
REPORT OF THE JOINT BOARD ESTABLISHED
FOR AN INVESTIGATION OF THE SEW-
AGE PROBLEM IN THE SOUTH ESSEX
SEWERAGE DISTRICT.

[Public Health.]

November 28, 1934.

To the General Court of Massachusetts.
The Joint Board established by chapter 49 of the Re-

solves of 1934 has investigated the sewage problem in the
South Essex Sewerage District, with special reference to
the conditions existing in the waters of the Danvers
River, Salem Harbor, Beverly Harbor and adjacent
waters, and herewith submits the results of its investiga-
tion. 1 The resolve establishing the Joint Board provides
as follows:

Resolved, That the department of public health and the department
of public works, acting as a joint board, are hereby authorized and
directed to investigate the sewage problem in the South Essex Sewer-
age district, with special reference to the conditions existing in the
waters of the Danvers river, Salem harbor, Beverly harbor and adja-
cent waters, with a view to determining whether and to what extent
it may be necessary or desirable to change the present method of
treatment or disposal of said sewage, and to determining ways and
means of preventing the accumulation of grease in and upon said
waters and upon the shores of the cities of Salem and Beverly and the
town of Danvers caused by the discharge of the said sewage and by
the discharge of waste from manufacturing establishments, or other-
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1 A plan of the “proposed conduit North River Canal, Salem ”, may be seen with the
original copy of this report or in the office of the Clerk of the House.
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wise. Said board shall also consider, in consultation with the attorney
general, the advisability of filling in the North river canal and con-
structing along the line thereof a pipe line for the purpose only of
carrying off the surface water that now is discharged into said canal.
For the purpose of this resolve, said board may expend such sums, not
exceeding, in the aggregate, three thousand dollars, as may hereafter
be appropriated therefor, of which two thirds shall be assessed upon
the cities and towns comprising the said district in the same propor-
tions as other expenses of said district are assessed, and shall be col-
lected and paid over to the state treasurer in the same manner and
at the same time as state taxes. Said board shall report to the general
court its findings and its recommendations, if any, together with drafts
of legislation necessary to carry its recommendations into effect, by
filing the same with the clerk of the house of representatives on or
before the first Wednesday' of December in the current year. [Ap-
proved June SO, 193A.

This investigation shows conclusively that the North
River in Salem and Peabody is the most grossly polluted
stream in the State, and the results of the analyses show
that the water of this stream throughout most of its
course is as objectionable as ordinary domestic sewage,
a condition due chiefly to the discharge of industrial
wastes into it from the cities of Salem and Peabody.
Furthermore, the analyses show in general an increasing
amount of pollution since the last complete investigation
in 1922. The waters of the Porter and Waters rivers and
other tributaries of the Danvers River also are polluted
by industrial wastes and by domestic sewage though to
a lesser degree than the North River, while the waters of
Salem and Beverly harbors, and the shores of Salem,
Beverly and Marblehead during the period of this in-
vestigation were seriously polluted with sewage matters
from the South Essex sewer outfall to such a degree as
to make their use for recreational purposes most unde-
sirable. The condition of the Danvers River above the
North River is due to the discharge of sewage and indus-
trial wastes mainly from the town of Danvers, where a
sewerage system is badly needed. There was no evidence
of any considerable quantity of grease in the waters or
along the banks of the Danvers River and its tributaries
except in and along the North River, but much grease
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was found along the shores of Beverly, Salem and Marble-
head.

The investigation further shows that the equipment at
the Salem-Peabody pumping station is inadequate for the
existing sewage disposal needs of Salem and Peabody,
and that additional works, consisting of suitable screens
and skimming devices, works for removing certain ob-
jectionable suspended matter, particularly the floating
matters, a deeper and a larger pump well and new pump-
ing machinery of increased capacity should be provided.
The Salem-Peabody trunk sewer, if properly operated,
is adequate for the existing needs of these municipalities,
but certain portions of the sewerage system in the city
of Peabody should be enlarged and portions of the Salem
system should be reconstructed so as to exclude storm
water and the entrance of tidewater. It also is probable
that multiple outlets with an extension of the outfall
sewer into deeper water may have to be provided in the
near future. The town of Danvers is the third largest
town in the State without a sewerage system, and a sys-
tem with outlets into the Danvers trunk sewer of the
South Essex Sewerage District should be provided in
that town.

To assist in removing the objectionable conditions in
Salem and Beverly harbors, and along the shores of
Salem, Beverly and Marblehead, it is important that the
South Essex Sewerage Board adopt and enforce regula-
tions relative to the discharge of industrial wastes into
its sewers and the tributary sewers, particularly in re-
gard to treating these wastes for the removal of grease
and other fatty matters and for the removal of more of
the heavier solids and floating matters.

It also is important that this Sewerage Board or some
other governmental agency be given mandatory powers
by act of the Legislature to prevent pollution of the
Danvers River and its estuaries, including the North
River and its tributaries.

Estimates have been made of the probable cost and
the advisability of filling in the North River canal and
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constructing a pipe line for the purpose of carrying off
the surface water now discharged into this canal which
is subject to pollution by industrial waste and sewage.
These estimates do not include property or consequential
damages. Consequential damages, especially, should be
considered in the construction of such a channel, as the
industrial works might be deprived of some of their
riparian rights. In order to cover the North River in a
manner which will prevent the entrance of industrial
waste and sewage, it will be necessary to construct pipe
lines and conduits from its mouth through the city of
Salem and to points in the city of Peabody above the
location of any of the industries. The estimates of cost
of such works are contained in the engineers’ report which
is attached hereto and made a part of this report.

The matter of pollution of the waters referred to in the
resolve has been a subject of considerable discussion for
many years, and an investigation for a trunk sewer for
Salem and Peabody was made by the then State Board of
Health under the provisions of chapter 112 of the Re-
solves of 1895 which resulted in recommendations for the
construction of a trunk sewer in Peabody and Salem.
Subsequently joint sewerage works were constructed by
the then town of Peabody and the city of Salem in the
year 1906, and the sewage from those municipalities was
diverted to a pumping station near the shore of Cat Cove
in Salem and pumped to a point of discharge in the sea
near Great Haste Island.

The sewerage system in the city of Peabody is con-
structed on the separate plan to receive only the sewage
and industrial wastes and to exclude all storm water, but
in the city of Salem parts of the old system connected
to the trunk sewer were constructed on the combined
plan, and, accordingly, the sewer in that city receives at
times of storm and high tidal conditions a considerable
amount of surface water leakage. The construction of
these works decreased the amount of polluted matter

GENERAL REPORT.
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discharged into the North River, but soon after their
completion difficulties were encountered from the clogging
of the sewers by industrial wastes, and it was necessary
for nearly all of the industries to install settling tanks or
other means for removing the heavier suspended matter
before discharging them into the sewers. The difficulties
in the handling of these wastes also resulted in increasing
amounts of industrial wastes being discharged into the
North River in Peabody and Salem. In the year 1916
it became necessary to install new impellers in the pumps
at the Salem-Peabody pumping station, and again in
1926 further changes were made in the impellers of these
pumps, but in spite of these changes it is impracticable
to maintain satisfactory pumping conditions; also, ex-
aminations made of the outfall sewer showed that in-
crustations, due to certain of the industrial wastes, had
reduced the effective capacity of this sewer considerably,
thus further increasing the cost of pumping. Again, in
the year 1922, the condition of this stream and the dif-
ficulties in the operation of the trunk sewer and outfall
works became so acute that a further investigation of the
matter was made by the State Department of Public
Health under chapter 40 of the Resolves of 1922.

The Department of Public Health prior to 1922 recom-
mended improvements in the disposal of sewage in the
city of Beverly, where the sewage was discharged into
Beverly Harbor in such a way as to cause a nuisance in
that city, and in connection with an investigation of the
Danvers River as early as 1912 and again in 1922 that
department made certain recommendations with a view to
preventing pollution of that river and showing the need
of providing a sewerage system in the town of Danvers.

These conditions in combination with the necessity of
providing a better outlet for the sewage of certain in-
stitutions in the towns of Danvers and Middleton re-
sulted in the establishment, under chapter 339 of the
Acts of 1925, of the South Essex Sewerage District, which
comprises all of the territory of “the cities of Salem,
Peabody and Beverly and the town of Danvers, and the
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land with the buildings and other structures thereon,
owned or controlled by the county of Essex, by the county
commissioners of said county, by said county commis-
sioners as trustees and by the commonwealth, lying within
the limits of the town of Middleton and used by or in
connection with any institution owned or controlled by
any of them.”

The present works of the' South Essex Sewerage Dis-
trict include the Salem-Peabody trunk sewer and pump-
ing station which were first operated in 1906, a Beverly
trunk sewer with extensions for intercepting the sewage
from the institutions in Danvers and Middleton referred
to, and two pumping stations used in connection with
the latter trunk sewer.

The outfall sewer or force main from the lower Bev-
erly pumping station joins the outfall sewer from the
Salem-Peabody pumping station at Juniper Cove in
Salem to form a common outfall sewer with an outlet
about 1,800 feet beyond Great Haste Island in the
outer part of Beverly Harbor.

The sewage in the Beverly trunk sewer consists chiefly
of domestic sewrage intermingled at times with consider-
able ground water leakage, but the sewage pumped at
the Salem-Peabody pumping station contains large
quantities of industrial wastes in addition to the domestic
sewage, together with storm water and tidal leakage in
the sewers in Salem. The wastes discharged into this
system are chiefly from the leather and allied industries
in Peabody and Salem, and the addition of these wastes
to the sewage from these municipalities has resulted in
one of the most serious sewage disposal problems in the
State.

Recent census figures made available during the past
year show that the population of Salem, Beverly and
Peabody has increased since the study made by the De-
partment of Public Health in 1922, and statistics supplied
by the Department of Labor and Industries show that
the number of wage earners in the business of tanning
and preparing leather in Peabody is about equal to what
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it was in 1922, and that this type of business in Salem has
shown a slight increase over that year. It is interesting
to note in this regard that the average flow of sewage
from Salem and Peabody is about equal to that of 1922.
As the present average daily water consumption in these
municipalities is only about 80 per cent of that in 1922,
the increase in the flow of sewage disposed of is to be
explained by the increase in the amount of water used
from private industrial sources of supply. At the present
time it is estimated that the average daily flow of sew-
age during the weeks of maximum flow is nearly 11,000,000
gallons per day from the city of Peabody, about 19,500,000
gallons from the city of Salem, and about 7,800,000 gal-
lons per day from the city of Beverly, while under maxi-
mum conditions of flow more than 40,000,000 gallons per
day of sewage must be disposed of at the Salem-Peabody
pumping station alone.

Because of the large amount of suspended matter in
certain of the industrial wastes, more especially the
tannery wastes discharged into the sewers of Peabody
and Salem, it has been necessary to treat these wastes
before they are discharged into the sewers. In this con-
nection the Department of Public Health has assisted
the South Essex Sewerage District from time to time,
and equipment has been installed at some of the tanneries
reducing the amount of suspended matters and certain
other constituents, especially caustic lime. Regardless
of these activities, however, the results of the analyses
show that the sewage reaching the Salem-Peabody pump-
ing station still contains a large amount of suspended
matter and fats.

At the time the Salem and Peabody pumping station
was constructed, it was planned to discharge the sewage
by gravity during periods of low water so far as practi-
cable, and to use the trunk sewer as a storage basin for
the storage of the sewage during high stages of the tide.
The pump well at this station has a very limited capacity,
and under the present pumping arrangements it is neces-
sary to maintain a considerable depth of sewage in the
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main trunk sewer, thus causing the sewage to back up
nearly to the Salem-Peabody line, resulting in a very
low velocity, deposits of solid matter in the sewer, and
consequent reduction in its capacity. The present pump-
ing machinery in this station has an effective capacity of
only 20,000,000 to 25,000,000 gallons in 24 hours, and
then only for very short periods. The deficiency in
pumping capacity contributes to the backing up of the
sewage in the trunk sewer, and during periods of storms
has from time to time resulted in a large amount of sew-
age overflowing into near-by waters, thus causing local
objectionable conditions.

In connection with the recent investigation the various
industries located on the streams and tidal estuaries
tributary to Salem and Beverly harbors, including the
Danvers River and the North River, were visited, and
samples of the waters and the wastes discharged into
them have been collected and analyzed. The results of
this investigation show that there is much pollution of
the North River from industrial wastes, and that most
of this pollution is due to careless operation of the plants
or improper construction whereby objectionable floor
drainage is permitted to drain into the stream rather
than into the sewers. The results of the analyses show
conclusively that the North River is by far the most
grossly polluted stream in the State, and that the many
complaints of this condition are warranted.

In the case of the Danvers River and its tributaries
there is pollution from a large tannery on the Porter
River, from a large tannery near the Crane River, and
from another large tannery on the Waters River, while
the sewage from a section of the town of Danvers is dis-
charged into a tidal estuary in a manner which causes
objectionable conditions. There are many other sources
of pollution in the town of Danvers. Pollution from the
tannery on the Porter River was sufficient to warrant a
recommendation from the Department of Public Health
to close a bathing beach below this tannery, and that
department following requests for advice has found it
necessary to recommend against the development of two
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other bathing places because of pollution in Danvers.
The solution in the case of the Danvers River, in the
opinion of the Joint Board, is the establishment of a
sewerage system in the town of Danvers, into which may
be discharged the domestic sewage and industrial wastes
from that municipality, and the connection of such a

system with the trunk sewer of the South Essex Sewer-
age District which extends through the central part of
the town and which was designed for the purpose.

The examination of Salem and Beverly harbors and
their shores shows that grease balls and other material
of sewage origin reach these shores and cause objec-
tionable conditions, especially along the shore line of the
city of Beverly, where the deposits of grease and other
sewage matters have made bathing in some sections in-
tolerable. These conditions are not caused by the pol-
luted matters from the Danvers River and its tributaries,
but are due to the sewage discharged from the South
Essex Sewerage District outfall sewer, and unless reme-
died must inevitably result in considerable loss in valu-
ation of taxable property.

Because of the objectionable condition of Salem and
Beverly harbors, experiments were made under the direc-
tion of the Joint Board near the Salem-Peabody pump-
ing station, with a view to determining methods of
treating the sewage from Salem and Peabody before it is
discharged into tidal waters. In addition, tests were made
by releasing floats over the main sewer outlet and at
various points in the outer harbor to determine the course
taken by the sewage. The results of the experiments
show that the sewage reaching the Salem-Peabody pump-
ing station during the period of the investigation can be
successfully treated by reasonably fine screening and
sedimentation allied with skimming for the removal of
grease, while the float tests show that, unlike the condi-
tions resulting from the disposal of sewage through many
other deep-sea outlets in this State; the sewage from the
South Essex Sewerage District is traceable to points far
remote from the outlet. With the increasing recreational
use of Salem and Beverly harbors it is obvious that addi-
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tional improvements in the disposal of the sewage from
Salem and Peabody must be effected by treating the
sewage before it is pumped to sea, and possibly by dis-
charging it through multiple sewer outlets at points east
of the present outlet. While the recent investigation
shows conclusively that reasonably fine screens, some
form of skimming, a larger and deeper pump well, and
new electrical pumping machinery should be provided at
the Salem-Peabody pumping station at the earliest
practicable date, it should be borne in mind that the
sewage from these municipalities is made up rather con-
siderably of industrial wastes which are subject to rapid
change in character, and that the design of final works
for clarification and sedimentation of this sewage and for
final sludge disposal will depend upon the character of
wastes discharged into the sewers by the leather and
allied industries. The changing character of the sew-
age from Salem and Peabody is shown by numerous
analyses covering several years. This sewage is not
comparable with sewages from other districts, and, as
has been the case in other important sewage problems,
thorough experiments are desirable in connection with
the preparation of the final designs for sewage treatment.
Experience has shown that the grease can be removed
from this sewage by skimming without much difficulty,
but the sludge contains considerable quantities of grease,
and the full extent to which the sewage should be treated
cannot be determined by the experiments covered in this
investigation, which were necessarily limited by the funds
made available under the resolve. Accordingly, it is ad-
visable, in the opinion of the Joint Board, that the final
design for the treatment of the complicated sewage from
Salem and Peabody be prepared by engineers of ex-
perience in sewage disposal matters.

In accordance with the authority of chapter 312 of the
Acts of 1904, the Department of Public Health adopted
regulations concerning the treatment of industrial wastes
before they are discharged into the Salem-Peabody
trunk sewer, but the Joint Board is advised by the office
of the Attorney General that the passage of chapter 339
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of the Acts of 1925, establishing the South Essex Sewer-
age District, repeals the power of the Department of
Public Health in the matter of such regulations. Under
the circumstances it is important that the South Essex
Sewerage District adopt adequate regulations to provide
for the removal of all solids from industrial wastes which
will not be carried along by the minimum velocity in its
various sewers, and also for the removal of grease, and
that such regulations be strictly enforced.

Chapter 49 of the Resolves of 1934 specifically required
that the Joint Board, in consultation with the Attorney
General, consider “the advisability of filling in the North
River canal and constructing along the line thereof a
pipe line for the purpose only of carrying off the surface
water that now is discharged into said canal.” There
are 11.59 square miles of watershed tributary to the North
River and the North River canal above North Street in
the city of Salem. To effectively intercept this run-off
and prevent the entrance of polluted matter from these
two cities would necessitate the construction of long lines
of conduits or pipe lines which, if all industrial wastes
are to be excluded from the stream, must extend from
the mouth of the river to points above the center of the
city of Peabody. It is estimated that the cost of such a
conduit, exclusive of land takings and damages, would
be about $649,000.

A more practical plan for the improvement of this river
would be to prevent pollution of the stream by the pas-
sage and enforcement of suitable legislation. When such
legislation is in effect it will then be time to further con-
sider the advisability of filling in the North River and
the construction of covered conduits. The dredging of
the deposits in the bed of the river and the reconstruction
of the bulkheads are estimated at about $135,000.

Recommendations.
With a view to improving the sanitary condition of

Salem and Beverly harbors, the shores of Salem, Beverly
and Marblehead, the Danvers River and its estuaries,
especially the North River, and for improving the portion
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of the system of sewerage of the South Essex Sewerage
District used by Salem and Peabody, the Joint Board
recommends

1. That a more suitable pump well and adequate pump-
ing equipment be provided at the Salem-Peabody sewage
pumping station, so designed as to maintain a flow line
at an elevation at or about the bottom of the trunk
sewer as it enters this station.

2. That works be provided at the Salem-Peabody
pumping station for reasonably fine screening of the
Salem and Peabody sewage, and for the clarification of
this sewage for the removal, by skimming, of the fatty
matters, and the removal of limited quantities of sus-
pended matters, the works to be designed by an engineer
experienced in sewage disposal problems.

3. That legislation be enacted for the prevention of the
pollution of the Danvers River and its tributaries.

4. That regulations be adopted and enforced by the
South Essex Sewerage Board providing for more adequate
treatment of the industrial wastes at their sources, so as
to remove suspended matters not likely to be carried
along in the main sewers and particularly so as to remove
the fatty matters.

5. That a sewerage system be constructed in the town
of Danvers to intercept the industrial wastes and the
sanitary sewage from this town, with connections to the
Danvers trunk sewer of the South Essex Sewerage Dis-
trict which extends through the central portion of the
town.

6. That consideration be given to the construction, at
a later date, of multiple outlets in an extension of the
present main sewer outlet of the South Essex Sewerage
System.

7. That the South Essex Sewerage Board consider the
question of legislation to provide for the examination and
control of settling tanks and other treatment works at
the various industrial establishments in the district, and
legislation for the clarification of the portion of the act
relative to the enforcement of its regulations.

The estimates of cost for carrying out the Joint Board’s
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recommendations at the Salem-Peabody pumping sta-
tion, which amount to $375,000, are contained in the en-
gineers’ report attached hereto. This figure includes the
cost of reasonably fine screens, treatment works for the
removal of fats and certain quantities of suspended mat-
ters, a suitable pump well, and new electrically driven
pumps.

Of the works herein recommended, it is important that
the screens, clarification chambers, the pump well, and
the new pumps with the necessary devices for removing
grease and other floating matters, be installed as soon as
the necessary financing can be completed. As to what
portion of the suspended matters which contain fats
should be treated is subject to further consideration by
the engineer designing the treatment works.

Under the act establishing the South Essex Sewerage
District the cost of new pumps and other works at the
Salem-Peabody pumping station is assessed on Salem
and Peabody only, but as the removal of grease and
other floating matters from the Salem and Peabody
sewage should effect a marked improvement on the
Beverly shore line, consideration might be given to as-,

sessing a portion of the cost of the treatment works
other than the pump well and new pumps on the city of
Beverly.

In addition to the above estimates, the cost of con-
structing a conduit with the necessary pipe lines from a

point near the North Street bridge in Salem to points
above the sources of pollution of Proctor and Goldthwaite
brooks in Peabody is estimated at $649,000, including
the backfilling of the channel. If these conduits are not
provided a considerable improvement could be effected
by dredging the foul deposits in the stream and improv-
ing the bulkheads, the estimate for which is $135,000.
The Joint Board is of the opinion that when legislation is
enacted for preventing pollution of the North Paver it
will then be time to consider further the advisability of
dredging the foul materials from this river or of con-
structing covered conduits.

Drafts of legislation covering certain of these recom-
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mendations are appended to and made a part of this re-
port.

The Joint Board acknowledges the assistance of the
South Essex Sewerage Board, and the officials of the
cities of Salem, Beverly and Peabody, in connection
with the various phases of this investigation.

Expense of Investigation.

Chapter 49 of the Resolves of 1934 provided that the
Joint Board might expend such sums not exceeding in
the aggregate $3,000, of which two-thirds should be as-
sessed upon the cities and towns comprising the district
and one-third on the Commonwealth. In order to as-
sist in the allocation of this expense the Joint Board sub-
mits the following summary of its expenses:

Appropriation :3,000 00
Salaries and servi
Field expense

51,976 27
659 62

=2 20Apparatus, equipment, etc.

2,978 09Total expended

Balance unexpended 121 91

Respectfully submitted,

HENRY D. CHADWICK,
Commissioner of Public H.

SYLVESTER E. RYAN,
GORDON HUTCHINS,
RICHARD P. STRONG
JAMES L. TIGHE,
FRANCIS H. LALLY

Public Health Council. n

FRANK E. LYMAN
Commissioner of Public W

RICHARD K. HALE
WILLIAM F. CALLAHAN,
Associate Commissioners of Public Work
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The Joint Board created by chapter 49 of the Resolves
of 1934 has, in pursuance of the duties imposed upon it
by said resolve, consulted with me relative to the ad-
visability of filling in the North River canal and con-
structing along the line thereof a pipe line for the purpose
of carrying off the surface water that now is discharged
into the canal. There was no duty imposed upon said
Board to consult with me relative to the other phases of
the investigation embraced in said resolve.

The historical background and a detailed description
of the problems created by the present conditions as
existing in the North River canal, as well as a detailed
program of construction designed to correct and remedy
the present conditions and the estimated cost of such
proposed improvements, are contained in the main body
of the report of the Joint Board and need no further
elaboration. The ultimate cost of the proposed con-
struction, however, is dependent to a large extent upon
the amount of money which may have to be paid to in-
dividual landowners owning land contiguous to the im-
provement in compensation for such of their rights as
may be adversely affected by the proposed construction.
It is most difficult to ascertain what legal rights, riparian
or otherwise, are vested in landowners owning property
adjacent to the North River, and to what extent such
rights, if any there be, would be damaged by the pro-
posed construction. The limited appropriation available
to the Joint Board precluded the possibility of an ade-
quate and extensive legal research to determine these
factors. Nor, in my opinion, would such attempted
determination have been advisable for other reasons.
Experience has demonstrated that any estimates of the
value or the amount of damage incurred in connection

REPORT OF THE ATTORNEY GENERAL.
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with rights of this nature are usually far from accurate.
In the case of actual land takings for highway or building
construction purposes, it is usually possible to estimate
with reasonable accuracy the market value of the land
to be taken. There would be no guaranty of reasonable
accuracy to any estimates which might have been made
in the present situation. The ultimate determination of
damages for takings by eminent domain rests in the
hands of a court and jury. Jury verdicts actually ren-
dered in cases of improvement projects, somewhat similar
to the instant proposals, have in many cases varied
greatly from the original construction estimates.

The total cost of the proposed construction may well be
a considerable factor in the determination by the Gen-
eral Court as to its advisability. As stated above, the
character of the alleged rights which might be adversely
affected by the construction advocated by the Joint Board
precludes any accurate estimate of such total cost. To
obviate this difficulty, I recommend that the public
board or public officer empowered to carry out the pro-
posed construction, if the General Court determines its
advisability, be directed to proceed in a manner similar
to that outlined in chapter 80A of the General Laws as
appearing in the Tercentenary edition thereof. This
chapter provides an alternative method of taking prop-
erty by eminent domain and assessing betterments. It
was originally inserted into the General Law’s by chapter
380 of the Acts of 1929, but has not been generally
availed of since its passage, most land takings still being
commenced under the provisions of chapter 79 of the
General Laws. This alternative method has several ad-
vantages, however, which appear to make it the desirable
method of procedure in connection with the instant prob-
lem. It enables a more speedy determination of the
amount of damages. It enables a determination of the
amount of damages before the commencement of con-
struction; and lastly, it enables an abandonment of the
proposed project in the event that the damages as finally
established prove to be out of proportion to the value of
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the benefit derived by the project. The General Court
may, if this procedure is adopted, either leave the ques-
tion of determining whether or not this disproportion
exists to the sound discretion of the public board or public
officers charged with the duty to carry out the project,
or it may fix a definite sum to be allowed for the pay-
ment of damages, and direct the said board of public
officers to abandon the project if the damages as finally
determined exceed that definite sum.

I suggest, however, that certain procedural changes be
made in the method set out in chapter 80A in the inter-
ests of greater facility and greater efficiency of operation.
The suggested changes are as follows;

1. That the findings of the commissioners appointed
under section 8 be made final unless the right of appeal
for a jury determination under section 9 is expressly re-
served by the landowner, and that, in the event such
right of appeal is reserved, the Commonwealth shall have
a like right of appeal.

2. That the commissioners be empowered to employ
an expert impartial appraiser and consider his report as
evidence, the remuneration of such appraiser to be a
part of the costs of the proceeding and fixed by the
judge of the court.

JOSEPH E. WARNER,
Attorney General.

November 29, 1934.
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To the Joint Board for the Investigation of the Sewage 'Problem in the
South Essex Sewerage District, Henry D. Chadwick, M.D.,
Chairman.

Gentlemen : Herewith is submitted a report relative
to an investigation of the sewage problem in the South
Essex Sewerage District as directed by chapter 49 of the
Resolves of 1934, to be carried out jointly by the Depart-
ment of Public Health and the Department of Public
Works.

REPORT

The resolve under which this investigation was made
authorizes and directs the Joint Board to investigate the
sewage problem in the South Essex Sewerage District,
with special reference to the conditions existing in the
waters of the Danvers River, Salem Harbor, Beverly
Harbor and adjacent waters, with a view to determining
whether and to what extent it may be necessary or de-
sirable to change the present method of treatment or
disposal of the sewage of this district; also to determining
ways and means of preventing the accumulation of grease
in and upon these waters and their shores from sewage
and from the wastes of manufacturing establishments, or
otherwise. The resolve further directs the Joint Board
to consider, in consultation with the Attorney General,
the advisability of filling in the North River canal and
constructing along the line thereof a pipe line for the
purpose of carrying off the surface water that now is dis-
charged into the canal.

ENGINEERS’ REPORT.
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The South Essex Sewerage District was created by
chapter 339 of the Acts of 1925, and includes

all of the territory of the cities of Salem, Peabody and Beverly and of
the town of Danvers, and the land with the buildings and other
structures thereon, owned or controlled by the county of Essex, by
the county commissioners of said county, by said county commis-
sioners as trustees and by the commonwealth, lying within the limits
of the town of Middleton and used by or in connection with any insti-
tution owned or controlled by any of them.

The Board consists of five members, as follows: the
city engineer of Salem, the city engineer of Peabody, the
commissioner of public works of Beverly, a representative
of the town of Danvers, and a chairman appointed by the
Governor, with the advice and consent of the Council.
Under the terms of the act this Board is authorized to
construct, maintain and operate the main sewers, pump-
ing stations and other works in the municipalities named,
and as may be required in the future. Under section 14
of the act the Board is specifically directed to maintain
the works at all times in the best “practicable operating
condition,” and to —■

South Essex Sewerage District.

prevent so far as practicable the discharge into the sewers of
substances which may cause obstruction therein or may impede the
flow of sewage. It shall have the right to enter any premises from
which any sewer or drain is connected with any part of the sewerage
system under its control, or with anv tributary sewerage system, tc
determine the condition of said sewer or drain and the character of

nage or other wastes flowing therefrom, and whether suchsewa
ewage, drainage or other waste is a source of obstruction to the sewers
ir works under its control, and said board if it deems it necessary or

advisable for the proper and reasonable operation of the works may
make regulations as to the character of any sewage, drainage or other
wastes discharged into any sewer under its control or any sewer
tributary thereto, and may also make regulations governing the rate
of discharge of any such sewage, drainage or other waste; provided.
that if any city or town, institution or person notifies said board in
writing that any such regulation as to the quantity or character of
sewage, drainage or other waste, or as to its rate of discharge, is un
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reasonable or unnecessary, either said board or the said complainant
may appeal to the department of public health, which after a hearing
may approve, rescind, modify or amend such regulations, and the
same as so approved, modified or amended shall thereupon be in full
force and effect.

Histoey of South Essex Seweeage Disteict.
The first legislation of importance relative to the

general problem of the disposal of sewage and industrial
wastes from the territory of the now South Essex Sewer-
age District was adopted in 1878 and provided that the
city of Salem might divert the waters of certain brooks
in Peabody into a “main sewer of the width of thirty
feet.” The following year the city was authorized to
construct a main drain or sewer in the North River. In-
formation is not complete as to what action the city of
Salem took on these matters, but in 1895 the Legislature
directed the State Board of Health to consider the ques-
tion of sewerage and drainage for both Salem and Pea-
body. Under chapter 353 of the Acts of 1901 the city of
Salem was authorized to construct a sewerage system,
and chapter 221 of the acts of that year provided legis-
lation to prevent the pollution of the North River. Sub-
sequently, in 1906, in accordance with chapter 353 of the
Acts of 1901, and in accordance with chapter 312 of the
Acts of 1904, the city of Salem built a trunk sewer with
a pumping station at Cat Cove, and works for discharging
the sewr age into Salem Harbor and a trunk sewer were
built in Peabody to the Salem line, connecting with the
trunk sewer in the city of Salem. The trunk sewers in
these cities and the pumping station and outfall works
were constructed substantially as recommended by the
State Board of Health, but with a change in the location
of the pumping station and a reduction in the size of the
outfall sewer.

The State Board of Health was directed to make an
investigation of the pollution of Danvers River in 1912
and again ten years later in 1922. As a result of the
investigation in 1922, the Department of Public Health
recommended, in House Document No. 1175 of the year
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1923, certain changes at the Salem pumping station,
a new outfall sewer of larger diameter and an increase in
the pumping capacity. In the following year that de-
partment was directed to investigate the question of sew-
age disposal for the four municipalities making up what
is now the South Essex Sewerage District, and this report
appears as House Document No. 1300 of the Legislature
of 1924. That Legislature organized a commission con-
sisting of certain state, county and local officials, and
this commission made a further legislative report which
appears as House Document No. 1175 of the year 1925.
The recommendations contained in this latter report
were the basis of the act establishing the district.

Other legislation has been proposed during the last few
years relating particularly to the reconstruction of the
Salem pumping station, but none of the bills filed was
enacted, and consequently the necessary additional works
have not been constructed.

Industrial Development of District.
The principal industry of the South Essex Sewerage

District is that of tanning and preparing leather. Ac-
cording to the information obtained from the Division of
Statistics of the Department of Labor and Industries,
this industry in Peabody employed in 1933 an average
of 4,337 persons, or 79 per cent of the total average num-
ber of wage earners employed in that city, while the value
of the leather products in that municipality amounted to
82 per cent of the total value of manufactured products.
In Salem, in the year 1933, the leather industry employed
16 per cent of all wage earners, and the value of this type
of production was 21 per cent of the total value of manu-
factured products.

The investigation under chapter 49 of the Resolves of
1934 was concerned rather considerably with the tanning
industry, and the following table has been prepared to
show the average number of wage earners employed in
the production of tanned, curried and finished leather in
Salem and Peabody during the last twelve years:
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Average Number of Wage Earners employed in Leather Industry.

Peabody. Salem. Total.

4,832 893 5,725

4,432 825 5,257

4,116 723 4,839
4,148 768 4,915

4,400 801 5,201

4,707 847 5,554

4,633 950 5,583

4,112 863 4,975

3,983 878 4,861

3,574 712 4,286
4,337 912 5,249

4,307 951 5,258

1923

1924

1925

1921

1927

1928

1929

1930

1931

1932

1933

1934

Estimated average first ten months

These figures show a falling off in the business of the
leather industry after 1929, but the last two years have
shown a very favorable increase in the number of wage
earners employed in this industry. The production dur-
ing the first five months of 1934 has shown an increase
over the same months of 1933.

Description of South Essex Sewerage System.

Salem-Peabody Trunk Server.
The main sewer for Peabody and Salem starts at Pea-

body Square in the business section of the city of Peabody
and extends in a general easterly direction parallel to the
North River until it reaches Bridge Street in Salem,whence
it passes in a northeasterly direction through Bridge Street
and along the southwesterly shore of Collins Cove to the
pumping station at Cat Cove. This sewer is about 3.3
miles long. At the head of the trunk sewer in Peabody
Square the invert is at elevation 12.22 above mean low
water. In Peabody near the Salem line the sewer is 48
inches in diameter, but the upper end of the sewer in
Salem is 52 inches in diameter and is laid on a slope of
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1 foot in 1,500 feet to the siphon under the North River
at Grove Street. From Grove Street to Derby Street
the sewer is laid on a grade of 1 foot in 2,000 feet and
from Derby Street to the pumping station on a grade of
1 foot in 2,500 feet. The size of the sewer changes at
Goodhue Street from 52 inches to 57 inches in diameter,
and at North Street to a section equivalent to 60 inches
in diameter. From Derby Street to the pumping station
the sewer is 72 inches in diameter. A Venturi meter is
located at the Peabody-Salem line, and just below this
meter the invert of the sewer is at elevation 7.61. The
elevation at Grove Street is 5.57, at Derby Street, 0.67,
while the invert of the sewer at the pumping station is at
elevation —1.03. It has been estimated that the lower
portion of the sewer would have a capacity of about
48,000,000 gallons per day when running full and clean
and if the sewer had a free outlet, but under the prevail-
ing operating conditions, whereby the sewage in the
pump well is kept at an elevation seldom less than 3.0 to
4.0 feet above mean low water the capacity of the sewer
probably does not exceed 25,000,000 gallons per day,
and even less when the cross section of the sewer is re-
duced by sludge deposits. As has been brought out in
previous investigations by the Department of Public
Health, this sewer with a free outlet, if kept clean, would
have ample capacity for the disposal of the sewage from
Salem and Peabody, and an additional capacity for con-
siderable run-off at times of storms.

Overflows from Peabody-Salem Trunk Sewer. There
are overflows or relief gates from this main trunk sewer
into the North River at the Peabody-Salem line and at
North Street in Salem, while there is a main emergency
overflow at the wharf near the foot of Derby Street into
Salem Harbor. Thus far this year there have been over-
flows of sewage five times at the Peabody-Salem line
lasting in the aggregate about 82% hours, two at the North
Street overflow totaling 48 hours, and six at the emer-
gency outlet into Salem Harbor totaling 87 hours. Most
of,these overflows occurred during the late winter and
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spring. There have been no overflows of any consider-
able consequence during the period of this investigation.

Salem and Peabody Pumping Station. The sewage on
entering the pumping station is screened through coarse
bar screens having clear openings of ITV1 TV inches. The
pumping station is equipped with four motor-driven
centrifugal pumps having an aggregate economical ca-
pacity of about 20,000,000 to 25,000,000 gallons per day,
and the sewage pumped is measured by a Venturi meter
connecting with a 48-inch force main which joins the
force main from Beverly at a point 1,900 feet beyond
the pumping station. The bottom of the present pump
well at the Salem pumping station is at elevation —2 to
—3, and the suctions to the present pumps extend to
elevation —l.

Condition of Salem and Peabody Trunk Sewer. The
condition of the Salem -Peabody trunk sewer has been
pointed out on several occasions by the Department of
Public Health in its various reports to the Legislature and
in communications to local authorities. In the special
report to the Legislature of 1913 the following appears:

... it is badly clogged by deposits of sludge, which cause a backing
up of the sewage toward its upper end and the exclusion of considerable
quantities of foul waste which this sewer is capable of removing if
operated under favorable conditions. . . .

Later in this report it was stated that
... A large part of the pollution of the North River is due to the

unsatisfactory conditions under which the trunk sewer system in
Salem and Peabody is operated, and by making certain improvements
in this system ... it will be practicable to relieve greatly the pollu-
tion of the North River and its tributaries.

Methods of improvement were outlined in this report,
the important ones of which, so far as this investigation
is concerned, were as follows:

Changes in the main trunk sewer of Salem and Peabody,
including the construction of a large pump well at the pumping sta-
tion, in order to give a free outlet to the main trunk sewer at all times
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the operation of the pumps sd as to prevent the backing up of the
sewage; and the removal of deposits from the main trunk sewer.

Similar improvements were again pointed out by the
Department of Public Health in a communication to the
board of health of Salem dated July 16, 1914.

A resolve was passed by the Legislature of 1922 direct-
ing the Department of Public Health to investigate the
North River and determine measures necessary for im-
proving the Peabody and Salem trunk sewer system. In
the special report of the Department of Public Health
to the Legislature of 1923 (House Document No. 1175)
the following appears:

. . . 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 remov-
ing 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. . . .

Changes in the pumping facilities at the Salem sewage
pumping station were considered necessary at the time
the South Essex Sewerage District was created, and the
South Essex Sewerage Board has noted the desirability
of these changes in most of its annual reports and has
stated that the velocity in the main trunk sewer is ex-
tremely low, rarely exceeding one foot per second. In
the last printed report of this Board for the year ending
December 31, 1933, the following appears:

. . . there still remains the problem of securing adequate pumping
capacity through the reconstruction of the Salem pumping station
before the original sanitary program for which the district was formed
will be completed.

Again, later in this report, the following appears

. . . The inadequacy of this pumping plant to properly and eco-
nomically handle the amount of sewage flowing, and the unwarranted
high cost of operation and repairs, again emphasizes the serious need
for major changes.
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As the Salem -Peabody pumping station is now op-
erated, the main 6-foot Salem -Peabody trunk sewer
normally flows about 5 feet full for various reasons, but
chiefly because of the lack of a free outlet into the pump
well at the pumping station and suitable mechanical
equipment at this station. The Joint Board has caused
the equipment and pumping capacity at this pumping
station to be investigated by Jackson & Moreland, engi-
neers, of Boston, who have had extensive experience in
pumping equipment, and excerpts of their report are
appended. Because of lack of capacity in the Salem-
Peabody works the main trunk sewer is frequently sur-
charged, manhole covers are at times blown off, especially
on Bridge Street in Salem, and overflows as above indi-
cated have frequently occurred in the past. This results
not only in dangerous conditions to persons traveling
along Bridge Street and other streets in which the main
sewer is located, but constitutes a serious danger to the
public health. The need of correction has frequently
been emphasized by the South Essex Sewerage Board,
by the Department of Public Health and local authorities,
and it is the lack of capacity at this pumping station that
is the cause, in part, at least, of the passage of the resolve
requiring this investigation. If a pump well were pro-
vided which would permit a free flow from the sewer, the
velocity of the flow in this sewer would be increased and
the objectionable conditions due to deposits of solid
matter in the sewer would be largely prevented.

Peabody Sewerage. Time and funds available for
this investigation have not made it practicable to make
any complete study of the capacity of the various sewer-
age systems. There is a lack of capacity at times in that
portion of the Peabody sewer north of Washington Street
between Allen’s Lane and Foster Street, and there has
been a lack of capacity in the Foster Street sewer, but
this latter portion of the Peabody system has been cleaned
and now appears to be operating satisfactorily. During
the investigation sewage overflowed from two manholes
in Caller Street. These are matters for local attention
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and probably can be corrected by systematic cleaning,
the construction of more adequate sewers in certain
places, and possibly a more adequate siphon under the
river at Caller Street may be required.

When the Peabody sewerage system was first con-
structed there was considerable interest on the part of
the local authorities and apparently the officers of the
various tanneries in preventing the overflow of tannery
wastes into the North River and in keeping the tanks
through which tannery wastes are discharged clean so as
to prevent the overflow of too much solid matter into the
sewerage system.

The following statement from the report of the Sewer
Commissioners of Peabody, dated April 3, 1909, ap-
parently addressed to the manufacturers, is quoted:

Again we call your attention to the necessity of keeping your settling
tanks in proper condition and cleaning them at regular intervals. It
is useless to say, “My tank was cleaned out last week, or the week
before.” Clean it when it needs it. The Commission does not seek
to impose a hardship on the manufacturers in this matter. All they
ask is care and supervision, in order to prevent improper factory
material from entering the sewer.

In the Metropolitan System, every leather manufacturer is required
to keep a man cleaning the screen where his factory effluent enters the
system.

The importance of proper sedimentation is being constantly demon-
strated. Cleaning sewers is a costly and difficult operation, especially
with the conditions that prevail in Peabody. Much of the dirt that
is found comes from want of care and seeming indifference on the part
of some factory managers.

Your co-operation in the matter of keeping the sewer free from
hair, lime, sludge or clogging substances is earnestly desired.ing substances is earnestly desired

Interest was shown in this problem again in 1914, and
the following is quoted from the report of the Public
Works Commission of Peabody for that year;

. . . When the Peabody sew'er was first constructed it was with
the primary idea of taking all manufactural waste from the North
River and leaving that water course pure and clean from its source
to the sea. That this has not been done after the sewer has been in
operation for seven years the most casual observer will agree. From
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the time of the installation of the first tannery in Peabody, manu-
facturers have had the river as an outlet for every kind of waste which
was found to be of no value to them from a commercial standpoint.
This practice had been going on for so many years that it appears
the manufacturers thought all that it was ■ necessary to do was to
connect their plants with the sewer and dump all their refuse therein.
As a result the main drainage thoroughfares were used as settling
basins, and the town was forced to expend thousands of dollars yearly
in attempts to keep them clean. .

.
.

No recent reports of the city of Peabody other than
financial reports are available. However, the recent in-
vestigation shows that the attention formerly given this
matter by the authorities, and the interest shown by
some of the industrial organizations, particularly the
smaller ones, is not as great generally as in the earlier
years of the operation of the Peabody sewerage system,
with the result that in many cases the tanks are given
less attention and increasing quantities of industrial
wastes are allowed to overflow into the trunk sewer with-
out treatment, or into the North River or its tributaries.
The recent investigation indicates in many instances a
woeful lack of interest in maintaining reasonable sanitary
conditions within the limits of the city of Peabody, and
conditions equally as objectionable are to be found at
certain industrial plants in Salem.

The city of Peabody has a rental system under which
those using the sewers are charged in accordance with the
quantity of sewage or wastes discharged. The city of
Salem has no such rental system. It is interesting to
compare the charges for sewer rentals in Peabody with
those in force in the only other comparable municipality
in Massachusetts where tanning is a chief industry. In
Peabody the rate charged manufacturers for sewer rental
is $17.50 per million gallons, based on the measured or
estimated quantity of industrial waste discharged into
the sewers, while in the other comparable municipality
the rate is $26.67 per million gallons, or about 50 per cent
more than the Peabody rate. The method of assessing
manufacturers on the basis of the amount of wastes dis-
charged may encourage the manufacturers to discharge
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minimum quantities of wastes into the sewerage system
and thus decrease their assessment and the general
assessment of the district.

Danvers-Beverly Main Trunk Server. The Danvers
trunk sewer starts near the Danvers-Middleton line and
extends in a southeasterly direction through the central
part of Danvers largely adjacent to Crane River and its
tributaries, and crosses the Porter River in the form of a
siphon to a pumping station located near the Danvers-
Beverly boundary line. This pumping station is equipped
with coarse bar screens with 2-inch clear openings and
two pumps having a total capacity of about 8,000,000
gallons per day. The sewage is then elevated to a 33-inch
by 34-inch sewer extending along the northerly shore of
the Danvers River to the Bass River, whence it passes
through a siphon under that river and reaches one of the
main sewers constructed by the city of Beverly, now a
part of the district system, in which the sewage of that
city is collected. This trunk sewer has a capacity of
about 17,000,000 gallons per day. The Danvers-Bev-
erly trunk sewer is 7.75 miles long. The main sewer
reaches the pumping station near Tuck’s Point at ele-
vation 3.5. This station is equipped with bar screens
with 2-inch clear openings and two pumps having a total
capacity of 9,000,000 gallons per day at the present
average head.

The following tables show the average daily flow of
sewage through the works of the South Essex Sewerage
District:
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I

The examination of the detailed records of the quantity
of sewage pumped at the Beverly pumping station shows
no material change for holidays and Sundays, but during
October, 1934, the average at the Salem pumping station
for the first four days of the week,-—Mondays through
Thursdays, which under the present arrangements are
the days of maximum operation, was 10.42 million gallons
per day, while for Sundays the quantity was reduced 28.5
per cent to an average of 7.45 million gallons per day.

The population of the district and the municipalities
making up the district is shown in the following table:

Year. Salem. Peabody. Beverly. Danvers. Total.

1900 35,956 11,523 13,884 8,542 69,905

1905 37,627 13,098 15,223 9,063 75,011

1910 43,697 15,721 18,650 9,407 87,475

1915 37,200 18,625 22,959 11,177 89,961

1920 42,529 19,552 22,561 11,108 95,750

1925 42,821 19,870 22,685 11,798 97,174

1930 43,353 21,345 25,086 12,957 102,741

1934 1 43,793 21,831 25,332 13,619 104,575

1 E. R. A. census.

The recent census figures for the district as a whole do
not come up to the estimates used in the design of the
South Essex Sewerage Works.

Leakage into Sewerage System. As indicated above,
the Peabody and Beverly sewerage systems were de-
signed on the separate plan, and much of the Salem sewer-
age system also is designed on the separate plan, but
there are numerous combined sewers in the latter city
from which large quantities of storm water mingled with
sewage are discharged into the main trunk sewer or di-
rect to waters in or adjacent to the city. Since the in-
vestigation reported in 1923, seven miles of surface water
sewers have been constructed in Salem.

The records of the quantity of sewage pumped at the
Beverly pumping station indicate that the Beverly sewer-
age system receives an excessive amount of storm water
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or ground water leakage at times of high ground water
and heavy rainfall. The average quantity of sewage
pumped by the South Essex Sewerage District at the
two main pumping stations during the week of maximum
flow in 1933 is shown in the following table, with a
comparison of the use of water during the week of maxi-
mum consumption. These figures do not include the
quantity of sewage pumped at the Danvers station.

[Million gallons daily.]

Salem. Peabody. Beverly. Total1933.

Average daily sewage flow during week of
maximum flow.

Average daily water consumption during
week of maximum consumption.

19.51 10.95 7.87 38.33
5.04 4.30 2.27 11.6111.61 1

Does not include the water fro a private sources of supply

Such records as are available show a considerable
leakage into that portion of the trunk sewer in Danvers
between Nichols Street and the connection with the Dan-
vers State Hospital. The flow through the Nichols
Street meter in 1933 averaged 612,000 gallons per day,
as against the water consumption for the tributary popu-
lation of 331,840 gallons per day, while during the month
of April, 1933, the quantity of sewage measured at Nichols
Street exceeded the water consumption at the various in-
stitutions tributary to the sewer above Nichols Street
by about 897,000 gallons per day. The engineer of the
South Essex Sewerage Board is aware of this excessive
leakage and is attempting to take such action as is practi-
cable to remedy the situation.

The results of the analyses of a number of samples of
sewage collected from the Salem-Peabody trunk sewer at
the Salem-Peabody line in 1933 and 1934 show that the
chlorine content of this sewage, as shown by the chloride
determination, varies from a minimum of 340 parts per
million to a maximum of 1,800 parts per million, with an
average of 1,229 parts per million, while at the Salem
sewage pumping station, on comparable samples the
analyses show a variation from a minimum of 240 parts
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to a maximum of 6,450, and averages 1,862 parts per
million. This wide difference in the chlorine content,
while possibly due in part to the discharge of brine from
certain tanneries in Salem, is probably due very largely
to the infiltration of tidewater into the sewers in the city
of Salem. This is further indicated by the analyses of the
samples collected on November 9, 1934, when the salinity
of the sewage at the pumping station varied more or less
with the rise and fall of the tide. However, a comparison
of the flow at the Salem-Peabody line, and that at the
Salem-Peabody pumping station, shows that the increase
in flow is not greatly in excess of that which would be
expected by the addition of the sewage from Salem. The
funds available for the investigation did not permit of
careful study in regard to the infiltration of tidewater,
and it is recommended that a further study be made by
the South Essex Sewerage Board.

Character of Sewage.

Salem-Peabody Sewage.

The sewage flowing in the Salem-Peabody trunk sewer,
as shown by the analyses available to the Department of
Public Health, is the strongest sewage of any on record in
Massachusetts. Its chief characteristic is the excessive
proportion of wastes from tanneries and allied industries,
including the wastes from gelatine and glue works and
hair-washing plants. The recent investigation showed
that the industrial wastes discharged into the sewers in
Peabody constituted about 71 per cent of the total flow
of sewage from that city in 1934, while in Salem it was
about 9 per cent of the flow. Judging from the informa-
tion obtained from the manufacturing establishments,
they were operating during the investigation about 54
per cent of their capacity.

The industrial wastes discharged from these industries
vary considerably from time to time because of the dif-
ferent changes in processes, but at the time of the recent
examination they were found to contain large quantities
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of suspended matter, including pieces of hide, hair, lime,
in the form of calcium carbonate, limited quantities of
caustic lime and fats, with various ingredients used in
tanning and dyeing. In accordance with the rules and
regulations promulgated by the Department of Public
Health, previous to the formation of the South Essex
Sewerage District, practically all of the industrial concerns
have installed settling tanks for settling the wastes prior
to their discharge into the sewers, but much suspended
matter escapes because of inadequate settling capacity
and poor operation. In consequence of the excessive
quantity of tannery wastes entering the sewers, the sewage
at the Salem-Peabody line and at the pumping station
contains excessive amounts of suspended matter.

Composite samples of the sewage were collected at the
Salem-Peabody line and at the Salem-Peabody pump-
ing station during the investigation of 1922, and the re-
sults of these analyses, together with the more recent
analyses, are contained in tables attached to this report.
During the 1922 investigations the Peabody sewage
samples were obtained at a point just above the Peabody
meter, in part by means of a pump which drew the sew-
age from below the flow line, but the samples at the Salem
pumping station were obtained by dipping from the sewer
at a point just above the screens, as was the case with
all of the recent samples up to October, 1934.

As indicated elsewhere, it is difficult to obtain samples
which are truly representative of the quantity of fatty
matter present, because some of these matters float on
the surface of the sewage. As a result, many of the
composite samples collected by the attendants at the
pumping station in Salem show excessive quantities of
fats, as these samples were taken by dipping from the
surface of the sewage.

On April 26, 1934, a skimming board was installed in
the manhole just above the pumping station at Salem,
which projects 4 feet into the 6-foot sewer or to a level
about 2 feet above the invert of the sewer. Judging
from the analyses of samples collected this year previous
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to the installation of the skimming board by dipping
the sewage from the sewer above the screen, the fats in
the sewage averaged 1,161 parts per million during the
day and 659 parts per million during the night, while
since the skimming board was installed the fats in the
samples collected up to October 24, 1934, averaged 127
parts per million during the day and 96 parts per million
during the night. Since October 24, 1934, composite
samples have been taken at the pumping station from a
tap on the force main after the sewage had been thoroughly
mixed by the pumps, and the fats in these samples have
averaged from a minimum of 34 to a maximum of 82
parts per million, with an average of 61 parts per million
during the day and 42 parts per million during the night.
This small amount of fat apparently is due largely to the
effect of the skimming board in the main sewer and in
part to the discharge of less fats from the various tan-
neries.

The yearly average analyses of samples of ten domestic
sewages collected from separate sewerage systems in the
State in 1933 showed a fat content of 97 parts per million.
Judging from the analyses of samples collected from the
tap in the force main at the Salem-Peabody pumping
station during the latter part of the recent investigation
the amount of fat escaping from this station is not now
excessive. However, certain samples have shown an ex-
cessive amount of fat, and some permanent form of me-
chanical skimming device is advisable.

The amount of organic matter present in the Salem
and Peabody sewage as represented by the albuminoid
ammonia determinations is considerably in excess of the
amount found in ordinary domestic sewage, while the
amount of suspended solids present in the Peabody sew-
age is about three times that found in ordinary domestic
sewage. The amount of suspended solids shown in the
analyses of the sewage collected at the Salem pumping
station is unreliable because the admixture of consider-
able quantities of salt water and brine interferes with the
weighing of solids. In addition to the regular analyses
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of sewage, considerable additional analytical information
is given in the portion of this report having to do with the
experimental work.

Samples have been collected for bacteriological ex-
amination of the sewage at Salem-Peabody pumping
station from time to time, beginning with 1924, and the
average of eleven samples, most of which were collected
in connection with this investigation, shows 553,000 bac-
teria per cubic centimeter of sewage when grown for 4
days at 20° C., while the 24-hour-37° counts have totaled
119,000 with 53,300 acid forming bacteria. The com-
parable figures for ordinary Lawrence domestic sewage
are 2,680,000, 328,000 and 218,000, respectively. These
results show that the combined sewage of Salem and
Peabody contains a relatively small number of bacteria
as compared with ordinary domestic sewage, apparently
because of the germicidal effect of certain industrial
wastes, such as lime and other chemicals which are dis-
charged into this sewer from the tanneries, and the dilu-
tion of the domestic sewage with the industrial wastes.
Biochemical oxygen demand determinations made in
connection with this sewage vary from 198 to 580 parts
per million, as against an average of about 225 parts for
ordinary domestic sewage.

Beverly Sewage.

The analyses of the sewage pumped at the Beverly
pumping station show that it contains somewhat less or-
ganic matter than is found in ordinary domestic sewage,
though the fatty matters present are about equal to the
amount of fats found in ordinary domestic sewage. This
sewage also has a lower chloride content than would be
expected in a sewer constructed near tidewater.

Removal of Grease, Salem-Peabody Pumping Station.
It was chiefly because of complaints of grease balls

deposited on the Beverly shores that the South Essex
Sewerage Board on April 26, 1934, placed a skimming
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board in a manhole just above the Salem pumping sta-
tion. This simple method of removing grease has been
quite effective, and the records kept show that the follow-
ing amounts of greasy matters have been removed from
the manhole by dipping since the skimming board was
installed:

1934. Cubic Yards.

May 40.6

June 4.2
July 11.8
August 42.3
September 20.3
October 32.6
November ........... 18.3

The South Essex Sewerage Board also has caused the
beaches along the Beverly shore west from West Beach
to the Beverly pumping station to be cleaned. The ma-
terials removed consisted of grease balls, garbage and
other debris, and amounted during the latter part of
April and the month of May to a total of 308 cubic yards.

Salem and Beverly Harbors and Their Estuaries.

The important estuaries of the Danvers River above
the Essex or Salem-Beverly bridge are the Bass River,
the Porter River, Crane River, Waters River, and the
North River. The watershed of these estuaries above
this bridge comprises about 30.45 square miles, and the
area of water surface at high water, grade 9, is about
751.5 acres. The Danvers River between Danversport
and the Essex bridge is the largest of the estuaries, and
has an area of 337.4 acres, while the North River, be-
tween the Salem-Peabody line and the Danvers River,
has an area of 108.2 acres. The aggregate area of water
surface at low water, grade 0, is only 240.2 acres, leav-
ing an area of exposed flats of 511.3 acres. It has been
estimated that the tidal prism between grade 0 and grade
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9 has a capacity of 226,000,000 cubic feet, and the stor-
age capacity below grade 0 is only 55,000,000 cubic
feet.

Pollution of Danvers River.
The cities of Salem, Beverly and Peabody adjacent

to these estuaries are provided with comprehensive sew-
erage systems from which most of the sewage is removed
by the South Essex Sewerage Works; but the town of
Danvers has not yet constructed a sewerage system, and
is the third largest town in the State without such a
system.

The first plan for a sewerage system for the town of
Danvers was prepared in 1915 and provided for the dis-
posal of the sewage by sand-filter beds, but the plan was
not adopted. Consideration also was given at that time
to the construction of a sewerage system with trickling
filters near tidewater, and also for disposing of the sew-
age into deep water somewhere near the then Salem-
Peabody outlet. This plan also was not adopted, and
one of the objects of the construction of the South Essex
Sewerage System was to provide a main sewer by means
of which the sewage from Danvers could be removed
to a suitable outlet.

The population of the town of Danvers has increased
steadily, as shown by every census, including,the recent
census made by Federal Emergency Relief Administra-
tion workers in 1934, which places the population at
13,619. The town has been provided with a public
water supply since 1876, and the soil conditions through-
out much of the town are not well adapted for the dis-
posal of sewage, with the result that at numerous places
cesspools overflow and sewage is discharged directly into
local waters. In connection with and since the construc-
tion of the main South Essex Sewerage System through
Danvers, several plans have been prepared for a compre-
hensive sewerage system in the town. The latest plan
proposed was approved by the Department of Public
Health, under date of March 31, 1930, and the desira-
bility of constructing a sewerage system has been brought
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to the attention of the authorities of Danvers on many
occasions by that department.

The recent investigation shows that the local water
courses in Danvers are polluted to such an extent as
to make their use for recreational purposes, including
bathing, dangerous to the public health; and during the
last two years the Department of Public Health, follow-
ing requests for advice, has found it necessary to recom-
mend against the development of three bathing places
because of the pollution resulting from the overflow of
cesspools, improper disposal of night soil, the direct dis-
charge of tannery wastes, and particularly the discharge
of sewage from the “Back Bay” sewer, so called. The
industrial wastes, amounting to from 125,000 to 400,000
gallons per day, from a large tannery located on the
Porter River in Danvers, and those amounting to 150,000
to 300,000 gallons per day from another large tannery
located near the Crane River in Danvers, are discharged
direct to these rivers, resulting in offensive conditions.
It is important in the protection of public health that
these wastes be removed with the sewage of the town
through the works of the South Essex Sewerage Sys-
tem. Another source of pollution of an estuary of the
Danvers River is the effluent from filter beds and cer-
tain wastes from a leather company plant located near
the south bank of the Waters River.

There are numerous small or private sewer outlets
along the north bank of the Danvers River in Danvers
and Beverly from the buildings located between the
main trunk sewer and the river. None of these results
in serious pollution of the river, but steps should be
taken, when a sewerage system is constructed in Danvers,
for the discharge of the domestic sewage from these
buildings into the main sewer, and provision should be
made as early as practicable in Beverly for properly dis-
posing of the sewage from such places in that city.

The assessment made by the South Essex Sewerage
District on the town of Danvers for its share in the con-
struction and maintenance costs of the South Essex
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Sewerage System amounted in 1933 to $56,896.67, the
apportionment for maintenance alone being $7,183.17,
for which the town of Danvers receives no value except-
ing for the removal of sewage from some twenty-one
houses located adjacent to the main Danvers trunk
sewer, where connections have been made, and from a
preparatory college. So far as the information avail-
able shows, there is no other municipality in this State,
except the town of Weymouth, which is provided with
a trunk sewer which has not been able to finance the
construction of a tributary system, and it is indeed un-
fortunate that the town of Danvers is unable to finance
a sewerage system for the protection of the public health
in that town.

Pollution of North River.
The North River in Peabody and Salem is by far the

most polluted of the various estuaries tributary to Bev-
erly Harbor, and in addition is the most seriously pol-
luted stream in Massachusetts. Many citations can be
made of statements regarding the offensive condition of
this stream. In the report of the Board of Sewerage
Commissioners of Salem, dated December 1, 1906, refer-
ring to the construction of the trunk sewer, the commis-
sioners stated;

We feel that the citizens of Salem are to be congratulated that at
last, after more than a quarter of a century of agitation and many
attempts to remedy the now historic North River nuisance, the end
is in sight.

The local board of health of Salem has mentioned the
condition of this river in many of its annual reports, and
the following excerpt is taken from its report of 1928;

. . . Compliance with statutory laws and regulations, combined with
full availance of the means now provided for the proper sanitary dis-
posal of sewage, should accord the relief and comfort so long sought
from what has been a serious blot on our civic life and a menace to
public health.
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Again the annual report of that board for 1929 makes
reference to promises made by the city officials of Pea-
body to correct the unsanitary conditions complained
of, and this report is ended with the following statement:

. . . Despite the attempts on the part of those in authority in our
neighboring city to minimize the condition of the North River, the
unsanitary condition which exists in this stream has not improved,
and our citizens are made to endure an unsanitary condition which
can be and should be corrected.

The report of the State Department of Public Health
for the year 1933 contains the following statement:

. . . This stream has shown more evidence of pollution than in any
year since sampling was begun, and the analyses of samples taken at
the mouth show that the river contained an average of 9,1 parts per
million of albuminoid ammonia, or more putresoible organic matter
than the sewage collected in many municipal sanitary sewerage
systems.

Attached are tables showing some of the analytical
determinations made, and which compare the condition
of the North River with that of certain other streams
in Massachusetts formerly notably polluted, and with
analyses of average domestic sewage collected from
various sanitary sewerage systems in the State. The
pollution in the other streams referred to has been such
as to result in litigation. An examination of these tables
will show that the water flowing in the North River at
its mouth contains as much and frequently more putres-
cible organic matter than domestic sewage.

This stream when examined by the Joint Board was
in an offensive condition from the Peabody-Salem line
to the bridge at North Street in Salem, and an offensive
odor characteristic of putrescible matter was noticeable
for some distance from the stream. The analyses of the
river water at the Peabody-Salem line and at the mouth
of the river in Salem, judging from numerous monthly
samples collected during the months of June to Novem-
ber, inclusive, show a marked increase in pollution since
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the extensive investigation of 1922, and that the amount
of putrescible organic matter in the water at the mouth
has in recent years been several times as much as that
found during the extensive 1922 investigation.

The North River is formed by the confluence of Gold-
thwaite and Proctor brooks at Peabody Square, and flows
through a channel, which is partly covered, to the Salem
line, which it reaches just below Howley Street. The
main tributary, Goldthwaite Brook, receives a consider-
able amount of pollution from a large gelatine plant
which consists of the overflow from the settling basins
and some yard drainage. This condition is due mainly
to the lack of capacity in the local sewer, and the amount
overflowing at times probably is a considerable portion
of the total waste from this large industry. The brook
also receives a very large volume of waste from a bleach-
ery, and, in addition, small quantities of waste from a
plant in which hair is washed during the periods when
the settling tanks at this plant are being cleaned. A
short distance above Foster Street the brook receives a
limited quantity of wastes from a concern handling
products used in finishing leather. It receives leakage
through a wall at a sheepskin tannery located on the
southerly side of Foster Street, about 250 feet above
Mason Street, and also leakage from the degreasing room
at a sheepskin tannery located north of Foster Street
opposite Mason Street. There are various potential
sources of pollution, such as the overflow from settling
tanks, sludge beds and yard drainage, which were not
active during the period of this investigation.

Proctor Brook was in a reasonably satisfactory condi-
tion during the investigation. There is a pipe line from
a large tannery located just south of Crowninshield
Street, from which heavy lime liquors have formerly
been discharged into the brook, but the outlet of this
pipe line was plugged during the period of this investi-
gation. Just above the confluence with Goldthwaite
Brook this brook formerly received floor drainage from
the press room at a tannery not now in operation.
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The unnamed brook which reaches the North River
at a point a short distance above Caller Street is pol-
luted at times by the discharge from an emergency over-
flow from a large tannery handling calfskins, but no
discharge was observed when the overflow was exam-
ined during this investigation.

Strongwater Brook, a tributary which enters the North
River a short distance below Caller Street, was practi-
cally dry at the time of the examination, and, with the
exception of a limited amount of waste from washing
barrels, there were no apparent sources of pollution of
this tributary during the investigation.

The North River in Peabody received throughout most
of the investigation practically all of the wastes from a
cowhide tannery located on Walnut Street a short dis-
tance below Central Street. Leakage from a sludge bed
at a sheepskin tannery located on the north side of Wal-
nut Street between Central and Wallis streets reaches
the North River, and all of the wastes from this tannery
enter the river when the sewer is of inadequate capacity.
This occurs at times of heavy storm. The river also
receives at times a very large quantity of heavy wastes
from a calfskin tannery located on the east bank of the
river just below Caller Street.

Near the Salem-Peabody line the North River receives
at times all of the tannery waste from a sheepskin tan-
nery located on its east bank. It also receives the oily
waste water from the engine room of a large sheepskin
tannery located opposite the Harmony Grove Cemetery
in Salem. The river on its south side, just above Bridge
Street, Salem, receives the continuous discharge of fatty
liquors and other wastes from a sheepskin tannery.

In addition to these discharges of foul industrial wastes
observed from time to time during the investigation
there is an outlet of a storm water drain in the North
River at a point just above North Street in Salem, through
which domestic sewage, and at times domestic sewage
mingled with storm water, is discharged into the river.

Judging from the rate of flow of the river and the
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results of the analyses of the samples collected during
this investigation at the mouth of the river, the putres-
cible organic matter as represented by the albuminoid
ammonia in the waters of this river amounted in the
months of June to November, inclusive, in 1934, to 73
pounds per day as against a total of 65 pounds per day
in the entire volume of domestic sewage from the city
of Fitchburg. The similar figure for the Danvers River
at the Kernwood bridge was only 2 pounds per day. All
the river samples in tidewater were collected on the ebb
tide.

Pollution of Salem and Beverly Harbors.
Salem and Beverly harbors include those arms of the

sea north and west of Marblehead, east of Salem and
south of Beverly. The examinations show that the
northerly shore of Marblehead is in a reasonably clean
condition, though there are eleven small sewers from
private houses entering tidewater along the Marblehead
peninsula easterly and southerly from Peach Point to
the Marblehead-Salem boundary line. While these small
outlets are generally submerged, the sewage creates ob-
jectionable conditions in the immediate vicinity of them,
but is not known to extend to any great distance.

A considerable portion of the shore of Palmer’s Cove
in Salem is used for dumping refuse, and the conditions
in the vicinity of these dumps have been the cause of
complaint in the past, but steps have recently been taken
to prevent the escape of floating materials from these
dumps. Limited quantities of tannery wastes are dis-
charged into the harbor from the foot of Blaney Street.
There also is an extensive dump in Collins Cove, but
little or no material has been found to escape from this
dump.

An examination of the Beverly shores shows that some
oil escapes from the Gulf Refining Company’s dock, due
to leaks in the retaining walls at this dock, and that
there are some twenty-six small private sewer outlets
and two privies along the Beverly shore. These outlets
are generally extended by means of cast-iron pipe to
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points below mean low water, and the recent examina-
tion failed to show the discharge of any considerable
quantity of sewage from any of these outlets. Two of
the outlets remove the sewage from more than a single
house, and steps should be taken for the proper disposal
of the sewage from all of these outlets. It also is desir-
able that the sewage from the institution on Cat Island,
the outlets at Bakers Island, and those along the north-
erly shore of Marblehead be extended to deeper water,
or provision be made for treating the sewage. The dis-
charge of sewage from these various outlets has no serious
effect upon the waters of Salem and Beverly harbors so
far as the scope of this investigation is concerned.

Effect of Pollution on Bathing and Recreational Uses.
During the past year a large tidal bathing pool was

constructed in Cat Cove, just east of the Salem sewage
pumping station at Salem Neck, and this pool now is
the most popular bathing place in the city of Salem.
The location of this pool is such that the overflow of
sewage from the trunk sewer at the Derby Street relief
gate could under certain conditions seriously pollute
this pool. The easterly and northerly parts of Salem
Neck also are used, to a considerable extent, for bathing,
and there are no important local sewer outlets in this
portion of the shore line.

The recent investigation showed that there are thir-
teen public bathing places along the Marblehead, Salem
and Beverly shores within the region covered by the
investigation, and in addition there are twenty-four
private beaches. This number includes a bathing place
on the westerly shore of Bakers Island and two small
bathing places on Great Misery Island which may at
times be affected by the sewage from the South Essex
Sewerage District. There are extensive bathing places
along the Beverly shore, the most important of which
are those at Dane Street and at West Beach in Beverly,
and there are many other smaller private bathing beaches
along this shore.
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It is difficult to make any estimate of the maximum
number of bathers using the various bathing places, but
during the warmest days of the past summer repre-
sentatives of the Joint Board have estimated upwards
of 10,000 at the public beaches and about 500 at the
private beaches.

The question of the safety of the waters along the
shores, particularly of Beverly, for bathing has been
raised on a number of occasions during the past few
years, and the Department of Public Health, after
examinations, has in every instance found that these
waters are not bacterially unsafe for bathing. That
department has recommended, however, that the public
beaches be inspected, and that foreign substances, such
as garbage and grease balls and other evidences of pol-
lution, be removed daily. During the investigation this
last summer an excessive amount of garbage was found
floating in the Danvers River and the inner part of
Beverly Harbor, which wa
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observations, communicatk
of health of the neighboring
that those boards use evei

the promiscuous dumping
waters.
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Many private boats are kept in the region of Salem
and Beverly harbors during the summer season, and
there is a considerable amount of sailing through the
waters receiving the sewage from the sewer outfall of
the South Essex Sewerage District. The racing course,
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however, is considerably to the east of the outfall,
though under certain wind conditions it is possible that
many of the boats have occasion to pass through the
sewage area, and this is necessarily so in the case of
many of the boats owned by residents of Beverly. There
are also eight ferry boats which ply between Salem,
Beverly, Marblehead and the islands off Salem and
Beverly harbors, many of which operate on regular
schedule, and the people using these boats have objected
to the conditions caused by the discharge of sewage
from the South Essex sewer outfall.

During the course of the recent investigation, 66
samples were collected for chemical analysis and 106
samples for bacteriological examination for the purpose
of showing the character of the water along the shores
of Marblehead, Beverly and Salem. The chemical
analyses show more evidence of pollution at the Salem
and Beverly bathing places than at many of the popular
bathing places about Boston Harbor and elsewhere
along the Massachusetts coast, while the bacteriological
examinations, on the contrary, have shown less evidence
of bacterial pollution, especially bacteria characteristic
of sewage, than at many of the popular seashore bathing
places in Massachusetts. However, there has been
considerable evidence of sewage at some of these bath-
ing places other than that shown by bacteriological
examination. The fact that the number of bacteria is
somewhat less than might be expected is probably due
to the inhibiting effect of certain industrial wastes in
the sewage of the South Essex Sewerage District, which
results generally in lower bacterial counts than in normal
domestic sewage.

Grease Balls.

A common form of pollution of the shores of Salem
and Beverly harbors, and the adjacent shores of Beverly
and Marblehead, is the large number of grease balls.
The presence of this polluted matter has been so serious
in the past as to result in a petition to the Legislature of
1932 for an investigation of the South Essex Sewerage
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District outfall, and this form of pollution has been
much discussed on a number of occasions at hearings
before the Legislature and elsewhere. Early in July,
1934, one complainant appearing before the Depart-
ment of Public Health relative to these conditions
stated that

You could have put one foot on a grease ball on every step .
. .

along the tide line. These grease balls have varied from the size of
a large marble to a cantaloupe.

The situation was so serious in April and May of this
year that 154 two-yard truck loads of grease balls,
garbage and other refuse were taken from the Beverly
shore. Analyses of some of these grease balls are shown
in the following table:
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These grease balls undoubtedly come from the out-
fall sewer of the South Essex Sewerage District, as the
analyses of the material in the grease balls show the
presence of tannery wastes and other constituents of the
sewage of this district. Moreover, there was no evidence
of any considerable amount of floating oil or greasy
matters other than from the outfall sewer.

The offensive conditions from grease and other sew-
age matters along the Beverly shores have caused the
owners of some of the estates along these shores to ap-
peal to the Board of Tax Appeals for a reduction in their
tax assessments.

The examinations have shown that the shores, both
of Beverly and Marblehead, contain substances charac-
teristic of sewage which make the use of these shore
lines offensive for bathing and for other recreational pur-
poses, and at a hearing held in Salem on November 13,
1934, much information was presented both from Bev-
erly and Marblehead residents indicating that the shores
of these two municipalities are not only offensive but
are in such a condition as to make bathing particularly
undesirable, and as to warrant local physicians in at-
tributing various infections and other maladies to the
pollution of these areas. Furthermore, the conditions,
particularly along the Beverly shores, have resulted,
according to information presented at the hearing above
mentioned, in a reduction in the assessed valuation of
the shore properties in Beverly of $4,000,000.

Effect of Pollution on Shellfish Industry.

In connection with the extensive shellfish investiga-
tion of 1925, the Department of Public Health prohibited
the taking of shellfish from Beverly Harbor, Collins
Cove, Danvers River and all estuaries tributary thereto,
in Salem, Beverly, Peabody and Danvers, inside or west
of a line drawn from Hospital Point in Beverly southerly
to Juniper Point at the easterly extremity of Salem Neck
and Salem Harbor, inside or west of a line drawn from
the said Juniper Point southerly to the northerly corner
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of Waterside Cemetery on the westerly shore of Marble-
head.

The outfall sewer of the South Essex Sewerage Dis-
trict is outside the area from which the taking of shell-
fish is prohibited, and, so far as is known, no shellfish
are taken from the deeper waters by dredging or other-
wise. It is a well-known fact that soft shell clams thrive
where limited quantities of sewage are present, and large
quantities of soft shell clams are available in the flats of
some parts of Salem and Beverly harbors, and particu-
larly in the estuaries forming the Danvers River.

There are some thirty-four outstanding permits issued
by the Supervisor of Marine Fisheries for taking soft
shell clams for bait in these areas, and the Supervisor
estimates that 250 to 300 bushels of clams are taken
per week for this purpose during six or seven months
of the year. The Supervisor also states that during the
last six months about 358 bushels of clams were taken
from this area to be purified by chlorine treatment, and
346 bushels have been taken for transplanting in clean
waters. This taking of clams from these areas presum-
ably is under adequate supervision to prevent the dis-
tribution of this food product to the markets before
proper treatment, or before being purified by transplant-
ing in clean waters.

Conditions affecting the Disposal of Sewage op
the South Essex Sewerage District through

an Outlet into the Sea.

The sewage from the Beverly pumping station is
pumped through a 30-inch cast-iron force main which
joins the 48-inch cast-iron outfall sewer from the Salem-
Peabody pumping station at Juniper Cove. From
this junction a 48-inch outfall sewer extends a distance
of 1,400 feet to Juniper Point, where it enlarges to a
54-inch outfall which extends 8,300 feet to a point of
discharge located about 1,800 feet east of the old Salem-
Peabody outlet at Great Haste Island. This 54-inch
cast-iron pipe is laid in a trench on concrete sills or pile
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foundation throughout its entire length, and, after
laying, the trench was backfilled. The outlet is in the
form of a special concrete casting which has a sub-
mergence of 30 feet at mean low tide, and which is so
designed as to discharge the sewage vertically. This
outlet is surrounded by rock fill and covered, except for
the opening, with heavy granite slabs.

The location of the present outfall for the sewage of
the South Essex Sewerage District was determined after
studies had been made as authorized under the provi-
sions of chapter 64 of the Resolves of 1923, the results
of which are printed as House Document No. 1300 of
the year 1924.

The tidal prism into which the sewage of the South
Essex Sewerage District is discharged has an area of
about 12.5 square miles at mean high water, and about
11.3 square miles at mean low water, with a capacity
of about 22,330,000,000 gallons. It is bounded on the
north by a residential district of high valuation in the
city of Beverly, on the east by Great Misery, Bakers
and other small islands, and on the west by Beverly
and Salem harbors and Salem Neck, and on the south
by Cat Island and Marblehead.

Float tests made at the time of the recent examina-
tion show that the disposal of sewage from the present
outlet is affected not only by tidal conditions but to a
considerable extent by wind conditions. The flow of
the tidal prism in and out of this area is chiefly through
the main ship channel passing south of Misery Island,
and in part through Cat Island Channel north of the
island of that name, and from Salem Harbor through
the South Channel thence between Marblehead Neck
and Cat Island, where it meets the off-shore currents
which flow in a northerly and southerly direction off
Bakers and Cat islands. The velocity of the flow of
this tidal basin averages about 0.33 of a mile per hour
at strength of current as compared with about 0.46 of a
mile per hour as measured by the United States Coast
and Geodetic Survey in the vicinity of Marblehead
Channel.
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Much time and study have been given during the
recent investigation to the determination of the effect of
the disposal of sewage from the present outlet upon the
tidal waters into which it discharges and upon the shores
adjacent thereto. In this connection float tests were
made to determine the course the sewage covers with
the movement of the tides, and a large number of samples
of sea water were collected for chemical analysis and
bacterial examination. The floats used in these tests
were constructed of hard pine of 3-foot and 4-foot
lengths, weighted and provided with fins in a manner to
reduce any unfavorable effect of tide and wind action to
a minimum. The locations of the floats were determined
by sextant readings at regular intervals after their release
over the sewer outlet.

Tables summarizing the results of these float tests
and those made previous to the recent investigation in
connection with this outlet, the old outlet and in con-
nection with other outfall sewers are appended to this
report.

The results of the recent float tests agree in general
with the results of previous tests made in connection
with the present outlet of the South Essex Sewerage
District, and show that, depending on the wind condi-
tions, the movement of the upper part of the tidal prism
from the point of discharge of the sewage varies on the
incoming tide over a period of three hours from about
0.10 mile per hour to 0.38 mile per hour, averaging 0.23
mile per hour. On the outgoing tide during this period
of time the flow has varied from 0.19 mile per hour to
0.35 mile per hour, and an average of 0.24 mile which
is about equal to the velocity of the flood flow.

The results of tests over three-hour periods made in
previous years in connection with the movement of the
water over the outlets of the South Essex Sewerage
District, Lynn, Gloucester and certain other places
have shown the following velocities:
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Average Velocity.
Ly nn: Miles per Hour.

Incoming tide 0. 46 to 0. 63

Gloucester:
Incoming tide 0.14
Outgoing tide 0.50

Nut Island:
Incoming and outgoing tide 0.23

New Bedford:
Incoming and outgoing tide 0.40 to 0.59

Swampscott;
Incoming and outgoing tide 0.18 to 0.22

South Essex Sewerage District:
Incoming tide 0.23
Outgoing tide 0.24

It will be seen from these results that the velocity of
movement of the tidal prism into which the sewage of
the South Essex Sewerage District is discharged is about
an average of the velocities found in connection with
other outfall sewers in this State. Assuming an average
velocity of 0.23 mile per hour and a tidal prism 1,000 1

feet wide, there would be available for dilution during
a period of three hours’ detention about 32.79 million
cubic feet, or about 50 parts of sea water to 1 part of
the sewage discharged during average maximum condi-
tions of sewage flow. Without allowing for purification
which takes place by dilution, sedimentation and oxida-
tion of the organic matter, due to chemical action and
the activity of micro-organisms, the free ammonia of the
sewage discharged would be reduced by the dilution of sea
water alone to about 0.7 of a part per million. Actually
the free ammonia in the sea water at floats three hours
away from the outfall sewer was found by tests made
during the recent examination to be about 0.46 part

1 Average width of sewage field as shown b;
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per million. This amount of free ammonia in the water,
however, is over 600 per cent greater than was found
in the sea water at the floats three hours away from the
Lynn and Gloucester sewer outlets.

The following table shows the amount of free and
albuminoid ammonia in the sea water at various dis-
tances from the outlet of the South Essex Sewerage Dis-
trict, together with similar information for the outlets
at Gloucester and Lynn:
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The depth of water at mean low tide over the South
Essex sewer outlet is 30 feet, at the Gloucester outlet,
32 feet, and over the Lynn outlet, 33 feet.

Throughout the tests the extent of the sewage field
was determined from the edge of the sleek area, and
these observations show that of the tests made on flood
tides the sleek area reached the Beverly shore on July 19,
1934, with a moderate northwest wind blowing; on
July 26, 1934, with a southeast wind blowing, on July
30, 1934, with an east wind blowing, on August 2, 1934,
with an east wind blowing; and on the ebb tide the
sleek area reached the shore on July 24, with an east
wind, on July 26 with a southeast wind, on August 2
with an east wind, on August 8 with an east wind, and
on August 9 with a south to southwest wind. During
some of the days on which these observations were made
the sewage field covered an area as great as 1,280 acres,
but in no case did a float reach any shore after having
been in the water less than three and one-half hours.
This length of time is nearly twice that which has been
found by tests made by the Department of Public Health
in connection with other deep-sea outlets to be sufficient
to permit a proper diffusion of ordinary sewage.

The sewage of the South Essex Sewerage District
contains large amounts of fats and objectionable floating
matter, such as hair and small particles of hide character-
istic of the wastes from tanneries. The recent examina-
tion in and about the Salem outfall sewer has shown
that a period of two and one-half to three hours is not
sufficient to prevent these matters from reaching the
shores, as examinations of the shores have shown grease
balls and other matters characteristic of this sewage
along much of the length of shores of the city of Beverly,
and, in some cases, along the Marblehead shores and on
the shores of Great Misery and Bakers islands. The
sewage from this district is not satisfactorily disposed of
in these waters under present conditions.

The results of the float tests made during the recent
investigation, and the results of the analyses of sea
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water collected in connection with these tests, would
indicate that a more satisfactory way of disposing of
the sewage through this outfall would be to discharge
the sewage through multiple outlets. An application of
the results of a study relative to the disposal of sewage
of the Los Angeles County Sanitation District in Cali-
fornia to the conditions existing in Salem Harbor would
indicate that by the discharge of the sewage through a
series of eight outlets located 18 to 20 feet apart in
deeper water, the sewage field could probably be reduced
from some 1,280 acres, as observed during the recent
investigation, to about 110 acres. Under such condi-
tions of disposal sewage probably would not reach the
shores of Salem and Beverly except under unusual wind
conditions, when grease balls and other objectionable
matter might be washed on to the shores. To prevent
any possibility of grease balls reaching the shores will
require some change other than the relocation of the
outfall or increasing the number of outlets, and will
necessitate the control and treatment of the industrial
wastes at their source, and the treatment of the sewage
by fine screening and sedimentation, with provision for
grease removal at the Salem-Peabody pumping station.

Industrial Wastes
One of the important and particularly time-consuming

portions of this investigation was the examination of the
large number of industrial plants from which foul wastes
are discharged into the Salem-Peabody trunk sewer and
the various estuaries of the Danvers River. All of the
tanneries and other industries in this district have been
visited by the Board’s representatives, and in most
instances samples of the wastes before and after treat-
ment, if any, have been collected, estimates have been
made of the quantity of wastes, and other information
obtained as to the probable capacity of the industry.
A summary of the information thus obtained is given in
the following table:
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Industrial Wastes, Peabody and Salem.

Peabody. Salem. Total.

54Number of industrial works examined 81
9Number of industrial works not in operation during

investigation.investigation.
Number of works examined engaged in handling

leather.
47 25

5,607 1,832 7,439Dozen skins handled during day of test .

Dozen skins handled at capacity of plants
Quantity of waste, day of test (aggregate gallons)

9,699 4,392 14,091

5,008,000 1 440,000 5,448,000

8,127,000 1,290,000 9,417,000Quantity of waste when plants running to capacity
(gallons).

Per cent capacity during tests 62 34

1,481,7002 103,250 1,584,950
24 44

Capacity of sedimentation basins when clean (aggre-
gate gallons).

Per cent full of sludge, day of examination

Averagehours’detention during period of tests (clean 4.0 3 1.9 3

tanks).
Average hours’ detention during period of tests as 3.0 3 1.1 3

actually operated.
Hours’detention implants running to capacity (clean 1.8 3 0.6 3

tanks).
Average per cent removal (suspended solids) . 41 4 36 4

Pounds of suspended solids in effluent to sewer, day 26,573 5 8,742 35,315
of test.

Poundsof fats in effluent to sewer, day of test . . 3,295 2,040 5,335

Of this amount approximately 1,300,000 gallons per day to river.
Omitting large earthen,basins of 770,000 gallons’ capacity at one tannery,

3 Assuming 10 hours per day flow in Peabody and 8 hours per day in Salem, and using
mly estimated flow to sewer.

4 Weighted figure based on flow times per centremoval for each plant
5 One large tannery contributes 34 per cent.

The foregoing table is similar to one which appears in
the special report of the Department of Public Health
to the Legislature of 1923, House Document No. 1175
of that year.

The total quantity of waste discharged from the vari-
ous industrial works in Peabody and Salem was estimated
at 3,915,000 gallons per day in the 1923 report, as against
a total during the recent investigation of 5,448,000
gallons per day. The quantity of waste discharged into
the sewer from the Peabody industries, judging from
the available information, was about 62 per cent of that
which would have been discharged were the various
plants running to capacity, while the quantity at Salem
was only about 34 per cent of the probable quantity if
the Salem industrial works were running to capacity.
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Some of the sedimentation basins in Peabody were found
to be practically full of sludge and some were reasonably
clean. An average of the conditions found wT ould indi-
cate that the basins in Peabody were about 24 per cent
full of sludge at the time of the examinations, and at
Salem they were about 44 per cent full, indicating a lack
of care in the proper maintenance of these basins. These
basins, according to the analyses, showed an average
removal of suspended solids in this investigation of 41
per cent in Peabody and 36 per cent in Salem as against
65 per cent and 33 per cent, respectively, for Peabody
and Salem as shown in the 1923 report, while the sus-
pended matter discharged into the sewer, judging from
the various composite samples, amounted to 35,315
pounds per day in this investigation as against 20,707
in the earlier investigation. The analyses also show a
discharge from the industries in the two municipalities
of about 5,335 pounds of fats per day.

There was no evidence of any attention to the cleaning
of the solid matter or sludge from the settling basins at
some of the tanneries, and efficient sedimentation is
prevented in a number of instances by the method of
discharging the wastes into the tanks which at times
stirs up considerable sediment and which eventually
escapes to the sewer. In a number of instances the
sludge removed from these settling tanks is deposited
close to the North River or its tributaries, and at times
considerable quantities of this objectionable matter
leach or are washed directly into the streams.

This whole question of sludge disposal in Salem and
Peabody is a problem of serious importance, but is one
primarily for the attention of the local boards of health.
More efficient sludge beds with methods of draining the
supernatant liquor into the sewer are desirable in many
instances.

Caustic Lime
In connection with the report of the Department of

Public Health on the Salem-Peabody sewerage question,
presented to the Legislature of 1923, reference was made
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to the caustic lime scale formation on the inside of the
main sewers due to the discharge of certain industrial
wastes. A method of removing caustic lime from in-
dustrial wastes by the use of flue gas was developed by
Mr. H. W. Clark, former chief chemist of the Department
of Public Health, assisted by Mr. G. O. Adams, assistant
chemist, and Mr. A. C. Bolde, assistant engineer in the
Department of Public Health. The process consists
essentially of utilizing flue gas from the stack of the
industrial plant involved, and after passing it through a
soot-removing apparatus and a cooler the gas is com-
pressed by means of a rotary pump and diffused generally
by means of perforated pipes or funnel-shaped orifices
through the wastes containing caustic lime.

The average flue gas contains from 7 per cent to 12
per cent of carbon dioxide, which combines with the cal-
cium hydroxide in the waste and forms calcium carbonate,
which readily precipitates and can be settled out before
the wastes are discharged into the sewer. This treatment
results in the removal of much of the substance, causing
a hard scale which sometimes amounted in previous
years to several inches in thickness on the inside of the
Peabody and Salem sewers and on the inside of the force
main. |The results of the analyses of samples collected
of the sewage at the Salem-Peabody pumping stations
show there has been a gradual reduction in the caustic
lime content during the last three years. The amount
present in the sewage during 1934 shown by the phenol-
phthalein titration has averaged 20 parts per million',
while the amount present in 1930 was 82 parts per
million.

As indicated elsewhere in this report, the South Essex
Sewerage Board has adopted a regulation prohibiting the
discharge of caustic lime into any portion of its sewerage
system, and as a result this scale formation is greatly
reduced, but still continues to a certain degree. Nine
carbonating plants have been constructed for the removal
of caustic lime and are now in successful operation.
Three of these plants should be enlarged and certain
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additional plants should be constructed, particularly at
four of the tanneries, in order to prevent the further
discharge into the sewerage system of caustic lime, the
removal of which is a particularly costly matter, and in
the case of the outfall sewer thorough cleaning is nearly
impossible.

Recovery of Grease at Tanneries.
The amount of grease or fats discharged from the

tanneries is much greater at those handling sheepskins
than at those handling cowhides or calfskins. Two
general methods of grease recovery are in use:

1. By dissolving the grease in kerosene.
2. By pressing the grease from the skins.
In the first method the sheepskins are placed in re-

volving drums with a heavy solution of kerosene and
brine. For the recovery of these ingredients the emul-
sion is passed through a distillation process, and the
kerosene and grease are distilled off, the kerosene thus
reclaimed and the brine may be used over again. The
grease is further refined and used in certain local processes
and sold for other purposes. In the second method the
sheepskins are placed in a solution of hot brine and then
placed in a hydraulic press. The fat liquors removed by
pressing are heated, the grease comes to the surface and
is removed, while the brine is made available for further
use.

The investigation indicated that the extracted grease
and solvent are being recovered in only one of the larger
plants. In the smaller plants the whole mixture of
grease and kerosene is generally discharged to the sewer
or river without any attempt at reclaiming. It may not
be economically practicable to recover such grease from
the smaller plants, and the final solution of this difficulty
will apparently be an arrangement by means of which
the grease and kerosene solvent can perhaps be collected
at a central treatment plant which could be constructed
at no great cost.

It is difficult to obtain accurate figures as to the value
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of grease recovered from the various tanneries. It ap-
parently is worth 2 to cents per pound as against
5 to 5| cents in 1928, and possibly slightly more, for
refined grease. Estimates indicate that an average of
1,100 gallons of kerosene and emulsified grease are dis-
charged daily to the sewers under normal operating con-
ditions in the various tanneries in the Salem-Peabody
tanning district. Under maximum operating conditions
these industries use as much as 4,000 gallons of kerosene
daily, all of which under adverse conditions would be
discharged to the sewers. The discharge of kerosene
from these industries is sufficient to impart a kerosene
odor to the entire body of sewage discharged from the
cities of Peabody and Salem, and a noticeable odor on
the Beverly shores.

The Danvers and Beverly main trunk sewer requires
no particular attention, but the cleaning of the Peabody
and Salem main trunk sewer always has been a trouble-
some undertaking. In connection with the study of
this situation in 1922 the desirability of frequent clean-
ing of this sewer was pointed out. Measurements made
at that time in connection with the Harmony Grove
Road section of the Salem-Peabody trunk sewer showed
that in two weeks after cleaning the accumulations had
caused a decrease in the carrying capacity of the sewer
of about 35 per cent. The cost of cleaning this trunk
sewer has been reported as follows:

Cleaning of Trunk Sewers

$13,938 73
17,649 20
18,083 18
15,124 29
14,435 22
14,905 09
14,979 74
10,043 55
10,600 14

1922
1923
1924
1925
1926
1927
1928
1929
1930

5.793 381931
4,699 281932
4,816 321933
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The very substantial decrease in the cost of cleaning
beginning in 1931 was effected largely by the increased
precipitation of lime from industrial wastes in Peabody
by the use of flue gas, and by changes in the methods of
cleaning under the direction of the engineer of the South
Essex Sewerage District. Figures are not available as to
the amount of material removed except during the last
three years, but the sludge removed during these years
is reported as follows

245 cubic yards
197 cubic yards
267 cubic yards

1931
1932
1933

The engineer of the South Essex Sewerage District
reports that about every three years it is necessary to
scrape the sides and tops of the sewers by hand to remove
the deposits of carbonate of lime. The material removed
from the sewers is now deposited on private farmlands
in the westerly part of the district, and the grease removed
from above the skimming board at the Salem pumping
station is buried in this locality. If satisfactory velocity
is maintained in the main Salem trunk sewer at all times
the cost of cleaning can doubtless be reduced considerably.

Experimental Work.
In connection with this investigation an experimental

plant was established on the right of way of the South
Essex Sewerage District a short distance above the
sewage pumping station near Cat Cove. This plant
consists of a small building housing pumping and air-
blowing equipment and two circular wooden tanks,
having effective capacities of 2,000 gallons and 400
gallons. The sewage pump, having a rated capacity of
100 gallons per minute, and blower used in the experi-
ments were loaned to the Joint Board. In carrying out
the experiments, sewage was pumped from the main
sewer at a point about one foot below the normal flow
line, and the piping arrangement was such that the tanks
can be used in parallel or in tandem. The location of
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the suction pipe made it impracticable to pump the
floating grease, and accordingly the amount of grease
and fats in the sewage used for experimental purposes
was considerably less than that in the sewage in the
trunk sewer. Air was diffused through the sewage at a
rate averaging about 0.18 cubic foot per gallon of sewage
by means of a filtros plate set in an iron box.

Experiments have been carried on with plain sedi-
mentation, using the fill and draw method in which a
period of quiescent sedimentation of 7 to 10 minutes was
allowed. Experiments were also carried on with aera-
tion, followed by sedimentation of 7-minute periods
each, and also by continuous flow with detention periods
as great as 37 minutes.

Briefly, the results of the plain sedimentation tests by
the fill and draw method show an average total removal
of fats of 57.9 per cent, or about 400 pounds per million
gallons of sewage treated. After the 7 minutes of settling,
the fats on the surface were removed by hand skimming.
The fats so removed were equal to 0.6 per cent of the
total fat in the sewage treated. Runs made with aera-
tion for 7 minutes, using about 0.18 cubic foot of air per
gallon of sewage followed by quiescent sedimentation of
7 minutes on a slightly stronger sewage, showed a removal
of fats of 57.3 per cent, or 425 pounds per million gallons.
The fats removed in this test by skimming were equal to
2.0 per cent of the total fats in the sewage treated.

Six continuous flow experiments, providing a period of
detention of 37 minutes and using a skimming baffle on
a still slightly stronger sewage, showed a removal of fats
of 54 per cent, or about 484 pounds per million gallons,
and a removal of about 54 per cent of suspended solids,
amounting to -2,840 pounds per million gallons, of sew-
age treated. Part of the suspended matters is floccu-
lent and very light, apparently more so than in ordinary
sewage: thus in continuous settling the tank and baffles
should be designed to prevent currents so far as prac-
ticable.

These experiments show that by plain sedimentation
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on the continuous flow principle a very considerable
portion of the fatty matters can be removed without
aeration, and the same is, of course, true of other sus-
pended matters which are not appreciably affected by
aeration.

An average of ten samples of sludge settling out
during various forms of sedimentation contained 16.2
per cent of fats and 52.6 per cent loss on ignition. A
number of miscellaneous experiments in which common
salt and chlorine were used were also carried out.

The experimental results are summarized in the fol-
lowing table:
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These experiments in general show that between 50
per cent and 60 per cent of the total fats present in the
sewage treated can be settled out with a detention period
equivalent to about 7 minutes of quiescent sedimenta-
tion. The disposal of sludge is a difficult problem, as
it was found to have a moisture content as high as 98.5
per cent. Certain preliminary results of tests on this
sludge have shown that a considerable portion of the fats
in the sludge can be removed by aeration, but funds
available in the resolve providing for this investigation
did not permit of a thorough and detailed study of this
problem.

Rules and Regulations relating to the Disposal
op Industrial Wastes through the Works op

the South Essex Sewerage District.
Chapter 312 of the Acts of 1904, which authorized an

outlet for the sewage of Peabody into the Salem trunk
sewer, provides in section 1 that the nature or quality of
the sewage to be discharged into the trunk sewer, both
in Salem and Peabody, shall be subject to regulation by
the State Board of Health. In accordance with the
provisions of that section, the State Board of Health
adopted regulations which provided that industrial
wastes shall first be treated by means of settling tanks,
screens, strainers, precipitants, filters, or by such other
means as shall from time to time be found necessary to
remove all solids in suspension that will not be carried
along by the minimum current in any part of the trunk
sewer, or which may, either alone or in combination with
other matter, tend to cause deposits in the sewer or be
injurious to the pumps. An informal opinion obtained
from the office of the Attorney General would indicate
that this act was repealed by the passage of the 1925
act establishing the South Essex Sewerage District.
The latter act, chapter 339 of the Acts of 1925, authorizes
the South Essex Sewerage Board to make regulations as
to the character of any sewage, drainage or other wastes
discharged into any sewer under its control or any sewer
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tributary thereto, and also to make regulations governing
the rate of discharge. Also, under section 10 of chapter
83 of the General Laws, the local authorities having charge
of sewers may make rules and regulations concerning the
discharge of any substance into the sewers which may
tend to interfere with the flow or proper operation of the
sewerage system, and under section 13 of said chapter
the Supreme Judicial Court and the Superior Court have
jurisdiction to restrain the unlawful use of common
sewers or the placing of materials therein or the violation
of regulations made under section 10.

Under chapter 339 of the Acts of 1925 the South Essex
Sewerage Board has made the following regulation rela-
tive to the discharge of caustic lime into its sewers:

No corporation, firm nor person shall discharge or cause or allow to
be discharged into any sewer under the control of the South Essex
Sewerage Board, or any sewer tributary thereto within the South
Essex Sewerage District, any sewage, drainage or other wastes con-
taining any caustic lime. Whoever violates this regulation shall be
punished by a fine not exceeding two hundred dollars for each offence.
This regulation may also be enforced through injunction or otherwise
by the Superior Court sitting in equity.

The above regulation on caustic lime, which apparently
is now in force, refers to the authority of the Superior
Court on this matter. Chapter 339 of the Acts of 1925,
organizing the South Essex Sewerage District, provides in
section 20 that “the Supreme Judicial Court shall have
jurisdiction in equity to enforce the provisions of this
act.” In order to determine the validity of regulations
under chapter 339, an opinion of the Attorney General
has been requested and the following letter from the
Attorney General, dated October 19, 1934, is quoted:

Replying to your letter of October 9 relative to the enforcement of
regulations made by the South Essex Sewerage Board under the pro-
visions of St. 1925, c. 339, § 14, let me say that, since no specific pro-
vision is made in said chapter 339 for the enforcement of such regula-
tions, I am of the opinion that the Supreme Judicial Court by virtue
of the jurisdiction given it by section 20 of said chapter 339, which
section 20 provides, among other things, that “The supreme judicial
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court shall have jurisdiction in equity to enforce the provisions of
this act,” has jurisdictionand authority to enforce such regulations.

However, the matter is ultimately one for judicial determination

In the consideration of the plans and report of Mr.
D. D. Eames, consulting engineer, of Boston, whose
services were engaged by the South Essex Sewerage
District previous to this investigation, the Department
in its communication to the South Essex Sewerage
Board of May 8, 1934, made the following recommenda-
tion :

. . . Under the provisions of chapter 339 of the Acts of 1925, an
act establishing the South Essex Sewerage District, your Board is
authorized to make regulations as to the character of wastes dis-
charged into any sewer under its control, and the Department recom-
mends that suitable regulations be adopted by your Board to prevent
the discharge of any considerable quantity of fatty matters into the
system. This probably can be done by the installation of scum boards
or skimming devices in connection with the settling tanks at the indus-
trial works from which considerable quantities of wastes containing
fatty matters are discharged into the sewerage system. . . .

So far as the information available shows, the South
Essex Sewerage Board has not adopted regulations rela-
tive to the removal of grease at the source.

It is difficult to obtain representative samples showing
the amount of grease or fats in samples of wastes because
this material generally floats on the surface. However,
analyses of samples obtained from various sheepskin
tanneries where wastes are discharged into the South
Essex sewerage system in Salem and Peabody show fats
in amounts varying from an average of about 1,800 parts
per million to a maximum of 10,000 parts per million,
while in one instance a sample of waste discharging into
the North River in Salem was found to contain fats
amounting to 117,400 parts per million. When one con-
siders that this amount of fat is by weight equivalent to
about 12 per cent of this latter waste, and that fat is
difficult of disposal because of its low specific gravity
and adheres to other matters which in combination may
clog the sewers or float for considerable distances after
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being discharged from the outfall sewer without decom-
position, it can readily be seen that a suitable regulation
should be promulgated by the South Essex Sewerage
Board covering this matter. Such a regulation might
read as follows:

No corporation, firm nor person shall discharge or cause or allow to
be discharged into any sewer under the control of the South Essex
Sewerage Board or any sewer tributary thereto within the South Essex
Sewerage District any sewage, drainage or other wastes containing
greasy or fatty matters in excess of 100 parts per million. This regu-
lation may be enforced through injunction or otherwise, by the Su-
preme Judicial Court sitting in equity.

In addition to the fatty matters discharged into the
sewerage system from the various tanneries in this dis-
trict, some oily substances are doubtless discharged into
the sewers from garages. Section 66 of the rules and
regulations of the Department of Public Safety governing
the storage of gasoline provides that no gasoline shall be
allowed to flow upon the floor of, or into the drainage
system of, a garage. In the Metropolitan Sewerage Dis-
trict traps are required for all garages and other estab-
lishments where gasoline is used, the outlet pipes of which
must have a water seal of not less than two feet and shall
be properly vented to prevent siphonage. These traps
are required to have a sump for catching sand which
shall be not less than two feet below the mouth of the
discharge pipe. The regulations for the Metropolitan
Sewerage District also provide that the traps or separators
must be kept in good condition and shall be cleaned
frequently.

In view of the apparent repeal of the provision of
section 1 of chapter 312 of the Acts of 1904, by the
enactment of chapter 339 of the Acts of 1925, it is recom-
mended that the rules and regulations of the South Essex
Sewerage District be revised to include the provisions
of earlier rules and regulations adopted by the State
Board of Health under chapter 312 of the Acts of 1904.
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Filling in the North River Canal and Construct-
ing a Pipe Line for Diverting the Surface
Water.

The resolve under which this investigation has been
carried out specifically requires that the Joint Board
“shall also consider, in consultation with the attorney
general, the advisability of filling in the North River
canal and constructing along the line thereof a pipe line
for the purpose only of carrying off the surface water
that now is discharged into said canal.” In accordance
with this part of the resolve, the Waterways Division of
the Department of Public Works has caused surveys in
the valley of the North River and designs to be made of
proposed conduits and pipe lines for carrying off the flow
of this stream and estimates of the probable cost of
constructing such works.

The North River above the North Street bridge in
Salem has a watershed area of about 11.59 square miles,
consisting of 1,677 acres of thickly settled districts and
5,748 acres of open country, and the flow from such areas
under maximum conditions of rainfall probably will
amount at times to as much as 618 cubic feet per second.
A part of this watershed is sewered, and during periods
of storm some of the run-off will enter the sewerage sys-
tems of Salem and Peabody. For purposes of design
it has been estimated that about 550 cubic feet per second
will have to be provided for in any system of conduits
and pipe lines wdiich might be constructed.

The act specifically refers to that part of the North
River known as the North River Canal, which is that
part of the river channel extending in a westerly direc-
tion from the North Street bridge a distance of approxi-
mately 4,300 feet. It is in this section that the recent
examination showed very objectionable conditions due
to accumulations of polluted matter resulting primarily
from the discharge of industrial wastes into this stream.
It also is in the vicinity of this portion of the river where
there have been many complaints from odors, and the



HOUSE —No. 1250. [Jan.76

»

covering of that section would undoubtedly assist in
reducing such complaints.

If the purpose of constructing pipe lines and conduits
and filling in sections of the river is to prevent pollution
of the stream, it would be necessary to construct an en-
closed waterway for this stream from the mouth of the
river to points above all industries, and to make it im-
possible for the entrance of any polluted matter. Such
diversion works would necessitate the construction of a
concrete reinforced conduit about 10 feet in width and
7 feet high from the North Street bridge to a point about
8,100 feet above this bridge. This conduit would follow
along the southerly side of the river throughout its en-
tire length to a point where the river is crossed by the
Boston & Maine Railroad between Beaver Street and
Harmony Grove Road, and from that point to Peabody
Square by a concrete conduit varying in cross section
from 77.5 square feet at the lower end to about 54 square
feet in Peabody Square, while the water of Proctor Brook
would be enclosed in pipe feet in diameter and the
water of Goldthwaite Brook in a pipe 4 feet in diameter.
It has been estimated that the cost of constructing the
lower 4,300 feet of the conduit and filling in the balance
of the stream would amount to $353,000, the section
between the end of this conduit and Peabody Square,
$239,000, and the two pipe lines in the city of Peabody,
$57,000, making the total cost of the entire project about
$649,000.

These estimates do not include either property or
consequential damages, which might be considerable, as
the owners of the various properties along this river
have riparian rights to the use of the water, and the
construction of these proposed works would deprive
them of such rights. (A report of the Attorney General
on this matter is included in this document.)

If this conduit and pipe lines are not constructed, it
would appear advisable, after the necessary legislation
has been set up, covering the removal of pollution in
the Danvers River and its tributaries, to dredge out the
deep deposits of putrescible organic matter in the North
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River between Wallis Street in Peabody and North
Street in Salem, a distance of about 8,100 feet, and re-
build certain timber bulkheads in Salem just above
North Street.

It has been estimated that the cost of dredging this
objectionable material would be about $40,000, and the
cost of reconstructing the timber bulkheads would be
about $95,000, making the total cost of this work about
$135,000.

Proposed Improvement of Danvers River and

Tributaries.
As indicated elsewhere in this report, the North River

for many years has been the most notoriously polluted
stream in the State, and because of this condition chap-
ter 221 of the Acts of 1901 was adopted to prevent the
pollution of this river in the cities of Salem and Peabody.
This act is one of the first pieces of corrective legislation
looking to the removal of river pollution to be enacted
in this State. It reads as follows:

Section 1. No person, firm or corporation shall discharge into
NorthRiver, so called, in Salem or Peabody, or into any canal through
which the waters of said river flow or pass, or into any of the tributaries
of said river or canal, any waste water or sewage containing flesh or
other solid animal matter from hides, skins, glue-stock, or from any
other materials used in any manufacturing industry, nor allow any
such waste water or sewage to come into said river or canal, or into
any tributary of said river or canal, from any land owned or occupied
by such person, firm or corporation, without first having removed
from said waste water or sewage all such flesh or solid animal matter,
not held in complete solution, by such method of treatment as shall be
sufficient to produce such effect or shall be and remain satisfactory
both to the board of health of the city of Salem and to the board of
health of the town of Peabody.

Section 2. Whoever violates any provision of section one of this
act shall be punished for each offence by a fine not exceeding one hun-
dred dollars or, by imprisonment not exceeding thirty days.

Section 3. Any court having jurisdiction in equity may, on appli-
ation either of the city of Salem or of the town of Peabody, issue an

injunction to prevent the violation of any provision of this act
Section 4. This act shall take effect on the first day of September

in the year nineteen hundred and one.
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It appears from the information available that there
have been only 15 successful prosecutions under this act,
of which 11 were tried in 1909, and 4 in 1921. All of
these cases were instituted by the board of health of the
city of Salem, and all but one related to pollution from
industries located in the city of Peabody. Much of the
pollution of the North River occurs within the limits of
the city of Peabody, but the most objectionable condi-
tions are within the city of Salem, where this stream has
its outlet. There are certain difficulties in the enforce-
ment of the act to prevent all of the present sources of
pollution of this stream, as the act cannot be used to
prevent the discharge into the North River of substances
in solution. The amount of organic matter in solution in
the river at the Salem-Peabody line is shown by analysis
to be as great or greater than that in solution in the
average domestic sewage.

Consideration was given in 1930 to the passage of a
drastic act, House Bill No. 564 of the Legislature of 1930,
enforceable by the Department of Public Health. This
bill was given “leave to withdraw” after a very extensive
legislative hearing. A somewhat similar bill, House Bill
No. 1008, presented to the Legislature of 1931, also was
not adopted.

Mandatory legislation enforceable by the State De-
partment of Public Health relative to river pollution
already has been adopted for the control of the Neponset,
Assabet and Aberjona rivers and Alewife Brook, and
none of these streams has ever been as seriously polluted
as the North River. The enforcement of this legislation
resulted in a decided improvement in these streams even
before sewerage systems were made available. These
special river pollution acts were adopted only after a
complete investigation of the rivers concerned, which,
as in the case at present, showed that the sources of
pollution could not be removed until drastic legislation
was provided. Similar legislation should be provided in
connection with the Danvers River and its estuaries,
especially the North River.
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Section 14 of chapter 339 of the Acts of 1925, under
which the South Essex Sewerage Board operates, pro-
vides that it shall prevent so far as practicable the dis-
charge into the sewers of substances which may cause
obstruction therein. It is obvious that this act has not
been enforced, and it is recommended not only that rules
and regulations for the prevention of the discharge of
grease into the sewers be promulgated by the South
Essex Sewerage Board, but that the said section 14 be
modified so as to provide that the South Essex Sewerage
Board shall have supervision over the settling tanks
through which the wastes from the various industrial
works in the district are discharged into its sewers.
There has been some question as to the method of en-
forcement of the rules and regulations, and in any change
in said chapter 339 the enforcement of the regulations
and of the authority of the South Essex Sewerage Board
in the operation of its system should be clearly defined.

The resolve under which this investigation has been
made may be considered to be divided into four parts;

1. The investigation of the condition of the Danvers
River and of the tidal waters of Salem and Beverly
harbors.

2. The determination of the necessary changes in the
methods of sewage disposal of the South Essex Sewerage
District.

3. The prevention of accumulations of grease on the
tidal waters and shores.

4. The advisability of filling in the North River
Channel.

So far as the condition of the waters of the Danvers
River and its tributaries is concerned, the investigation
shows that the North River is the most grossly polluted
stream in the State, containing generally more filth than
ordinary domestic sewage. The other estuaries of the
Danvers River also are seriously polluted with industrial
wastes and domestic sewage particularly in Danvers,

Summary.
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although throughout much of the course of this river its
pollution is of a lesser degree than that of the North
River. The waters of Salem and Beverly harbors are
seriously polluted with sewage matters from the South
Essex sewer outfall, and to such a degree as to make por-
tions of them undesirable for recreational uses. Much
complaint has been made relative to the pollution of the
Danvers River and its tributaries, and the pollution of
the shore line of Beverly, Salem and Marblehead. These
complaints, upon investigation, have not been found to
be unreasonable.

The sewerage system for Salem and Peabody as now
operated is inadequate for the needs for which it was
designed, and much sewage overflows into the North
River and into Salem Harbor from this trunk sewer.
Furthermore, the North River is very seriously polluted
with industrial wastes which should be removed in the
Salem-Peabody trunk sewer, and a sewerage system is
badly needed in the town of Danvers for the removal of
the sources of pollution of the tributaries of the Danvers
River in its vicinity.

The examinations have shown no evidence of grease
in the water of the Danvers River and its tributaries or
along its banks, excepting very limited quantities in the
Porter River near Liberty Street and in the North River
in Salem and Peabody. There is no evidence that any
of the grease discharged into the tidal estuaries of the
Danvers River has any material effect upon the Beverly
shore line. The grease balls and other sewage matters
found along the Beverly shore line are due to the dis-
charge from the Salem-Peabody outfall sewer.

The sewage collected in Peabody and Salem is par-
ticularly complex because of the presence of excessive
quantities of industrial wastes, and this sewage contains
excessive amounts of suspended matter and fatty sub-
stances. The excessive amount of fats is due to certain
processes at the sheepskin tanneries which were not in
use at the time of the previous investigation in 1923.
The results obtained by simple skimming of this sew-
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age at the Salem pumping station during the past sum-
mer have shown that much of the fatty matters can be
removed by this simple means, but it appears desirable
that regulations be adopted under which more suspended
matter and grease will be intercepted at the industrial
plants. The enforcement of regulations for removing
the grease cannot be relied on, and more substantial,
permanent, mechanically operated devices for grease re-
moval at the Salem-Peabody sewage pumping station
are necessary. It also is probable that multiple outlets
in an extension of the present outfall sewer will be re-
quired with the normal increase in recreational uses of
the tidal waters in this vicinity. So far as the construc-
tion of conduits and pipe lines in the North River is
concerned, the cost of which is considerable, it would
seem that this improvement might well be favorably
considered after legislation is adopted as herein recom-
mended for the purpose of preventing the pollution of
the Danvers River, and particularly the North River.

With a view to determining methods of treating the
sewage at the Salem-Peabody sewage pumping station,
experiments have been carried on as extensively as the
funds appropriated under this resolve have permitted.
The results of these experiments and other information
show the desirability of installing reasonably fine screens
in double units, and constructing clarifying basins by
means of which the floating fatty matters can readily
be removed by mechanical means, and by means of
which limited quantities of sludge which are found to
contain fatty substances also can be mechanically re-
moved and further treated for the removal of fats. The
cost of the construction and installation of the screens
and clarification chambers has been estimated at $264,000.
This apparent excessive cost is due to the amount of
ledge in the vicinity of the pumping station. In con-
nection with the design of these works further experi-
ments should be carried on, particularly with a view to
determining what portion of the entire body of sludge
should be removed, but the estimate given above is be-
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lieved to be adequate for permanent works at this
station.

As indicated elsewhere in this report, the sewage
pumped at the Beverly pumping station is normal
domestic sewage and does not contain excessive quan-
tities of fats. However, when the tanneries in Danvers
are connected with the sewerage system, it is possible
that simple skimming devices will be required at this
station.

One of the main difficulties in the operation of the
Salem-Peabody trunk sewer is that this sewer does not
have a free outlet, due largely to inadequate pumping
capacity at this station. The works for treatment of
the sewage can be designed to provide for storing lim-
ited quantities of sewage, and the entire works, includ-
ing a new and deeper pump well, should be so designed
that the normal flow line will be maintained at an ele-
vation of not more than one foot above the invert of
the trunk sewer as it enters the pumping station. The
design also should be such that the flow line during
periods of storm will not be more than three to four
feet above the invert of the sewer. This can be accom-
plished by adequate pumping machinery. The cost of
the necessary pump well and other structural changes
at the pumping station to accommodate the new pumps
is estimated at not more than $49,000.

Messrs. Jackson & Moreland, engineers, of Boston,
have been retained in connection with the pumping
problem at this station, and several changes have been
suggested by these engineers, viz.:

1. Motor-driven installation retaining present pumps
and installing new equipment for peak flows.

2. Motor-driven installation, using all new pumps.
3. Diesel-driven installation, using all new pumps.
The first cost of these three units is shown in a state-

ment attached to this report, together with a summary
table of the annual costs as prepared by Jackson &

Moreland. As a result of the study made by these en-
gineers, it is recommended that scheme 2, using new
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motor-driven pumps, be selected, and the engineers have
estimated the cost for this improvement at $62,000.

The money available under this resolve has not been
sufficient to provide for detailed designs of the neces-
sary equipment, particularly for treating the sludge, but
the total estimate of $375,000 which has been arrived
at with the assistance of Samuel M. Ellsworth, consult-
ing engineer, of Boston, for the reconstruction of the
Salem pumping station, the installation of adequate
pumping machinery, and the necessary treatment works
with a suitable pump well, is believed to be adequate,
and has been prepared for the purposes of securing the
legislative authority for the necessary expenditures. It
is not necessarily essential to provide all of the mechani-
cal equipment, particularly that for the removal of the
sludge in the clarifying basins in the beginning, and it
would seem important that further experiments be car-
ried out in connection with the sludge removal problem.

Under the act which establishes the South Essex Sew-
erage District the cost of construction and operation of
various portions of its system is assessed on portions of
the district, and under this act the cost of the new pumps
and other works at the Salem-Peabody pumping station
will presumably be assessed on the cities of Salem and
Peabody only. The removal of grease and solid matters
from the Salem and Peabody sewage should effect a
marked improvement on the Beverly shore line. The
question of assessing a portion of the cost of the treat-
ment works, other than the pump well and new pumps,
on the city of Beverly, might be given consideration.

Recommendations.
To correct the objectionable conditions found during

the recent investigation in the Danvers River and its
tributaries, particularly the North River, Salem and
Beverly harbors and their adjacent waters, it is recom-
mended

1. That a more suitable pump well and adequate
pumping equipment be provided in the Salem -Peabody
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pumping station so designed as to maintain a normal
flow line at an elevation approximately at the bottom
of the trunk sewer as it enters this station.

2. That works for reasonably fine screening and the
clarification of the Salem and Peabody sewage for the
removal of the fatty matters and the removal of certain
suspended matters be provided at the Salem-Peabody
pumping station, the works to be designed by an engi-
neer of experience in sewage disposal problems.

3. That legislation be enacted for the protection of
the public health in the vicinity of the Danvers River
and its tributaries, particularly the North River, the
legislation to be based on similar legislation adopted for
the improvement of the Neponset River, the Aberjona
River, Alewife Brook and the Assabet River, none of
which, before corrective legislation was adopted, were
polluted to such a serious extent as certain tributaries
of the Danvers River.

4. That regulations be adopted and enforced by the
South Essex Sewerage Board providing for more ade-
quate treatment of the industrial wastes at the various
industries so as to remove suspended matters not readily
carried along in the main sewer, and particularly so as
to remove the fatty matters.

5. That a sewerage system be constructed in the town
of Danvers at the earliest practicable date.

6. That consideration be given to the construction at
a later date of multiple outlets in an extension of the
present outfall sewer of the South Essex Sewerage Dis-
trict.

7. That the South Essex Sewerage Board consider the
question of legislation to provide for the examination
and more adequate control of the settling tanks and
other treatment works at the various industrial estab-
lishments in the district, and also legislation for the
clarification of certain portions of the act under which
it is established, especially relative to the enforcement
of its regulations.

Drafts of legislation to provide for financing the neces-
sary works at the Salem-Peabody pumping station, and
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to correct the pollution of the Danvers River and its
tributaries, are made a part of this report.

The sanitary surveys and investigations of Salem and
Beverly harbors and adjacent shores, together with the
preparation of plans during the investigation, were car-
ried out under the immediate supervision of Mr. Willard
S. Little, an assistant engineer in the office of the De-
partment of Public Health. The experimental work and
investigations relative to the amount and character of
the manufacturing wastes discharged into the sewerage
system and into the Danvers River and its tributaries
were made under the direction of Mr. Abraham C.
Bolde assisted by Mr. Theodore N. Rimbach. The sur-
veys made in connection with filling in the North River
and constructing conduits and pipe lines along the river
were under the immediate supervision of Mr. Charles J.
O’Donnell, an assistant engineer in the Division of
Waterways of the Department of Public Works. Ac-
knowledgment also is made of the assistance rendered
by the reports of D. D. Eames, consulting engineer,
Boston, and by the kind assistance of the district engi-
neer of the South Essex Sewerage District and the city
engineers of Salem, Peabody and Beverly.

Respectfully submitted

ARTHUR D. WESTON,
Chief Engineer, Department of Public Health.

EDWARD WRIGHT
Sanitary Engineer, Department of Public Health.

GEORGE 0. ADAMS,

Chief of Laboratory, Lawrence Experiment Station
Department of Public Health

FRANCIS L. SELLEW,
District Waterways Engineer, Department of Public Works.
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Gloucester Harbor.
Outfall Sewer.

Outgoing Tide, June 6, 1929.
[Wind moderate southeast. Float released at high water.]

Analysis of Sea Water collected at

Hours Velocity F,.o AT Location.

MOut/ali m pe
n
rHour parts per million. I Total

F
Qutfan

6r “T P-TOI Keiease. Free Albuminoid 4 Days atAmmonia. Ammonia. 20° C.

0 0 0 . 230 .120 3,200

y2 .15 .30 .040 .130 130
1 .31 .31 .045 .170 2,600

V/ 2 .54 .36 .045 .150 300
2 . 81 .40 . 045 .105 1,600

2V 2 1.06 .42 .040 .170 1,100

3 1.30 .43 .035 .210 540
1.44 .41 .130 .195 600

Incoming Tide, June 12, 1929.
[Wind west-southwest, strong. Float released at low tide.]

0 0 0 .450 .370 17,000
y2 .02 .04 .140 .280 450

1 .10 .10 .090 .185 70
1y .19 .13 .060 .140 40

2 .24 .12 .060 .245 25

2y2 .29 .11 .035 .130 35
3 .43 .14 .095 .220 110

3x/ 2 .53 .15 .040 .170 25
4 .60 .15 .025 .165 45

5 .65 .13 .045 .215 60
6 .70 .11 .035 .195 75
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Lynn Harbor.
Outfall Sbwee.

Incoming Tide, May 14, 1929.
[Wind"— strong southeast. Float released at low water.

Analysis of Sea Water collected atFloat Location.
Hours Average
Hours Velocityelapsed after Miles from in Miles

liwn™. Outfall. per HourFloat Oyer t?om T;outfall ' of Release.

PARTS PER MILLION. Total
Bacteria
per c.c.Free Albuminoid 4 Days at

Ammonia. Ammonia. 20° C.

0 0 700 310 8,0000

11 220 400130

130 14053 53 070

n 48 135135

1.08 090.54 095 110

1.45 ,58 115 40100

3 1.91 .090 9063 ,060

Incoming Tide June 3, 1929.
[Wind moderate southeast Float released at low water

1.390 51,000
.435 880

0 0 2.0000

15 425,30

1

1 1/
.47 47 280 ,275 200

,055 130 930,87 58

1.04 .52 ,080 120 20

1.19 47 120 30

3 1.38 ,070 155 5046

1.51 05043 120 40

4

4

401.61 190

1.68 .045 150 50
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Salem and Beverly Harbors.
South Essex Outfai

Incoming Tide, June 27, 1929.
Wind north\yest. Low tide 10 a.m. Floatreleased 10 a.m. Quantity of sewage discharged.

12.56 million gallons.]

Analysis of Sea Water collected at
Float Location.

tt
AverageHours Veloritvlapsed after Mileg fromreleasing Outfall. per HourFloat Over from Time°utfalL of Release.

0 0 0
y2 .04 .08

PARTS PER MILLION. Total
Bacteria
per c.c.

Free Albuminoid 4 Days at
Ammonia. Ammonia. 20° C.

42,000

2,800

2,700.09
,15

.24

1
1H
2

.09

3,200.23

2,600,48

2,400

1,100,28

.29

.30

.29

.28

843

2,1001.0PA

1,9001.24
1,6001.34H
1,8001.4

5.1 1.5

1 None collected.
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Salem and Beverly Harbors Continued.
South Essex Outfall Continued.

Outgoing Tide, July 2, 1929.
Wind northwest. Low tide 12.15 p.m. Float released 9.15 a.m. Quantity of sewage dis-

charged, 13.29 million gallons.!

Analysis of Sea Water collected at
Float Location.Average *loat location.

Hours Velocity j -

6
releasing iit, pasts per million. Total

FloatOver outfall- Bacteria
Ua ' of Release- Free Albuminoid IDays^t

Ammonia. Ammonia. 20° C.

0 0 0 -i 22,000

V 2 .16 .32 - - 1,400

1 .32 .32 - - 3,600

1H -58 .38 - - 5,100

2 .81 .40 I - 5,800

2Vi .96 .38 ! - 5,100

3 1.20 .40 - - 2,100

3H 1-50 .41 - - 1,500
4 1.60 .41 - - 4,800

Incoming Tide, July 2, 1929.

0 0 0 -'-' 240,000

A -
- 3,700

1 2,400

1A - - - - 2,300
2 1,300
2A ' .72 .29 - - 1,500

1 None collected.
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Salem and Beverly Harbors Continued.
South Essex Outfall Continued.

Incoming Tide, July 17, 1934■
Float No. 1A

[Wind strong northwest. High tide 2.50 p.m. Low tide 8.45 a.m. Float released 8.30 a.m,
Quantity of sewage discharged, 10.81 million gallon!

Analysis of Sea Water collected atFloat Location.
Hours Avenge ruoxx r.ocATI o..

6SS|? “outlet0111
per Hour PABTS PER MILLION'

Flo°u^uver "ir p-"a
01 Kelease. Free Albuminoid 4 Days atAmmonia. Ammonia. 20° C.

0 0 0 1.840 . 270 105,200

M .19 . 38 .620 .130 3,000

1 .36 .36 .510 .210 430
VA .46 .30
2 .52 .26 .305 .155 90
VA
3 .59 .20 .300 .195 110

3H
4 ,84 .21 .315 .120 30
4'A
5 1.10 .22 .170 .110 120

Float No. 18.
[Float released 12.30 p.m.]

0 0 0 12.400 2.600 116,000

'A .32 . 64 2.720 . 640 9,600

1 .50 .50 .825 .165 5,300

1H .97 . 64 2.400 . 365 680

Incoming Tide, July 18, 1934.
Float No. 2A.

[Wind strong northwest. High tide 3.35 p.m. Low tide 9.24 a.m. Float released 9.15 a.m,
Quantity of sewage discharged, 13.29 million gallons.]

0 0 0 3.840 . 605 160,000

.07 .14 .700 .220 12,000

1 .18 .18 . 460 .100 3,600

1H .25 .17 .380 .115 1,900

3 .35 .12 1.100 .160 6,100

3H .45 .13 . 600 . 095 2,500
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Salem and Beverly Harbors Continued.
South Essex Outfall — Continued.

Incoming Tide, July 19, 1934.
Float No. 3A

[Wind moderate northwest to strong west. High tide 4.22 p.m. Low tide, 10.12 a.m
Float released 10 a.m. Quantity of sewage discharged, 9.89 million gallons.]

Analysis of Sea Water collected at

Hours Average Location.
elapsed after .... f

~

MoaTover 0"“ P- Hour I PEH “n. Total
n„ffQii from Time .oactena

of Release Per cc-e‘ Free Albuminoid 4 Days at
Ammonia. Ammonia. 20° C.

:

0 O o 6.500 . 675 11,000

M .14 .28 .600 .115 3,300
2 1.10 j .55 .160 .040 4,800

Outgoing and Incoming Tide, July 23, 19:
Float N

[Wind south-southeast. High tide 7.48 a.m. Low tide 1.42 p.m. Float released 10 a.m.
Quantity of sewage discharged, 10.02 million gallor

0 4.500 1.640

09 ,070200

3 140 ,095

3j 100 095

4
4’

20 140 145

86 19 .060 .095

18 110

1.10 .095,200

Nc ollected.

Outgoing Tide, July 24, 1934.
Float No. 5A

[Wind strong east and southeast. High tide 8.47 a.m. Low tide 2.50 p.m. Float released
10 a.m. Quantity of sewage discharged, 10.29 million gallons.]

0 5000 485 370,000

43 750 140 1,800
3 74 660 110 1,600

1.20 32A 460 110 560
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Salem and Beverly Harbors Continued.
South Essex Outfall Continued.

Incoming and Outgoing Tide, July 26, 1934
Float N

[Wind south-southeast-southwest. High tide 10.40 a.m. Low tide 4.40 p.m. Float re-
leased 8.45 a.m. Quantity of sewage discharged, 12.5 million gallons.]

Analysis of Sea Water collected atFloat Location.
Hours Average
.nouns v, ,

elapsed after Ari ( .
releasing Miles from in Miles

Float Over outlet ' Per Hour
Outfall. Horn Time

of Kelease.

PARTS PER MILLION. Total
Bacteria
per c.c.Free Albuminoid 4 Days atAmmonia. Ammonia. 20° C.

0 1.600 . 300 43,000

.46 . 660 .120 52,000

.36 .320 .110 2,400

.35 .260 .085 3,100

32 .280 .080 120
,29 .200 .085 7,400

0 0

23

VA
2Vo

48

88

SH
6

1.20

1.70

Incoming Tide . July 30 , 1934.
Float No.

[Wind strong east. High tide 2.18 p.m. Low tide 7.49 a.m. Float released 9 a.m. Quantity
of sewage discharged, 9.61 million gallons.]

0
9.9

0 1.800 . 275 I 340,0000

660 .130I 44 .660 .130 5,600

43 . 560 . 230 2,2001 43

,54 .700 .125 2,000V/ .81

46 . 460 .135 2,800.93

44 .420 .180 1,0001.10

43 .340 .110 1,6003
3A
4

1.30

43 . 360 .115 5.6001.50

44 .360 .105 1.7502.20
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Salem and Beverly Harbors Continued.
louth Essex Outfall Continued.

Incoming Tide, August 1, 193.
Float No.

(Wind moderate northwest. High tide 3.53 p.m. Low tide 9.30 a.m. Float released
10.25 a.m. Quantity of sewage discharged, 10.05 million gallons.)

Analysis of Sea Water collected at
Float Locatic

uniirs
Average

Miles from toMßlesFloaTovlr outle‘- P-Hour
outfall' SfßetaS,8

parts per million. Total
Bacteria
per c.c.

Free Albuminoid 4 Days at
Ammonia. Ammonia. 20° C.

40,00000 0 2.700

17 265 18,00034 640

24058 105 40

2V 14028,69 110 2304

.095 503 .87 29 180

3H
4

93 180

98 24

4 1.30 1,500120 20029

Outgoing Tide,
August 2, 1934.

Float No. 9.
[Wind strong east. High tide 4.22 p.m. Low tide 10.23 a.m. Float released 8.30 a.m. Quan-

tity of sewage discharged, 10.50 million gallons.]

0

1'A

2'A

0

Vl

1

VA
2'A
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Salem and Beverly Harbors Continued.
South Essex Outfall Continued.

Outgoing Tide, August 6, 1934-
Float ATo. 10A

[Wind northwest. High tide 8.21 a.m. Low tide, 2.14 p.m. Float released 11 a.m. Quan-
tity of sewage discharged, 9.28 million gallons.

Analysis of Sea Water collected at
. Float Location.

, Hours $3S£
0

releasing parts pek million. Total
FloatOver Outlet. P-Hmm Bacteria
“3 ' of Release. Free. Albuminoid 4 Days at

Ammonia. Ammonia. 20° C.

0 0 0 13.200 4.480 190,000

1 % .43 . 25 . 560 . 300 18,000

2U .48 .19 .460 .215 6,500

Outgoing Tide, August 8, 1934-
Float No. 11A {Small)

[Wind east. High tide 9.53 a.m. Low tide 3.42 p.m. Float released 11.30 a.m. Quantit;
age discharged, 9.17 million gallon

1.120 110,000

.500 8,500
4.1600 00

,52011,05

480 7,0001.5201

2008002346

110 4501.000,54

110 6001.04023SH
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Salem and Beverly Harbors Concluded
South Essex Outfall Concluded.

Outgoing Tide, August 9, 1934-.
Float ATo. 12 {Large).

Wind strong south and southwest. High tide 10.33 a.m. Low tide 4.25 p.m. Float re-
leased 11.05 a.m. Quantity of sewage discharged, 9.08 million gallons.!

Analysis of Sea Water collected at
Float Location

TTm,™ Average

elaPSs ne
er Miles from iif Miles

Outfall.
outfall ' of Release.

PARTS PER MILLION. Total
Bacteria
per c.c.

Free Albuminoid 4 Days at
Ammonia. Ammonia. 20° C.

0 0 7.360 2.480 290,000

.470 3,200

0

14 16 1.880

1 30 115 6,50030 .645

IH 58 125 3,00033 ,405

1.00 34540 100 I 200

3 .401.20 105 12,000460

3H 1.60 46 105 1,100.440

Float No. 12 ( Small)

0 0 0 360 480 290,000

14 470 3,2001.880

1 26 495 165 7,50026

.61 18030 .085 500

214 3075 100 180200

3 97 ,050 250100

3M 1.40 .40 .300 130 480
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Velocity of Currents in Tidal Prisms as shown by Release of
Floats over Sewer Outfalls,

Average Velocity
(Miles per Hour).

OutfallYear,
Incoming Outgoing

Tide. Tide.

Salem-Peabody1915
1915 Swampscott

Nut Island

New Bedford
Lynn

1915

1915

1915

Proposed South Essex outfal
Lynn

....

1924

1929

Gloucester
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex
South Essex

1929

1929

1931

1934

1934

1934

1934

1934

1934

1934

1934

1934

1934

South Ei1934

South Essex
South Essex
South Essex
South Essex

1934

1934

1934

1934
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Jackson & Moreland, Engineers,
Boston, November 26, 1934.

To the Joint Board for the Investigation of the Sewage Problem in the
South Essex Sewerage District, Henry D. Chadwick, M.D.,
Chairman, Room 546, State House, Boston, Mass

Gentlemen:—In accordance with the authorization con-
tained in your letter to Jackson & Moreland, engineers, dated
October 9, 1934, we are transmitting our report on “Pumping
Equipment Required for Salem Pumping Station, South Essex
Sewerage District, Salem, Massachusetts.”

You will note that, as between electric and Diesel drive, we
find no material economic or operating advantage for one over
the other; although we consider the former as more conserva-
tive. We find, further, that all new motor-driven pumping
equipment will result in little more annual cost than a scheme
in which the four existing pumps would be rehabilitated and
retained to take the place of one of the two emergency pump-
ing units proposed for the all new motor-driven installation.
However, the scheme to use existing pumps is the more flexible
of the two because of the larger number of units which would
be available.

It should be noted that the use of present pumps is contin-
gent upon ability to develop proper screening for the existing
pumps, and it is contingent upon the immediate cleaning of
the outfall main to remove accumulated incrustation, both
of which should be practicable. If you should desire to adopt
this motor-driven plan, it would be well to undertake cleaning
of the outfall before finally specifying the pump equipment
in order that the specifications may be written in the light of
definite knowledge on the friction loss in the main when clean.
In fact, as stated in the report, it would be good policy to im-
mediately clean the outfall, whatever the scheme adopted, al-
though our estimates provide for immediate cleaning only in
connection with present pumps. The extra allowance for im-
mediate cleaning is only $l,OOO.

EXCERPTS FROM REPORT OF JACKSON &

MORELAND, ENGINEERS.
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1

If motor drive is to be adopted, a final draft of the proposed
purchased power contract should be obtained before making
the commitment. Besides the power rate schedule proposed
for this service, such a contract should provide for satisfactory
protection against excessive minimum charges, for reasonable
duplication of the power service, and for freedom to subse-
quently elect a more advantageous rate if such a rate applicable
to similar service should become available elsewhere in the
power company’s territory. We have discussed some of these
points with the power company’s representative, and we under-
stand that they are working out a draft which should be satis-
factory.

We have already discussed our conclusions in a preliminary
way with Mr. Arthur D. Weston and Mr. Edward Wright of
the Department of Public Health, and we believe we have
presented in this report the facts desired from us in this sit-
uation.

Very truly yours,

JACKSON & MORELAND.
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INVESTMENT ESTIMATE

Scheme I.

Motor-driven Installation, retaining Present Pumps to sup-
plement New Equipment on Extreme

Cleaning 54-inch outfall 54,000

New efficient low head pumping:
Pump, say 18"/16" size
Motor, say 150 h.p., 3 speeds, and control
Remote operated valve and piping .

Electric wiring
Installation labor for above
Foundation material and labor .

Miscellaneous material and labor

New high head pumping:
Pump, say 30"/24" size
Motor, say 750 h.p., slip ring, and control
Remote operated valve and piping .

Electric wiring
Installation labor for above
Foundation material and labor .

Miscellaneous materia! and labor

Rehabilitation and auxiliaries
New impellers and repairs to present pumps .

Suction extensions for present pumps
Special screen investment to protect present

pumps in excess of screening otherwise
required 4,000

Rehabilitating electric installation 2,000
Improving priming facilities 2,000

11,500

$45,600
Contingencies, incidentals, supervii

tion overhead .

n and other construc-no:
5,000

$50,600
Engineerin 3,000

$53,600

153,000)(Say

$2,500
1,000
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Scheme 11.
Motor-driven Installation, using All New Pumps,

Present value of future initial cleaning of 54-inch outfall, say $3,000

New efficient low head pumping:
Same as for Scheme I 11,500

New high head pumping:
2 pumps, say 30"/24" size $9,000
2 motors, say 600 h.p. each, slip ring, and

control 12,000
Remote operated valves and piping . . . 7,200
Electric wiring 2,000
Installation labor for above .... 2,400
Foundation material and labor .... 1,600
Miscellaneous material and labor .

. . 500
34,700

Auxiliaries;
Electric sendee changes $l,OOO
Improving priming facilities .... 2,000

3,000

$52,200
Contingencies, incidentals, supervision and other construc-

tion overhead 7,000

$59,200
Engineering 3,000

$62,200

(Say $62,000)
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Scheme 111.
Diesel-deiven Installation, using All New Pumps.

Present value of future initial cleaning of 54-inch outfall, say ! $3,000

Pump equipment;
1 pump for low head, say 18"/16" size
2 pumps for high head, say 30"/24" size
Remote operated valves and piping
Couplings
Installation labor for above
Miscellaneous material and labor

Engine equipment:
3 cylinder and

cylinder engines
Say 1 150 h.p., 400 r.p.m.

2 550 h.p., 600 r.p.m., 6
erected in place

Foundation material and labor for engines
and pumps 7,000

55,500
Auxiliaries;

Radiators, fans, ducts and circulating pumps . $2,900
Fuel oil service pumps and day tanks . . 500
Starting compressors (2) and tanks . . . 600
Mufflers 900
Fuel oil storage (10,000 gallons) . .

. 3,000
Instruments 300
Piping 1,000

J

Priming system 2,000
Installation material and labor (included in

above)
Miscellaneous material and labor . . 1,000

V

12,200

$94,100
Contingencies, incidentals, supervision and other construc-

tion overhead 9,000

$103,100
Engineering 6,000

$109,100

(Say $109,000

$48,500
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Summaby of Annual Costs.

Motor-Driven
Installation.

Diesel-Driven
Present All Installation.

Pumps as 4. New
Supplement. PumPB '

Scheme I. Scheme 11. Scheme 111

Pump room attendance . . . $7,000 $7,000 $7,500
Fuel for pumping . t ... . - - 2 400
Fuel for heating 200 200
Purchased power 11,100 11,400 300
Lubricating oil and supplies . . 200 200 500
Maintenance and repairs ... 700 500 1,600
Periodic outfall cleaning average, say . 600 300 300

$19,800 $19,600 $12,600
Interest and taxes 6K£per cent . . 3,450 4,030 7,090

Depreciation 870 1 1,020 1 3.730 2

Total $24,120 $24,650 $23,420

1 25-year life. 2 i7_year life.
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In the Year One Thousand Nine Hundred and Thirty-Five.

An Act to provide for the Protection of the Public Health
and Convenience in the Vicinity of the Cities of Salem,
Peabody, Beverly and the Town of Danvers.

Be it enacted by the Senate and House oj Repre-
sentatives in General Court assembled, and by the
authority of the same, as follows:

1 Section 1. The is hereby authorized and
2 directed to prohibit the entrance or discharge of
3 sewage into any part of the North river, the Bass river
4 and the Danvers river and their tributaries, and to
5 prevent the entrance or discharge therein of every
6 other substance which may in itself or in combination
7 with other substances be injurious to the public health
8 or tend to create a public nuisance.

1 Section 2. The said shall consult and
2 advise with the owner of any factory or other estab-
-3 lishment or any municipality discharging any sub-
-4 stance into the said rivers or tributaries, at his or its
5 request or on motion of the said , as to the
6 best practicable and reasonably available means of
7 rendering harmless any sewage, waste or refuse so
8 discharged, in case a municipal sewer is not available.
9 Any finding by the said of compliance or non-

PROPOSED LEGISLATION.

Ct)e Commontoealtl) of e@assactnisetw
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10 compliance with any order under section one shall be
11 prima facie evidence of such compliance or non-
-12 compliance.

1 Section 3. The supreme judicial court or any
2 justice thereof, and the superior court or any justice
3 thereof, shall have jurisdiction in equity to enforce the
4 provisions of this act and of any order made by
5 the in conformity therewith, and to enjoin
6 the entrance or discharge into any part of the said
7 rivers or their tributaries of sewage or of any other
8 substance which is, or which said shall have
9 determined may be, injurious to public health or tend-

-10 ing to create a public nuisance. Proceedings to en-
-11 force any such order or to obtain such an injunction
12 shall be instituted and prosecuted by the attorney
13 general at the request of the

1 Section 4. Whoever, contrary to any order of
2 the permits the entrance or discharge into any
3 part of the said rivers or their tributaries of sewage or
4 of any other substance injurious to public health or
5 tending to create a public nuisance, shall be punished
6 by a fine not exceeding one hundred dollars for each
7 offence.
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In the Year One Thousand Nine Hundred and Thirty-Five.

Be it enacted by the Senate and House of Repre-
sentatives in General Court assembled, and by the
authority of the same, as follows:

1 Section 1. The South Essex sewerage district is
2 hereby authorized to expend, as part of the cost of
3 construction of the sewers and other works provided
4 for by chapter three hundred and thirty-nine of the
5 acts of nineteen hundred and twenty-five, and all acts
6 in amendment thereof and in addition thereto, in
7 addition to all sums authorized by said chapter and
8 acts, a sum not exceeding three hundred and seventy-
-9 five thousand dollars, exclusive of interest on bonds or

10 notes issued for expenses incurred on account of the
11 work hereby authorized. The moneys authorized by
12 this act shall be expended in connection with the re-
-13 construction, relocation and rebuilding, re-equipment
14 and/or alteration and/or enlargement of the Salem
15 sewage pumping station and in connection with the
16 construction of works for the treatment of the sewage
17 received at the said pumping station. The South
18 Essex sewerage board is hereby granted full authority,
19 in its discretion subject to the approval of the depart-

-20 ment of public health so far as works for the treatment

€be Commontoealtf) of Massachusetts

A.n Act permitting the South Essex Sewerage District to
expend Money on Additional Sewerage Works.
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21 of the sewage are concerned, to make such changes as
22 it may deem advisable, at a cost not to exceed the sum
23 of three hundred and seventy-five thousand dollars, at
24 said pumping station, such changes to consist of re-
-25 construction, relocation, rebuilding, re-equipping, al-
-26 tering and enlarging, or otherwise.

1 Section 2. In carrying out the provisions of sec-
-2 tion one of this act and in exercising the authority
3 thereby granted, the South Essex sewerage board and
4 its treasurer shall have and may exercise all powers
5 and authority conferred upon them by chapter three
6 hundred and thirty-nine of the acts of nineteen hun-
-7 dred and twenty-five, and all acts in amendment
8 thereof and in addition thereto, so far as applicable,
9 in regard to construction of sewers and other works,

10 entering into contracts, borrowing and paying money,
11 issuing, refunding and paying notes and bonds, re-
-12 funding loans, paying and refunding interest, estimat-
-13 ing, allocating and apportioning costs, and making
14 demands and assessments therefor and collecting the
15 same, and all other powers and authority so conferred
16 that may enable the provisions of this act to be carried
17 out.


