summary of a portion
only.

Respectfully submitted

Director and Chief Chemist.
H. W. CLARK,




