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REPORT OF THE STATE BOARD OF H EALTH
UPON THE

SEWERAGE OF THE CITY OF SALEM AND THE TOWN 
OF PEABODY,

To the General Court of Massachusetts.
The State Board of Health has investigated and con

sidered a general system of drainage and sewerage for the 
city of Salem and the town of Peabody, as authorized, and 
directed by chapter 112 of the Resolves of 1895 and chap
ter 69 of the Resolves of 1896, and submits the following 
report.

The resolves under which the work has been done are as 
follows : —

[C h a p t e r  112, R esolves of 1895.]

R esolve  r ela tiv e  to S ew a g e  D ispo sa l  and  D r ain ag e  in  S alem  
and  P ea bo d y .

Resolved, That the state board of health is hereby authorized 
and directed to consider and report a general system of drainage 
and sewerage for the city of Salem and town of Peabody, or for 
such parts of said city and town, not all of which shall be wholly 
within either of said municipalities, as may, in the opinion of said 
board, be best drained by said system. I t  shall be the duty of 
said board: — First. To designate the portions of said city and 
town which shall be tributary to and embraced in the district and 
system to be so reported, and to define the same by their report, 
with plans and maps. Second. To define and show, by suitable 
plans and maps, such trunk line and main branches as it shall 
recommend to be constructed, with outlet. Third. To consider 
the various methods of disposal of sewage and the application of 
such methods to any portion of the territory herein mentioned ; 
and to define the methods by which said city and town, or parts of 
said city and town, may utilize said trunk line and main branches
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as an outlet of a system of sewerage and drainage for said city 
and town and said parts of said city and town respectively; and 
to show the same by plans and maps. Fourth. To employ such 
engineering and other assistance as may be necessary for carrying 
out the objects of this resolve, and to cause such surveys and levels 
to be made as will enable said board to determine with accuracy 
the location and grades of said trunk line and main branches, and 
also such surveys and levels in said city and town, and parts of 
said city and town, as will enable said board to determine with 
accuracy the methods by which said city and town, and parts of 
said city and town, may respectively utilize said trunk line and 
main branches, and to report such methods by plans showing the 
main lines by which each may so provide for itself a system of 
sewerage and drainage with its outlet into said trunk line or main 
branches. Fifth. To define the size and capacity of said trunk 
line and main branches, and the materials of which they should be 
constructed and manner of construction, and such other particulars 
as will enable said board to determine the probable expense thereof ; 
and to ascertain and report the cost of the construction of said 
trunk line and main branches and outlet, and to report a recom
mendation as to the methods of apportioning said cost. All ex
penses incurred by said board under the provisions of this resolve 
shall be reported to the governor and council, and all such expenses 
when approved by them shall be paid out of the treasury of the 
Commonwealth; but the total expenditure shall not exceed three 
thousand dollars. The Commonwealth shall be reimbursed for 
sucli expenditure under this resolve as shall have been approved 
by the governor and council in the following manner : — The town 
of Peabody and the city of Salem shall each pay such proportion 
of the above expenditure as. the said board shall deem to be 
equitable, and the amounts so to be paid by each shall be assessed 
and collected by the treasurer of the Commonwealth at the time 
required for the payment of the state tax of said town and said 
city respectively. Said board shall make all reports required by 
this resolve to the general court on or before the first Wednesday 
of January in the year eighteen hundred and ninety-six. [Ap
proved May 29, 1895.

[C h a p t e r  69, R esolves op 1896.]

R esolve ex te n d in g  t iie  T im e f o e  t h e  R eport  of th e  State 
B oard  o f  H ea lt h  r ela tiv e  to S ew a g e  D isposal  and  D r a in 
age in  S alem  and  P ea bo dy .
Resolved, That there be allowed and paid out of the treasury of 

the Commonwealth a sum not exceeding one thousand dollars, to
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be expended by the state board of health in continuing the investi
gations relating to a general system of drainage and seweiage for 
the city of Salem and the town of Peabody, provided by chapter 
one hundred and twelve of the resolves of the year eighteen hun
dred and ninety-five, said amount being in addition to the three 
thousand dollars provided for in said resolve; the Commonwealth 
to be reimbursed for such additional expenditure herein provided 
for as shall be approved by the governor and council, in the same 
manner as provided in said resolve. The time allowed for the 
completion of the report of said state board of health relative to 
said general system of drainage and sewerage for the city of Salem 
and the town of Peabody is hereby extended, and said board is 
directed to submit said report in print, together with plans and 
estimates of cost, to the city of Salem and the town of Peabody on 
or before the first day of July in the present year, and to present 
a duplicate of said report to the general court on or before the 
first Wednesday of January in the year eighteen hundred and 
ninety-seven. [Approved April 17, 1896.

The nuisances caused by the discharge of sewage about 
Salem have been the cause of complaint for many years, and 
much money has been expended in various ways to improve 
the sanitary condition of the city. The shores about Salem 
are generally low, and large areas of flats are exposed at low 
tide. The flats in many places have become offensive on 
account of the discharge of sewage upon them, and new 
sewers have been built from time to time to remove the 
sewage to other points of discharge.

The worst nuisance existing at present is found in the 
North River. This stream is the natural drain of a territory 
containing numerous tanneries and similar establishments, 
sewage from which is discharged directly into the stream. 
The sewage from these works is of a particularly offensive 
character, and contains a much greater amount of putrescible 
organic matter than is contained in an equal quantity of 
ordinary domestic sewage. Several house sewers are also 
discharged into this stream, but the quantity of house 
sewage is probably very small compared with the quantity 
of manufacturing sewage.

Above North Street bridge the North River is confined 
generally in a narrow channel, while below the bridge there 
is a wide tidal estuary. The slackening of the current of the
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river when it enters this estuary causes a deposit of the 
heavier matters from (lie sewage, and it is understood that 
dredging lias been resorted to from time to time in order to 
remove deposits from the bottom of the river in this vicinity.

Nuisances exist in several other places about Salem, par
ticularly in the South River and in Palmer’s Cove. An 
intercepting sewer recently constructed removes a small 
portion of the sewage formerly discharging into the South 
River and some of the sewage formerly discharging directly 
into the harbor to a point of discharge near the Philadelphia 
and Reading coal wharf; but this place of discharge is not 
likely to prove satisfactory, on account of the large areas of 
fiats in the vicinity of the outlet and the slow currents in 
the harbor. Should the present conditions continue, the 
nuisances will inevitably grow worse with the increase of 
population and the consequent increase in the quantity of 
domestic and manufacturing sewage that will be discharged 
into the streams and tidal waters about Salem.

The Board has not thought it necessary to describe in 
further detail the existing nuisances, since the conditions 
are well known to the inhabitants of Salem and Peabody, 
and several attempts have been made in the past to provide 
a satisfactory remedy. Permanent relief from existing 
nuisances can be obtained only by purifying the sewage 
before discharging it near the shores, or by conveying it 
in a crude state to some point of discharge at such a distance 
from inhabited shores that it will become well diluted before 
any portion of it can reach any shore.

From a consideration of the whole question, it is evident 
that the most appropriate and least expensive method ot 
disposing of the domestic and manufacturing sewage of 
Salem and Peabody is by discharging it into the sea, rather 
than by attempting to purify it upon land or to clarify it by 
removing (he suspended matters so far as possible by the 
nse of chemicals.

In order to determine the most appropriate point of dis
charge in Salem harbor, a careful study ol the tidal currents 
at several points has been made by means of floats. The 
results of these experiments, which are fully described in 
the report of the engineer, hereto appended, show that the
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tidal currents in Salem harbor are slow and weak, as com
pared with those in Boston harbor, at the places where the 
north and south metropolitan sewer systems discharge ; and 
no strong tidal current is found at any point near the shore 
into which the quantity of sewage that is likely to be pro
duced by Salem and Peabody could be discharged without 
danger that some of the solid matters from the sewage might 
be deposited upon the shores in the vicinity of the outlet. 
The experiments show that the sewage could be safely dis
charged at Great Haste Island at all stages of the tide with
out danger that it would produce a nuisance upon any shore, 
and this is the most appropriate place for the disposal of the 
sewage ; but the cost of conveying the sewage to this point 
would be so great for the present population that it is desira
ble to select a point nearer the shore, even though the con
ditions are somewhat less favorable for the satisfactory 
disposal of the sewage. Float experiments indicate that 
if the sewage should be discharged at Great Aqua Vi tie 
Beacon, about half a mile east of Fort Pickering, there is 
danger that with easterly or northerly winds floating matters 
from the sewage might be carried to the shore of Salem 
harbor, or even to the Marblehead shore on the south; but 
the wind would be likely to have less influence upon a body 
of water covered with sewage than upon the floats, and 
probably little if any trouble would be experienced from 
discharging the sewage at this point for several years. In 
view of the circumstances, it is recommended that the works 
be built to discharge the sewage at Great Aqua Vitas Beacon, 
and if this point of discharge becomes objectionable the 
outlet can then be extended to Great Haste.

Investigations were also made to determine the feasibility 
and probable cost of disposing of the sewage by discharging 
it at a favorable stage of the tide at some point close to the 
shore of Salem harbor, and providing a reservoir to hold 
the sewage between the tides. A location for a reservoir 
was found upon Winter Island, and the investigations in
dicated that it would be practicable to dispose of the sewage 
by discharging it off Fort Pickering Light upon the out
going tide ; but on account of the extra cost of tho reser
voir, this plan would be more expensive than the plan for
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discharging the sewage continuously at Great Aqua Vita} 
Beacon, and it would be less satisfactory.

The district which would be tributary to a main system 
of sewers having an outlet into Salem harbor includes the 
whole of Salem and about three-fifths of the area of the town 
of Peabody, and is shown on Plan No. 1, being included 
between the broad yellow line and the sea. The proposed 
main trunk sewer for this district is shown by the red line 
on Plan No. 2, and at the bottom of this plan is a profile 
of the line of the proposed sewer, giving sizes and grades. 
The character of the material in which the sewer would be 
constructed is shown approximately upon this profile. This 
information was obtained from borings made along the line 
of the proposed sewer. No borings were made along the 
line of the harbor outlet.

The proposed sewer begins at the junction of Walnut 
and Central streets, near Peabody Square, in the town of 
Peabody, and extends through the valley of the North River 
into Salem, crossing the main line of the eastern division 
of the Boston & Maine Railroad, near the northerly end 
of the tunnel, and along the shore of Collins Cove to a pro
posed pumping station on the northeasterly side of the 
Philadelphia and Reading coal wharf at the shore of Salem 
harbor. The elevation of the bottom of the sewer at the 
point of beginning is 12.47 feet above mean low tide, and its 
diameter is 3 feet 2 inches. The grade of the bottom at the 
pumping station is 0.67 of a foot above mean low tide, and 
its diameter 6 feet. The intermediate grades and dimen
sions are shown upon Plan No. 2, and are described in the 
report of the engineer.

At the pumping station all of the sewage will be raised by 
pumps to a height varying with the height of the tide, and 
will bo discharged at all stages of the tide at Great Aqua 
Vita; Beacon.

The sewer at its lower end at the pumping station has a 
capacity sufficient to remove 38,000,000 gallons of sewage in 
twenty-four hours if running two-thirds full, or 48,000,000 
gallons if running full. The capacity ot the sewer has been 
based upon an estimated daily quantity of 80 gallons ot 
ordinary sewage per inhabitant for a population ot 102,000,
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which may be reached at the present rate of growth in 1935, 
and upon a liberal estimate of the amount of manufacturing 
sewage that may be produced in the district within that 
time, with allowances for irregularity in the discharge of 
sewage into the trunk sewer, as given in the report of the 
engineer.

The main trunk sewer is designed to receive sewage only, 
and the entrance of large quantities of storm water should be 
prevented. To this end, the connections of existing sewers 
in Salem, which now receive both sewage and surface water, 
with the main trunk sewer, should be provided with auto
matic regulators, as is done in the case of connections be
tween sewers which receive storm water and the intercepting 
sewers in the city of Boston and in the metropolitan sewer- 
age district, in order to prevent the flooding of the main 
trunk sewer and other tributary systems by these sewers at 
times of storm. The mingled sewage and storm water from 
existing sewers may at such times be allowed to discharge at 
present outlets.

It will also be necessary to limit the quality of the sewage 
that may enter the main trunk sewer or any of its tributa
ries so as to exclude substances from manufacturing sewage 
that will not flow through the sewers or will have to be 
taken out of the sand-catcher, and all matters that may clog 
the pumps.

In some mechanical and manufacturing processes a consid
erable portion of the water used may not be fouled to an 
appreciable extent, and such water should not be discharged 
into the sewers but should be disposed of by discharging it 
into the sea or into some suitable drainage channel.

The total cost of the main trunk sewer, with pumping 
station and other appurtenances complete, having an outlet 
at Great Aqua Vitas Beacon, is estimated to be $440,116. 
An estimate of the cost in detail may be found in the report 
of the engineer.

On account of the topography of Salem and Peabody, and 
the fact that only two municipalities are mentioned in the 
resolve, no main branches are found to be necessary, within 
the meaning of the resolve.

The main lines of sewers, by which the city and town may
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utilize the main trunk sewer, are indicated by broken red lines 
upon Plan No. 1, and are described in the report of the engi
neer. In Peabody no general system of sewers has as yet 
been constructed, and it is recommended that when the town 
shall provide itself with a system of sewers, the separate 
system be employed, and that surface water and, so far as 
possible, ground water be excluded from the sewers. The 
present sewer outlets in Salem are shown in blue lines upon 
Plan No. 1. In Salem some of the existing sewers will, by 
means of extensions, serve as main lines of sewerage for the 
c ity ; and these and other main lines of sewerage are indicated 
upon the plan and are described in detail in the report of the 
engineer.

In extending the present sewerage system of Salem it is 
recommended that all new systems of sewers be constructed 
upon the separate plan and that storm water be wholly ex
cluded. It is also very desirable that the area from which 
storm water is admitted to existing sewers should be re
stricted as much as is practicable, in order to avoid the 
expense of pumping considerable quantities of storm water 
and to limit as much as possible the discharge of crude sew
age in the vicinity of the shores at times of storms.

The resolves under which this work has been done require 
that the Board shall ascertain and report the cost of construc
tion of a trunk line sewer and main branches and outlet, and 
report a recommendation as to the method of apportioning 
said cost. In the case of the metropolitan sewerage system, 
which includes the city of Boston and twenty-one neighbor
ing municipalities, the act providing for the construction and 
operation of the system contains a provision that there shall 
be a new apportionment of the charges for interest, sinking 
fund and maintenance once in five years; and a precedent 
for the apportionment of the cost of construction and of 
maintenance and operation of the metropolitan sewers among 
the several cities and towns composing the metropolitan 
sewerage district has already been well established by the 
reports of two commissions appointed by the supreme court 
to make such apportionment. The same method of appor
tionment has been adopted by both commissions, and is as 
follows: charges for interest and sinking fund, which repre-



1898.] HOUSE — No. 1301. 11
sent the cost of construction of the works, are based upon 
the valuation of the municipalities included within the dis
trict, and the charges for maintenance and operation are 
based upon the population. In the cases of cities or towns 
portions of which cannot be drained by the metropolitan 
system, the valuation and population of such portions were 
excluded in favor of the city or town within whose limits 
these areas are situated.

There appears to be no more equitable method of appor
tioning the cost of construction of the Salem and Peabody 
system between these municipalities, and accordingly this 
method is recommended. The property valuations used by 
the commission appointed to apportion the cost of metro
politan sewers, which reported most recently (the report 
being dated Oct. 16, 1896) are those established by chapter 
90 of the Acts of 1895, and the valuations of Salem and 
Peabody established by that act are as follows : —
S a l e m , ......................................................................... $30,649,889 00
P e a b o d y , .................................................................  8,039,864 00

The proposed drainage district of Salem and Peabody in
cludes the whole of Salem, but 6.6 square miles, or 4,224 
acres, in the town of Peabody will not be drained by the 
proposed plan. It is therefore necessary, in deciding the 
proportion that Peabody should pay toward the cost of 
the works, to determine the valuation and population of the 
town, exclusive of the portion outside the proposed sewer
age district.

The valuations furnished by the Tax Commissioner and 
established by chapter 90 of the Acts of 1895 give the total 
valuations of the cities and towns, and it is not possible to 
determine exactly the valuation of the territory in the town 
of Peabody which will not be reached by the proposed sewer. 
The most accurate approximation that could be made ap
peared to be the following: it was possible to obtain from 
the assessors of Peabody the total valuation of real and per
sonal estate in the whole town and in the portion of the town 
outside the proposed sewerage district for May 1, 1895. It 
was also possible to obtain from the Tax Commissioner the 
total amount of bank and corporation stock belonging to
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Peabody in 1894; and one of the Peabody assessors, after 
an examination of the records of the Tax Commissioner, 
made a statement as to the amount of this stock that was 
chargeable to the portion of the town outside the proposed 
sewerage district. The percentage of the total valuation of 
the town that is represented by the valuation of the portion 
outside the proposed sewerage district has been obtained from 
these amounts, as follows : —
Assessors’ valuation of all real and per

sonal estate in Peabody (189.5), . 87,598,750 00
Tax Commissioner's valuation of all cor

poration and bank stock belonging 
to Peabody (1894), . . . .  786,375 00

Total for town of Peabody,.................................
Assessors’ valuation of real and personal 

estate in Peabody outside of sewer
age d i s t r i c t , .................................$819,250 00

Tax Commissioner’s valuation of cor
poration and bank stock belonging 
in Peabody, outside of sewerage dis
trict ascertained as above (1894), . 105,700 00

88,385,125 00

Total for area in Peabody outside of sewerage 
d i s t r i c t , .........................................................  924,950 00

Net valuation of sewerage district, . . . .  $7,460,175 00
Percentage of total valuation in Peabody, that is outside

of sewerage district, . . . . . .  11.03084
Deducting this percentage from the total property valua

tion of Peabody made by chapter 90 of the Acts of 1895, 
which is $8,039,864, the total valuation of property in the 
proposed sewerage district is as follows : —
Salem, . . . . . . . . . .  $30,649,889 00
Peabody, . . . . . . . . . .  7,152,999 00

T o ta l , ........................................................................$37,802,888 00
The percentage of each to the total and the proportion 

which each municipality should pay toward the cost of the 
works under this apportionment at the present time is as 
follows: —
Salem, . 
Peabody,

. 81.0782 per cent. 

. 18.9218 percent.
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The estimated annual cost of maintenance, including all 

running expenses and repairs, of the trunk sewer, pumping 
station and harbor outfall for Salem and Peabody, discharging 
at Great Aqua Vita? Beacon, is $12,000. The present quan
tity of sewage produced by Salem and Peabody is estimated 
at 6,250,000 gallons per day, and the estimate for mainten
ance is based upon a quantity of sewage equivalent to 
10,000,000 gallons per day, which may represent the aver
age quantity of sewage to be disposed of for ten or more 
years in the future.

In estimating the proportion which each municipality 
should pay toward the maintenance and operation of the 
system, the basis used by the commissioners who appor
tioned the cost of metropolitan sewers, as already stated, is 
the population; and here, also, it is necessary to make allow
ance for the number of people in the portion of Peabody out
side of the proposed sewerage district. I t  has not been 
thought necessary to attempt to determine this population 
with great accuracy, since an accurate estimate can be made 
when occasion may require. By a count of the houses in the 
district outside of the area draining toward the proposed 
sewer, it is found that there are about 103 houses in this dis
trict. Allowing a population of 5 persons to each house, 
the number of people in this district would be 515. De
ducting this number from the population of Peabody, as 
determined by the census of 1895, the estimated number of 
people within the proposed sewerage district in the town of 
Peabody is 9,992.

Dividing the cost of maintenance and operation upon the 
basis of population, estimated as above, the proportion which 
Salem and Peabody would pay is shown by the following
table: —

Population Per Cent, of Cost1 S 9 5 . of M aintenance.S a l e m , .......................................................... 34,473 77.53
Peabody.............................................................  9,992 22.47

In constructing public works of this magnitude it is cus
tomary to raise the money for the work by issuing bonds, 
and in cases like the one under consideration, where the 
works are expected to serve for many years in the future, 
bonds are issued for long terms. Payment for the bonds is
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provided for generally by payments to a sinking fund, the 
payments being so arranged as to extinguish the debt at the 
maturity of the bonds. In order to indicate approximately 
what the probable yearly cost to each municipality would 
be, should bonds be issued for the construction of the works 
and a sinking fund created to pay them at maturity, the fol
lowing estimate has been prepared. The interest charges 
have been assumed to be 4 per cent., which appears to be 
the average rate of interest on town and city bonds issued 
under favorable conditions within the last few years, although 
such bonds would command a premium at the present time ; 
and the sinking fund has been estimated at 1 l per cent, 
annually, wdiich would extinguish the debt in forty years.
Estimated yearly cost for intei’est and sinking fund, at 5J

per cent., is ..........................................................................$23,106 09
Estimated yearly cost of maintenance is . . .  12,000 00

T o t a l , ..........................................................................$35,106 09
Dividing these two amounts between Salem and Peabody, 

on the basis of apportionment already given, the total yearly 
cost and the cost per capita to each municipality would be as 
follows: —

Y e a r l y  C o s t  f o r  
I n t e r e s t

a n d  S in k in g  F u n d .
Y e a r l y  C o s t  f o r  

M a in t e n a n c e .

Y e a r l y  C o s t  f o r  
I n t e r e s t , 

S in k in g  F u n d  a n d  
M a in t e n a n c e .

Total. PerCapita. Total. PerCapita. Total. PerCapita.

Salem, $18,734 00 $0 54 $9,303 60 $0 27 $28,037 60 $0 81
Peabody, 4,372 09 44 2,696 40 27 7,068 49 71

Should the State create a district, and should it construct 
and operate the main sewer system herein proposed in the 
same manner as in the case of the metropolitan sewerage dis
trict, and charge the amounts for interest, sinking fund and 
maintenance to the city of Salem and the town of Peabody, 
a considerable saving would be made in the cost ot interest 
and sinking fund to Salem and Peabody.
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In the case of the metropolitan sewerage loan, the bonds 

bear interest at a rate of 3 per cent., but at the present time 
the rate of interest upon State bonds would probably be 
higher. Assuming that the rate of interest would be 3 | per 
cent, (at which rate the bonds would command a premium at 
present), and that the payment to the sinking fund would 
be lb  per cent., as before, the annual cost to Salem and 
Peabody would be : —
Estimated annual cost of interest and sinking fund, at 4f

per cent., is . . . . . . . . .  $20,905 51
Estimated annual cost of maintenance is, . . . 12,000 00

T o t a l , ......................................................................... $32,905 51
This would be at a rate of $2,200.58 per year less than if 

the towns raised the money themselves ; or, in other words, 
the use of the credit of the State would reduce the yearly 
cost for interest and sinking fund by about 9] per cent.

The total cost and cost per capita to each municipality 
would then be as follows : —

Y e a r l y  C o s t  f o r  
I n t e r e s t

a n d  S in k in g  F u n d .
Y e a r l y  C o s t  f o r  

M a in t e n a n c e .

Y e a r l y  C o s t  f o r  
I n t e r e s t , 

S in k in g  F u n d  a n d  
M a in t e n a n c e .

Total. P erCapita. Total. P erCapita. Total. P erCapita.

Salem, $16,949 81 $0 49 $9,303 60 $0 27 $26,253 41 $0 76
Peabody, 3,955 70 40 2,696 40 27 6,652 10 67

By a provision of the resolves under which this investiga
tion has been made, it is required that the town of Peabody 
and the city of Salem shall each pay such proportion of the 
expenditure as the Board shall deem to be equitable.

It is deemed equitable that the cost of the preliminary 
investigation should be provided for in a manner similar to 
that which would probably be used in providing for the pay
ment of the cost of the works; that is, that the cost of the 
investigation should be divided upon the basis of the valua
tion of the portions of each municipality included within the 
proposed drainage district. The appropriations and total 
cost of the work have been as follows : —
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Appropriations, . . . . . . . .  $4,000 00

E x pen  ijitukes.
Salaries of engineers and as- Rental of instrument, $15 00

sistants, . $3,301 50 Drawing materials, . 13 11
Travelling expenses, 88 14 Maps and map mounting, 17 85
Labor in making borings, 345 54 S t a t i o n e r y ,  postage and
Pipe and material for borings, 29 49 . money order, 2 50
Glass bottles lor samples of Expressage, . . . . 3 11

soil from borings, 8 88 Telephone and telegraph mes-
Teaming,.................................. 10 00 s a g e s , .................................. 1 53
Lum ber,.................................. 7 75 Miscellaneous incidentals, 9 45
Hardware, . 5 41
Tin cans for floats, . 4 25 Total expended for sur-
Drafting,.................................. 80 00 veys and investigations, $3,943 51

Dividing this amount on the basis of valuation of each 
municipality, the amount to be paid by each as its share of 
the cost of surveys and investigations is as follows : —

Percentage to be paid. Total.
Salem....................................................................  81.0782 $3,197 33
Peabody...................................... ......  . . 18.9218 746 18

To these amounts there is to be added, under a ruling of 
the State Auditor, the cost of printing reports for each mu
nicipality, with maps and plans, making the total assessment 
of each municipality as follows : —

S a l e m .
Por proportion of cost of surveys and investigations, . . $3,197 33
For printing of 730 copies of report (including plans), . . 223 29

Total assessment,...................................................................................... . $3,420 62

P ea b o d t .
For proportion of cost of surveys and investigations, . . $746 18
For printing of 475 copies of report (including plans), . . 145 29

Total assessment........................................................................ ...........——  $S91 47

and the Board deems it equitable that the city of Salem shall 
pay $3,420.62 and the town of Peabody $891.47 as their 
proportion of the above expenditures.

The reports of Mr. G. A. Kimball, the engineer employed 
by the Board to conduct the investigations and prepare 
plans of the works, and of Mr. Joseph P. Davis, the con
sulting engineer of the Board, follow.

Ii. P. WALCOTT, 
H F. M ILLS,
F. W. DRAPER,
G. C. TOBEY,

J . W. HULL,
C. H. PORTER,
J . A. MEAD,

State Board of Health.
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ENGINEER’S REPORT.

B oston, July 1, 1S96.

To the State Board of Health.
G e n t l e m e n : —  In the letter of your chief engineer dated 

Aug. 20, 1895, I was requested to take charge of the neces
sary surveys and investigations, and to report a plan for a 
general system of drainage and sewerage for the city of Salem 
and the town of Peabody, in accordance with the provisions 
of chapter 112 of the Acts of the Legislature for 1895.

The work was begun immediately. A party was sent 
out to make float experiments in the harbor, and a survey
ing party to obtain levels and other data in relation to 
existing sewer outlets, also to make the necessary surveys 
for a trunk sewer and connections. Information was ob
tained in regard to the present condition of the sewerage in 
both places and the methods used for disposing of the storm 
water, sewage and manufacturing waste. The quantity of 
water used by the public and private water supplies was 
carefully determined, and the quantity and character of the 
sewage discharged from manufacturing establishments were 
examined. The plans and documents in possession of the 
ofBcials of both Salem and Peabody were examined, and all 
available data collected.

S ituation  and T opography .
Salem and Peabody are adjoining municipalities, situated 

about 16 miles north-east of Boston. Together they occupy 
an area of 24.7 square miles, and contain an aggregate popu
lation of nearly 45,000. The centres of business and popu
lation in the two places are about a mile and a half apart. 
The streets connecting them are closely built up, and fre-
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quent transportation between them is provided by steam and 
electiic lailioads. The inhabitants are closely connected 
" ith each other in business and social relations, and the two 
places form practically one city.

Salem is a seaport town, the county seat of Essex County, 
and contained, by the census of 1895, a population of 34,- 
473. Salem proper, which is thickly populated, is situated 
on a peninsula surrounded on three sides by tide water, the 
rise and fall of the tide being about 9.2 feet. The peninsula 
is bounded on the north-west by North River, a tidal estuary, 
on the north-east by Beverly harbor and on the south-east 
by Salem harbor and South River, also a tidal estuary. The 
outline of the peninsula is very irregular, being intersected 
by several bays and coves. Collin’s Cove, an arm of Bev
erly harbor, is the largest of these, and divides the outer 
end of the main peninsula into two smaller ones, the most 
easterly of which contains the summer resort known as Salem 
Willows, located at its extreme north-easterly end.

That portion of the city called North Salem lies on the 
northerly side of North River, and extends northerly to 
the Essex Branch River. South Salem lies between Salem 
harbor and South River. The southerly and south-westerly 
portions of the city are practically uninhabited, and there 
is a considerable area of unoccupied land in the extreme 
northern portion. The total area of the city is about 7.9 
square miles.

The natural drainage of Salem is into the North, South 
and Essex Branch rivers and Salem and Beverly harbors, as 
shown on Plan No. 1, hereto annexed. That portion along 
the water front, including about 2 square miles, drains di
rectly into the Essex Branch and the harbors, while the 
interior of the city drains into North, South and Forest 
rivers. North River, the most important of these streams, 
is formed by the union of several brooks in the thickly set
tled portion of Peabody, whence it flows easterly and north
easterly to Beverly harbor. The river above North Street 
is narrow, and for about three-fourths of the distance to the 
Peabody line is confined by wooden bulkheads or stone walls. 
Below North Street the river is a tidal basin about a quarter
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of a mile in width, where extensive flats are exposed at low 
water. The average tide affects the level of the water in 
the stream nearly to the boundary line between Salem and 
Peabody, and in very high tides for a quarter of a mile or 
more above this point. The total drainage area of the river 
above North Street bridge is 12.4 square miles, of which 
10.2 are within the limits of Peabody, 1.9 in Salem and 0.3 
in Lynn.

South River flows by a very irregular course from the 
central portion of the city in a general northerly direction 
into Salem harbor. It drains an area above Lafayette Street 
bridge of 1.9 square miles, all within the limits of the city, 
and includes the tidal basin known as the “  Mill Pond.” 
The river has a sluggish flow, and is affected by the tide for 
a distance of about a mile above the harbor.

Forest River flows in a general easterly direction into the 
extreme southerly end of Salem harbor. The tidal portion 
of the river extends for about half a mile above the bridge 
near the lead mills. The stream has but little fall and the 
water flows slowly. The total drainage area above the bridge 
is 3.1 square miles, of which 2.1 square miles are in the 
southerly part of Salem, 0.2 in Marblehead and 0.8 in 
Swampscott.

The surface of Salem is quite undulating. Essex Street, 
which is one of the principal streets, follows near the crest 
of a ridge running nearly east and west between the North 
and South rivers. The surface of Essex Street is 34 feet 
above low tide at the intersection with Boston Street, 28 
feet at Washington Street over the railroad tunnel and 26 
feet at Elm Street. North Salem lies on the northerly side 
of North River, where the land slopes up to an elevation of 
100 feet above low tide. South Salem is on an elevation 
between Salem harbor and one of the tributaries of South 
River. The highest point is at the new State normal school, 
which is 50 feet above the low tide. Gallows Hill, near 
Peabody, is 100 feet above low tide. A thickly settled area 
in the vicinity of Palmer Street is only about 13 feet above 
low tide. The low district in the vicinity of the railroad 
station is 16 feet above low water.
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The town of Peabody, with a population of 10,507 by 

the census of 1895, joins Salem on the west. The densely 
populated part is adjacent to Salem and covers an area of 
about 1 square mile. The town extends westerly about 6 
miles to Middleton, Lynnfield and the Ipswich River. The 
area of the town is 16.8 square miles.

I he North River has four tributaries in Peabody, known 
as Strong Water Brook, Goldthwait’s Brook, Proctor’s Brook, 
and a small stream ilowing from the north, crossing Walnut 
Street near Union Street. These streams have a good fall 
and rapid current. Goldthwait’s Brook and Proctor’s Brook, 
which run through thickly populated portions of the town, 
are covered a portion of the distance, and in many places 
buildings have been constructed over them. The drainage 
area of the North River within the limits of the town of Pea
body is 10.2 square miles. It includes all the thickly inhab
ited part of the town, and at least nine-tenths of its population. 
Of the remaining area, 0.2 of a square mile drains into the 
Essex Branch, 1.3 square miles into the Waters River, 0.5 
of a square mile into Crane Brook in Danvers, 4.3 square 
miles into the Ipswich River and 0.3 of a square mile into 
Saugus River. The only portion of the town which borders 
on the salt water is the north-easterly part, along the Waters 
River, which is a small tidal stream, a tributary of the Essex 
Branch, and contains large areas of flats.

The elevations of some of the principal points in Peabody 
above low tide are as follows: Walnut Street at Grove 
Street, 20 feet; Walnut Street at English Street, 17.7 feet; 
Walnut Street at Wallis Street, 21.5 feet; Main Street at 
Washington Street, 47 feet; Peabody Square, 28 teet; 
Buxton’s Hill at the stand-pipe, 1(30 feet.
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P opulation  of Salem and P eabody .
The population and growth of Salem and Peabody are 

shown by the diagram opposite this page and by the follow
ing table : —

Y e a r . Salem. Peabody. Salem and 
Peabody.

Increase In 
Five Years.

1762, . . . . 4,123 _ -

1790, . . . . 7,921 - - -
1800, . . . . 9,457 - - -
1810, . . . . 12,613 - - -
1820.................................. 12,731 - - -

1830, . . . . 13,895 - - -

1840, . . . . 15,082 - - -

1845, . . . . 16,762 - - -

1850, . . . . 20,264 - - -
1855, . . . . 20,934 5,348 26,282 -
1860, . . . . 22,252 6,549 28,801 2,519
1865, . . . . 21,189 6,051 27,240 *1,561
1870, . . . . 24,117 7,343 31,460 4,220
1875, . . . . 25,958 8,066 34,024 2,564
1880, . . . . 27,563 9,028 36,591 2,567
1885, . . . . 28,090 9,530 37,620 1,029
1890, . . . . 30,801 10,158 40,959 3,339
1895, . . . . 34,473 10,507 44,980 4,021

* Decrease.
Salem. — From the above table it will be found that the 

population of Salem by the census of 1895 was 34,473, the 
increase from 1890 to 1895 was 11.9 per cent., and from 
1885 to 1895 22.7 per cent. The thickly populated part of 
the city covers an area of about 3 square miles, with the 
city hall near the centre. Nine-tenths of the entire popula
tion reside within this area. The most densely inhabited 
small section of the city, containing about 60 acres, is in the 
vicinity of Palmer’s Cove, where there are about 100 people to 
the acre. North Salem contains a population of about 5,000 
people, and includes three large cemeteries and large tracts
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of unoccupied land. South Salem contains a population of 
about 10,000 people, that portion adjacent to Salem proper 
being densely populated. The territory of Salem outside 
of those sections above mentioned is sparsely inhabited; it 
includes large estates and the area adjoining Swampscott 
known as “ Salem Great Pastures.”

Peabody. — The population of Peabody by the census of 
1895 was 10,507. The population in 1890 was 10,158, and 
in 1885 9,530. The increase during the last five years was 
3.4 per cent., and during the last ten years 10.25 per cent. 
The thickly populated section is the easterly part of the 
town adjoining Salem, and covering an area of about 1 square 
mile, with Peabody Square near its centre. It is estimated 
that nine-tenths of the population and nearly all the indus
tries are within this area. North Peabody and West Pea
body are small villages, both located within the water shed 
of North River. The remaining portion of the town is 
sparsely inhabited, and the land is mainly used for farming 
purposes.

W ater  SurPLY.

Salem. — The larger part of the city of Salem is supplied 
with water from Wenham Lake, situated in Beverly and 
Wenham, by works which are owned and operated by the 
city. The maximum monthly consumption during the 
winter of 1895 was about 2,250,000 gallons per day, or 65 
gallons per inhabitant. The Peabody water works have 
pipes in some of the streets in Salem which are supplied 
from their low-service works. The use of this water is 
confined to supplying manufacturing plants. As the supply 
is by gravity, no records are available of the amount of 
water consumed, but from a canvass of the quantity used at 
each manufacturing plant in Salem connected with the Pea
body system it is estimated at 250,000 gallons during ten 
hours of the day. In addition to the water furnished by 
the public water supplies there are independent water sup
plies owned and operated by several manufacturing com
panies for the purpose of furnishing water for their own 
business. These plants have been examined, and the aggre
gate quantity of water used from these private supplies is
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estimated at 250,000 gallons during ten hours of the day. 
The Salem water supply is therefore summarized as fol
lows : —

Gallons per Day.City supply from Wenham L a k e , .................................  2,250,000
Peabody water works for manufacturing, . . . .  250,000
Drawn from private s u p p l i e s , .........................................  250,000

Total quantity of water used, 2,750,000

Peabody. — The town owns and operates a system of 
water works, taking its supply from Brown’s Pond located 
in Peabody and Spring Pond in Peabody and Salem. The 
water flows by gravity through the low-service system to 
the pumping station near the centre of the town, where it is 
forced to an iron reservoir on Buxton’s Hill. The maximum 
quantity used during the year 1895 was about 1,000,000 
gallons per day, or nearly 100 gallons per inhabitant; but a 
large portion of this was consumed by the manufacturing 
establishments, which used it freely on account of the low 
price, and it is probable that the domestic consumption was 
about the same as Salem, say 65 gallons per inhabitant. 
Peabody also supplies a small part of Salem, as already 
stated, with water from the same sources by its low-service 
system, which is estimated at 250,000 gallons per day.

The quantity of water obtained from private supplies and 
consumed for manufacturing purposes is very large. The 
Danvers bleachery and two glue factories are among the 
largest consumers, and all obtain water from the brooks near 
their plants. Many of the tanneries, morocco shops, curry
ing shops and other establishments pump their water from 
driven wells, brooks or other private sources. These private 
supplies were examined, and the quantity of water used was 
estimated from the displacement of the pumps, sizes of pipes, 
tanks, etc., and was found to be about 2,200,000 gallons per 
day.

For the purpose of verifying these measurements, weirs 
were placed in the streams just below Peabody Square, 
where the flow was measured for several days and was found 
to be about 1,760,000 gallons in the ten working hours and 
2,600,000 in twenty-four hours. It is probable that the ten
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hours’ flow was substantially all waste water from the facto
ries, although some house sewage was included. The meas
urements were taken during the first eleven days in October, 
1895, previous to which time there had been very little rain, 
and the manufacturing plants were taking substantially all 
the water running in the brooks. As before stated, the 
measurements at the factories made the quantity 2,200,000 
gallons, and the waste as measured by the weir was 2,600,000 
gallons, which includes some house sewage, and we have 
concluded to call the private supplies 2,500,000 gallons per 
day.

P resen t  Se w e r a g e .
Salem. — Salem now has about 40 miles of sewers, with 

25 outlets, of which 12 are into the North River, 8 into the 
South River and 5 directly into Salem harbor.

The construction of sewers was begun many years ago, 
and a new system of sewers was commenced in 1868. In 
1869 3 miles were built, at a cost of $40,858.75. Addi
tions were then made each year, and 9 miles were reported 
as in use in 1877, when complaints were made that in warm 
weather the air of the city was offensive and the health of 
the people was endangered on account of the inefficiency of 
the system of sewers. A commission reported Sept. 24, 
1877, that the cause of the nuisance was the discharging of 
sewage at points where it lodged on the flats and became 
offensive, the principal trouble being at the Mill Pond 
and North River. The commission employed J . Herbert 
Shedd and Charles A. Putnam, civil engineers, to make a 
general plan and estimates for two intercepting sewers, one 
following the North River to and including the town of Pea
body, and the other the South River, both to discharge into 
Beverly harbor at Lobster Rocks near Beverly bridge. The 
estimated cost was $330,472.

In 1881 the city purchased Frye’s Mills, located on the 
North River, about a quarter of a mile below the Peabody 
line, for $36,000. The dam was removed, and the city 
expended $21,000 for improvements. In 1882 $80,000 wer-e 
expended on North River improvements, and in 1883 $24,000 
were expended in filling the Aliil Pond.
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In 1883 the question of abating the nuisance in North 

River was considered by the city council, and in November 
Eliot C. Clarke, C.E., presented a report in which he said : —

The cause of the nuisance is apparent. Many tons of animal 
tissue, bird manure, domestic sewage and other decomposable 
organic refuse, part in solution and part in suspension, are daily 
discharged into North River and its tributary brooks. With these 
also go large quantities of lime, tan-bark and other matters, not 
so offensive in themselves, but permeated with putrescible matters 
in solution. The current of the stream is not sufficient to sweep 
this mass of filth to the s e a ; indeed, during a considerable por
tion of the day there is no current, or one in the wrong direction. 
The filth is deposited and precipitated wherever the water is com
paratively still, at the sides of the canal, in the basins and on the 
flats, where, being kept from a free supply of oxygen, it decom
poses slowly, giving forth offensive gases and vapors.

He recommended the construction of a sewer from Lobster 
Rocks as an outlet, up the valley of North River to Peabody, 
at a cost of $151,195.

In 1885 the city expended $102,883 in building bulkheads,
filling flats and dredging the channel of North River near © © ©the North Street bridge. The same year E. W. Bowditch, 
C.E., reported a plan of sewerage, recommending an entire 
new system for receiving sewage only to discharge near Fort 
Pickering. A 46-inch sewer was recommended from the 
outlet to Peabody Square, which was to provide for Salem 
and Peabody.

Peabody. — There are no public sewers in the town, but 
the streams which run through the thickly populated part 
carry large quantities of manufacturing waste, together with 
some sewage from dwellings, all of which is discharged into 
North River or its tributaries.

I n d u stries .
Salem and Peabody have for a long time been largely 

engaged in tanning and curing all kinds of skins. Nearly 
all these establishments are located along the North River 
or its tributaries. During the last few years changes have 
taken place by which the tanning of hides has very mate-
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rially decreased, while the morocco or sheep-skin business 
has increased. Some of the old tanneries formerly engaged 
in tanning hides are now abandoned, while new buildings 
have been erected for treating sheep-skins. These indus
tries, together with the bleachery and glue works, use water 
freely and consequently discharge large quantities of sewage.

The sewage contains tan-bark, coloring matter, bushings 
or very fine shavings from the skins, bits of flesh from the 
hides and skins, some of which will collect on the bottom 
and sides of sewers and will be liable to clog them. It will 
be necessary, therefore, for the proprietors of these industries 
to properly treat this sewage on their own premises by pass- 
ins; it through settling basins and screens before discharging 
it into the proposed sewers.

N uisances caused by S ew a ge .
The discharging of sewage at unsuitable places has been 

the cause of many nuisances in Salem during the past twenty 
years or more. The city records show that large sums of 
money have been expended to remedy the evil, the principal 
trouble coming from the Mill Pond and North River. 
Of the twenty-five sewer outlets from Salem’s sewer system, 
none can be considered free from objection. By the comple
tion of the Derby Street intercepting sewer during the pres
ent year, several sewers formerly discharging into the harbor 
and South River were discontinued by diverting the sewage 
to another outlet under the Philadelphia & Reading coal wharf. 
The Derby Street sewer will make a good intercepting sewer, 
and provide for certain portions of the city for many years ; 
but it is probable that the discharging of such a large quantity 
of sewage under the coal wharf will soon cause a nuisance. 
The sewage discharged at and near Palmer’s Cove is depos
ited on the flats near the outlets, and at times is very offen
sive.

The North River and its tributaries receive large quantities 
of manufacturing wastes, which cause a nuisance along their 
coui’ses in Salem and Peabody. It carries the filth from 
Peabody down into Salem, where it receives the refuse from 
the tanneries and other industries in Salem and the sewage
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from a portion of its public sewers. This mass of sewage, 
animal matter, tannery refuse and filth is carried back and 
forth in the river by the tides in the midst of a thickly 
settled community. Solid matter is deposited on the flats, 
and a nuisance is created which is dangerous to the health of 
the people in the immediate vicinity.

South Eiver is very foul, by reason of the domestic sew
age and manufacturing refuse discharged from the public 
sewers of Salem.

Q uantity  of  S ew age .
The drainage, sewage or waste matter from Salem and 

Peabody may be classified as follows : —
1. Domestic sewage, which includes wastes from houses, 

stores, small factories and other buildings that are supplied 
with water from the public water supplies.

2. Surface or storm water, which flows otf in the natural 
water courses or enters the sewers through catch-basins 
built in the street gutters and yards or through pipes from 
the roofs of houses.

3. Soil or ground water which leaks into the sewei’s.
4. Sewage or filth from large manufacturing establish

ments.
5. Unpolluted liquid wastes from large manufacturing 

establishments.
6. W ater used from time to time for flushing or cleaningo  othe sewers.
The quantity of domestic sewage may be taken to be the 

same as the quantity of water supplied. The quantity of 
water used from the public water supply in Salem in 1895 
was 2,500,000 gallons per day, including that supplied by 
Peabody’s low-service works to some manufacturing estab
lishments in Salem. The quantity used from the public 
supply in Peabody in 1895 was 1,000,000 gallons per day. 
In addition to the present water supply, provision must be 
made for an increase in the supply to provide for the future 
population in both Salem and Peabody (see diagram oppo
site page 23]. If  Salem should increase in population in the- 
same ratio in. the future as during the past ten years, the 
population in 1935 would be about 78,000; and, allowing
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a water supply of 80 gallons per day per inhabitant, the 
total amount of the water supply would be 6,240,000 gal
lons per day. As Salem and Peabody are closely connected, 
we have estimated that the future growth of the two places 
will be about the same ; and on this basis the population of 
Peabody in 1935 will be about 24,000 ; allowing 80 gallons 
per inhabitant per day, as before, we have about 1,920,000 
gallons per day. From the above estimate we have a future 
domestic water supply for the two places of about 8,160,000 
gallons per day.

To carry to sea in a covered channel the large quantity of 
storm water from a heavy rain on an area as large as Salem 
and Peabody would require a sewer of unusual dimensions, 
and would cost so large a sum as to prohibit its construction. 
The surface or storm water in that portion of Salem now 
provided with sewers, all of which receive both storm water 
and sewage, may safely continue to discharge at the present 
outlets during storms, while the ordinary dry-weather flow 
should be discharged at a place where it will not cause any 
offence. A practicable method of accomplishing this is de
scribed in this report, under the head of recommendations. 
The storm water from Peabody and that portion of Salem 
which is unsewered should be allowed to reach the sea 
through the natural water courses.

The quantity of ground water which may leak into the 
present sewers and into sewers which may be built hereafter 
cannot be accurately estimated. Most of the present sewers 
in Salem have been in operation for a great many years. 
Many of them were built at a time when it was not consid
ered necessai’y to make sewers tight, and it is probable that 
they are receiving at the present time large quantities of 
ground or sea water, in addition to the sewage which may be 
discharged from the dwellings and factories. The leakage 
depends upon the quality of work performed by the sewer 
builders and upon the nature of the soil through which the 
sewer is constructed. The main intercepting sewer will 
necessarily be built for a large part of the distance below 

•the level of high tide, and it is probable that there will be 
more or less leakage from the sea water near the harbor and 
ground water farther inland. We have assumed this leakage
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to be 25 per cent, of the prospective water supply of Salem 
and Peabody.

As before stated under the head of water supply, the 
manufacturing establishments in Salem use 250,000 gallons 
per day from their private supplies. As these are liable to 
increase in the future, we have allowed for double that 
amount, or 500,000 gallons. In Peabody the manufactur
ing consumption was estimated to be 2,500,000 gallons, and, 
allowing for future increase in the same proportion as in 
Salem, we have 5,000,000 gallons.

The unpolluted liquid wastes from the large manufactories 
usually consist of water taken from the harbor or streams in 
large quantities and used for condensing purposes; the tem
perature of the water is raised in the process, but it passes 
away unpolluted. As the sewage must be pumped, this clean 
water should not be allowed to enter the sewers, — the manu
facturers using this water should convey it back to the place 
from which it is taken; therefore no allowance is made for 
unpolluted waste water.

The water used for flushing purposes can be regulated by 
the authorities, and only such quantity used as the sewer 
can readily take care of. It is also probable that the flush
ing or cleansing of the sewers will take place at a time when 
the sewage is at its lowest flow ; therefore the allowance here
after mentioned for intermittent flow will be sufficient to 
provide for all water used for flushing.

The quantity of sewage mentioned above is based on the 
rate for twenty-four hours of each day. The domestic sew
age and the sewage from the large manufacturing establish
ments are usually discharged intermittently. The largest 
discharge of the domestic sewage usually occurs during the 
forenoon of each day, while sewage from some of the manu
facturing plants is frequently discharged in large volumes, 
sometimes from large tanks, during any portion of the 
working day. To provide for this fluctuating flow in the 
sewers during certain portions of the day, and for other con
tingencies, the quantity of the sewage to be removed iu 
twenty-four hours has been doubled. The following sum
mary will show the quantity of sewage for which provision 
should be made : —
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Gals. Gals,per Day. per Dtfy.Domestic sewage: —

Salem, for a future population of 78,000, at
80 gallons,.................................................. 6,240,000

Peabody, for a future population of 24,000,
at 80 g a l l o n s , .........................................  1,920,000------------ 8,160,000

Soil or ground water, say 25 per cent, of domestic sewage,. 2,040,000
Sewage from manufacturing establishments in Peabody, . 5,000,000
Sewage from manufacturing establishments in Salem, . 500,000

15,700,000
Allowance for intermittent flow and contingencies, . . 15,700,000

T o t a l , ..........................................................................  31,400,000

D isposal of  th e  S ew a ge .
Three methods for the disposal of the sewage have been 

considered: —
1. By filtration through the soil.
2. By chemical precipitation, the effluent to be discharged 

into the rivers.
3. By discharging into the sea at some point where it 

will be unobjectionable.
To properly dispose of the sewage by land filtration would 

require 150 acres of land for the present quantity of sewage, 
and fully double that area for the future. The land should 
be remote from thickly inhabited districts, and must contain 
a loose, gravelly soil, suitable for the proper purification of 
the sewage. If the land could be obtained, it would be 
necessary to build a pumping station for forcing the sewage 
to it, and to prepare the land to receive it by building filter 
beds, carriers, gates, drains, etc. The yearly expense of 
maintaining the beds would be considerable, and the cost 
of pumping would exceed that of pumping it into the sea. 
From our examination of the land in the vicinity of Salem 
and Peabody, we are unable to find a tract of sufficient area 
suitable for the purpose.

To clarify the sewage with chemicals and discharge the 
effluent at some suitable place would require an expensive 
plant, including pumps, reservoirs, etc., and an expenditure 
of from 30 to 40 cents per inhabitant per year for chemicals 
and labor. The first cost of the plant would be as much or
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more than the sea outlet, while the annual expense would 
far exceed it. This method of disposal is not recommended, 
on account of the cost of the plant and the yearly expense 
of operating it.

The situation of Salem and Peabody is such that the best 
practical method of disposing of the sewage of these places 
is by discharging it into the sea, at some suitable point 
where the sewage will become well diluted. To accomplish 
this it will be necessary to collect all the sewage at some con
venient point in the city of Salem, where it can be pumped 
and forced out to sea.

For the purpose of obtaining data to aid in determining 
the best place for discharging the sewage, surveys, sound
ings and float experiments were made, and the depth of 
wafer, direction and velocity of tidal currents ascertained. 
A tracing of a map of Salem harbor and vicinity, made by 
the United States Coast and Geodetic Survey, was obtained 
at Washington, D. C., and from it prints were taken upon 
which to record the results of our experiments. This map, 
with the soundings and other information, has recently been 
published in the annual report of the United States Chief of 
Engineers of 1895, Appendix B. The location of points 
and depth of water in the harbor and other information, as 
shown on the maps herewith submitted, have been taken 
from the United States survey above mentioned.

A series of float experiments was made in September and 
October, 1895, under the direction of Laurence Bradford, 
C.E., who had charge of similar experiments in Boston har
bor in 1883, in connection with the metropolitan sewer sys
tem. These experiments were made by sending off floats 
from several places in the harbor. The floats were made of 
three-inch by four-inch spruce sticks, three or six feet Ions', 
loaded at the bottom, so that they would always remain ver
tical, and submerged nearly the whole length. A small flag 
was placed on top, to aid the observer in locating the posi
tion of the float. A number of floats were sent off each 
day, usually half a dozen. They were started at high or 
low tide or at regular hours thereafter, and were followed 
by the party in boats until night. As they were carried 
along by the wind or tide, the position of each float and the
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state of the wind and tide were observed and recorded at 
frequent intervals of time. The paths followed by the floats 
were plotted on charts, which have been sent to you from 
time to time during the progress of the work.

Four localities in the harbor Avere selected as desirable 
starting points for the floats : Fort Pickering, on the south
easterly side of Winter Island, which was. recommended as 
a place of sewage disposal by E. W. Bowditch, C.E., in his 
report of Dec. 28, 1885 ; Lobster Rocks, in Beverly harbor, 
which was recommended by the commission which reported 
in 1877, also in 1883 by Eliot C. Clarke, C .E .; Great 
Haste, because it is remote from any shore where the sew
age might cause trouble ; and Great Aqua Vitae, on account 
of the reduced length of outfall required to reach it as com
pared with Great Haste, which is nearly a mile farther 
out.

From a point 450 feet south-west of Fort Pickering Light 
forty-seven floats were sent off. Twenty-five were started on 
the ebb tide and twenty-two on the flood. Four of those 
started on the ebb, of which two were six feet long and two 
three feet, were forced by the wind against the tide toward 
the city. Another float, six feet long, sent off at high water, 
was kept near the starting point for three hours by a light 
north-east wind. Three were started on the ebb tide at one 
hour after high water (the most favorable stage of the tide 
for discharging sewage) : the one sent off September 10, dur
ing a light north-east wind, reached Abbot Rock Beacon, a 
distance of 0.4 of a mile, in three hours and nine minutes, and 
travelled at the rate of 0.12 of a mile per hour ; the float sent 
off September 7, in a light north-east wind, went out into the 
main channel for about half a mile in three hours and thirty- 
five minutes, or at the rate of 0.15 of a mile per hour; the 
third float, sent off September 18, in a north-east wind, went 
out to within 0.4 of a mile of Great Haste and travelled a 
distance of 1.1 miles in five hours, or at the rate of 0.22 of - 
a mile per hour, then turned and came toward the city with 
the flood tide, and travelled in the succeeding two hours and 
a quarter at the rate of 0.27 of a mile per hour for a dis
tance of 0.6 of a mile in the direction of Fort Pickering. 
Two floats were sent off on the ebb tide two hours after
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high w ater: the one sent off September 18 was carried to a 
point about midway between the Willows and Great Haste 
at the rate of 0.4 of a mile per hour for a distance of about 
one mile, when it returned with the flood tide at the rate of 
0.2 of a mile per hour; the other, under the influence of 
a strong south-west wind, reached a point three-fourths of a 
mile outside of Great Haste and travelled a distance of 2.1 
miles in five hours and thirty-five minutes, or at the rate of 
0.35 of a mile per hour. The remaining fifteen floats, 
started on the ebb tide, showed a general tendency to go 
well out into the bay.

The floats that were sent off on the flood tide all started 
toward the c ity ; four stranded on the flats in Cat Cove, and 
two on the flats north of the Philadelphia & Reading coal 
■ wharf. Eight floats turned with the tide and were carried 
outside of Fort Pickering, while the remaining eight floated 
slowly in the inner harbor.

The experiments near Fort Pickering show that tidal cur
rents in this vicinity are slow, that floating substances are 
largely influenced by the wind, and that, if sewage should 
be discharged here during the flood tide, floating matter 
wrnuld be liable to deposit on the flats near the city.

From Lobster Rocks near Beverly bridge fifteen floats 
were sent off, seven on the ebb and eight on the flood tide. 
Four of those which were started on the ebb were carried 
well out into the bay, two of them being driven by a fresh 
north-west wind, at the rate of 0.4 and 0.5 of a mile per 
hour respectively, into the vicinity of Marblehead. One 
started out toward the bay, but was brought back by the 
next flood tide and floated around near the starting point. 
Two floats were started together one hour after high tide, 
one three feet and the other six feet long ; both were driven 
inward in a south-easterly direction by the wind and against 
the tide, at the rate of 0.2 of a mile per hour for about 0.3 
of a mile, where the longer one remained, and the short one 
turned with the wind and travelled north-westerly to a point 
near Beverly bridge.

Of the eight floats sent off on the flood tide, two were 
carried up Bass River towards Beverly to a point a quarter 
of a mile above Bridge Street, one up the Essex Branch
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River nearly to Danversport, another started up the river 
but turned before reaching Beverly bridge and then went 
well out into the bay ; the remaining four floated slowly 
around near the rocks.

The float experiments show that the tidal currents in the 
vicinity of Lobster Rocks are uncertain, and that sewage 
discharged there, even at the most favorable stage of the tide, 
might not be carried out to sea.

At Great Aqua Yitaj Beacon, which is about half a mile 
seaward from Fort Pickering, the float experiments were con
fined to the flood tides, with one exception. Twenty floats 
were sent off, six being from the immediate vicinity of the 
Beacon, and the remaining fourteen from two points about 
900 feet to the north, in the main channel. The float sent 
off from the Beacon on the ebb tide started three hours after 
high water and travelled with the tide outward at the rate of 
0.15 of a mile per hour for a distance of 0.25 of a mile, when 
it turned with the tide and travelled inward at the rate of 
0.1 of a mile per hour. Five floats were sent off on the flood 
tide. Two of these, sent off October 2, went out to sea 
with the wind, one going for a distance of 0.25 of a mile per 
hour with the wind and against the tide, and then, the tide 
having turned, continuing with the wind and the tide at the 
rate of 0.5 of a mile per hour ; the other travelled for a dis
tance of 0.2 of a mile with the wind and against the tide at 
the rate of 0.2 of a mile per hour, and after the tide had 
turned continuing with the wind and tide at the rate of 0.3 
of a mile per hour. Two sent oft’ October 3, one three and 
the others four hours after low7 wrater, during a slight west
erly wind, travelled southerly ; the one sent off three hours 
after low water travelled at the rate of 0.1 of a mile per 
hour and the other at the rate of 0.2, then both turned at the 
same time and w7ent easterly with the tide and travelled near 
the Marblehead shoi-e at the rate of 0.1 of a mile per hour to 
near Peach Point. A fifth float sent off October 4 started 
toward the city with the tide and under the influence of a 
strong north-east wind at the rate of 0.3 of a mile per hour 
for a distance of 0.7 of a mile, to just inside of Naugus 
Head.
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The floats sent oft' from points a short distance north of 

the Beacon gave the same general results as those from the 
Beacon itself.

The float experiments show that the tidal currents near 
Great Aqua Vitae are slow, and that floating substances 
would be influenced by the wind, but probably would not 
be deposited on the flats.

From Great Haste, which is out in the bay 1.3 miles east 
of Fort Pickering, eleven floats were sent off, and all were 
carried out to sea. That which started on the commence
ment of the flood tide was carried inward for a distance of 
0.3 of a mile, when it turned and went seaward.

The experiments prove that the sewage, if discharged at 
this point, would be carried well out to sea, and would not 
cause any ti’ouble along the shores.

The float experiments in Salem harbor and vicinity show 
that the tidal currents are slow and weak, the average ve
locity during the early ebb in calm weather being about 0.3 
of a mile per hour; while at Moon Island in Boston harbor, 
where the south metropolitan sewers discharge, the average 
velocity of the early ebb tide is 0.74 of a mile per hour; 
and at Deer Island, where the north metropolitan sewers 
discharge, the velocity is more than 2.5 miles per hour. 
The reports on sewage disposal at Providence, R. I., record 
a velocity of about 0.6 of a mile per hour. If  the sewage is 
discharged near the shore and into the slow currents in 
Salem harbor, it is probable that it would not be carried 
seaward a sufficient distance to prevent the flood tide from 
bringing it back. The action of the floats shows that the 
sewage floating upon the surface of the water may be driven 
by the wind against the weak tidal currents.

From a careful study of all the conditions, we conclude 
that the sewage should be discharged into the sea at a long 
distance from shore, and that it should be discharged con
tinuously, or as fast as it reaches the pumping station, as 
by this method a small stream of sewage will mingle with 
the large and constantly moving body of the sea water and 
become thoroughly diffused. If  a twelve-hour run of sew
age is collected in a reservoir and the whole discharged into
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the harbor in a short space of time od a favorable tide but 
with unfavorable wind, the sewage may be driven on the 
shore by the wind in such quantities a3 to cause a nuisance ; 
while, if the same quantity of sewage were discharged con
tinuously during the twelve hours, it would be diluted to 
such an extent as not to cause any trouble.

If sewage is discharged at Fort Pickering at all stages of 
the tide, portions of it are liable to deposit on flats near the 
city. To retain the sewage in a reservoir on Winter Island 
and discharge it on the early ebb tide or one hour after high 
water would result in pouring into the harbor in a short 
space of time a large volume of sewage, which might be 
driven b}r the wind on the shores in the immediate vicinity, 
or, if not influenced by the wind, would go seaward with 
the tide at the rate of 0.3 of a mile per hour for a distance 
of about a mile, when the incoming tide would probably 
turn it back.

The estimated cost of a reservoir on Winter Island of 
5,000,000 gallons capacity is $105,500, exclusive of the 
land. This sum of money will pay for the laying of over a 
mile of pipe under the harbor, thereby disposing of the 
sewage at a place which is free from any objection.

Lobster Rocks are within a quarter of a mile of the thickly 
settled portion of Beverly, which is a sufficient reason why 
they should not be regarded as a proper place to discharge 
sewage, and the float experiments before mentioned show 
that the currents are not favorable for conveying the sewage 
out to sea.

If  sewage is discharged at Great Aqua Vitas Beacon, a 
very small portion might be carried into the inner harbor, 
but it is not probable that it would reach any of the flats or 
come within three-eighths of a mile of the city. An unfa
vorable wind might drive a portion of it towards the shores 
of Marblehead or Winter Island, but if the present quantity 
of sewage from Salem and Peabody is discharged contin
uously it would probably be so diffused as to cause little 
trouble. I f  the population should increase, thereby aug
menting the volume of sewage discharged, it would be liable 
to cause some trouble in the future.



1898.] HOUSE — No. 1301. 39
Great Haste is well out in the bay, being about one mile 

east of Salem Willows and the same distance from the Bev
erly shore on the north and the Marblehead shore on the 
south, and is a suitable and safe place to discharge sewage. 
It is about 11,300 feet, or 2.14 miles, from the proposed 
pumping station on Derby Street, and the expense of laying 
this long force main is the one objection to an outlet at this 
point.

It is recommended that the system be arranged and built 
to discharge ultimately at Great Haste. To reach this point 
the foi’ce main will pass near Fort Pickering and Great Aqua 
Vitas, and I would suggest that a trial be made of discharg
ing it near Fort Pickering continuously; if this pi’oves un
satisfactory, it can then be extended to Great Aqua Vitae or 
Great Haste, as the conditions then existing may require.

R ecommend ations .
It is recommended in brief that a trunk sewer be built in 

the North River valley from a point near Peabody Square 
through Salem to a pumping station on Derby Street at the 
Philadelphia & Reading coal wharf, and that the sewage at 
that point be raised by pumps and forced out to sea through 
pipes laid under the harbor to a point of ultimate discharge 
in the vicinity of Great Haste and a temporary discharge 
near Fort Pickering at the south-easterly end of Winter 
Island, or at Great Aqua Vitas Beacon, all of which is 
described in detail below.

Trunk Sewer. — From our surveys and levels in Peabody 
it is found that the sewage of that portion of the town above 
and in the vicinity of Peabody Square and lying within the 
water-sheds of Proctor’s and Goldthwaite’s brooks can best 
be brought to the junction of Walnut and Central streets, 
and it is proposed that the main trunk sewer be begun at 
that point with its bottom (inside) at an elevation of 12.5 
feet above mean low tide. From this point (see Plan No. 
2) the proposed sewer runs easterly in Walnut Street, with 
a diameter of 3 feet 2 inches, to the brook near Wallis 
S treet; thence, with a diameter of 3 feet 9 inches, in Walnut
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Street to Union Street, where a branch will be provided to 
receive the sewage from the water-shed of a small brook 
which lies north of Walnut Street. Thence the trunk sewer 
will continue in Walnut Street with the same diameter to 
Caller Street, where it will enlarge to 4 feet in diameter. 
The sewage from the water-shed of Strong W ater Brook, 
which lies southerly of Walnut Street, will be received by 
a branch near Grove S treet; thence the trunk sewer will 
continue easterly, still 4 feet in diameter, crossing the 
boundary line between Salem and Peabody and followdng 
Harmony Grove Street to a point opposite Peter Sim & 
Sons’ morocco shop, where it will turn slightly to the south 
and cross the premises of the Bay State Belting Company 
to Grove Street in Salem. I t  will there turn southerly 
across the Peabody branch of the Boston & Maine Railroad, 
and then again turn and run eastward between the railroad 
and North River through private lands to the northerly side 
of Noi'th River, which river will be crossed beneath its bed 
by an inverted siphon of two iron pipes, 3 feet in diameter, 
extending to Bridge Street, where provision will be made 
for receiving the sewage of that section of Salem.

The existing public sewer at this point is a stone drain at 
too low an elevation to admit of connection with the trunk 
sewer; it will be necessary, therefore, to provide a new 
pipe sewer, laid at a flatter grade, for a length of about 800 
feet, above the proposed point of connection on Bridge 
Street. This branch is designed for dry-weather flow only, 
and consequently may be of small diameter; the storm 
water is to be discharged into the river by the old stone 
drain, as at present. The sewer now discharging into the 
river at Grove Street may be diverted through a new sewer 
in Goodhue Street and connected with the new pipe sewer 
above mentioned, or it may be carried under the river at 
Grove Street and connected with the proposed trunk sewer.

After crossing the North River, the trunk sewer will con- 
tinue eastward along Bridge Street, 4.5 feet in diameter, to 
North Street, where the sewage of a large portion of North 
Salem and a portion of Salem proper will be received; 
thence, 5 feet in diameter, along Bridge Street to Winter
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Street, receiving considerable additions of sewage along its 
course, especially at Howard Street. At this point, as at 
some others, provision will have to be made for passing the 
storm water of the existing sewer systems under the new 
trunk sewer by an inverted siphon, so as to discharge the 
storm water into streams or harbor, as elsewhere explained. 
From Winter Street the trunk sewer will be carried through 
private lands, Parker Court and Webster Street to Webb 
Street, where the sewer from Collins Street and vicinity will 
be connected, thence obliquely across the Boston & Maine 
freight tracks and in a south-easterly direction along the 
south-westerly edge of Collins Cove, closely adjoining the 
railroad embankment, to Fort Avenue. Crossing Fort Ave
nue and private lands, the trunk sewer will reach Derby 
Street, where it will receive the important new Derby Street 
sewer as well as the sewer on Webb Street, and be increased 
from 5 feet to 6 feet in diameter. A length of about 100 
feet of the latter size, running across Derby Street, will 
carry it into the proposed pumping station adjoining the 
north-easterly side of the Philadelphia & Reading coal wharf. 
Before reaching the pump wells the sewage will pass through 
an enlarged cross-section of sewer, 60 feet long, designed 
to act as a sand-catcher, which will collect the sand and 
heavy matter discharged into the trunk sewer through the 
existing sewers, which receive surface water from streets 
and lands. The lighter suspended matters will then be 
intercepted by screens.

The trunk sewer will be constructed of brick and concrete 
masonry, with foundation of timber and piles where neces
sary. The design includes under-drain pipes along the whole 
length of the trunk sewer. Along the upper portion it will 
be possible to provide permanent outlets for these under
drains into the North River, so as to effect a discharge of 
subsoil water. The water from the under-drains in the lower 
portion will be removed by temporary pumps used during 
construction, after which the drains will bo discontinued.

Sizes and Lengths. — The following table shows the vari
ous sizes of sewer, with length of each, of which the trunk 
sewer is composed : —
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D iam eter . L eng th(F ee t) . T o ta l(F ee t) .
A . In  P e a b o d y : —P eabod y  S q uare  to near W allis  S tree t, . . . . .

Ft .  In.
3 2 608

D up lica te  cas t iron  p ipe  c rossing u n der stream , . 2 0 24
N ear W a l 'is  S tree t to  C aller S t r e e t , ....................................... 3 9 1,168
C alle r S tree t to Salem  line , a t G rove S tree t, 4 0 700

T o ta l leng th  in P e a b o d y , ................................................. 2,560
B. In  Salem  : —P eabod v  line to u p p e r end of siphon  a t B ridg e  S tree t, 4 0 3,377D up lica te  cast-iron  siphon  u n d e r N orth  R iver, 3 0 65

L ow er end of sip hon  to N o rth  S tre e t............................................ 4 6 2,658
N o rth  S tree t to  D erb y  S t r e e t , ................................................. 5 0 5,540
D e rb y  S tree t to  pu m p ing  s t a t i o n , ................................................. 6 0 100

T o ta l leng th  in S a l e m , ........................................................... 11,740
T o ta l leng th  of tru n k  s e w e r , ....................................... *14,300

* E q u a l to 2.71 m iles.

Capacity o f  Trunk Sewer. — The trunk sewer, 6 feet in 
diameter at the pumping station, will remove 38,000,000 
gallons of sewage in twenty-four hours, running two-thirds 
full, or 48,000,000 gallons if running fu ll; and the succes
sive diminutions of size, to 3 feet 2 inches diameter near 
Peabody Square, have been determined by a study of the 
existing and probable future conditions, as regards population 
and manufactures along its course, together with the available 
fall. A trunk sewer is recommended with a capacity, when 
two-thirds full, which is greater by 7,000,000 gallons per day 
than the estimated future quantity of sewage, in order to pro
vide for unforeseen contingencies and because this larger 
size would make but little difference in the cost of construc
tion. The uppermost length of sewer, 3 feet 2 inches in 
diameter, will have a fall of 1 in 450 ; the 3 ft. 9 inches and 
4 ft. sewers, 1 in 1,000 ; the 4 ft. 6 inches sewer, 1 in 1,500 
the 5 ft. sewer, 1 in 2,000; and the 100 feet length of 6 ft. 
sewer, 1 in 2,500.

P umping  Station .
It is proposed to erect a pumping station, measuring about 

120 by 70 feet, on the south-easterly side of Derby Street, 
adjoining the north-easterly side of the Philadelphia & Read
ing coal wharf. The sewage will there be lifted from an 
elevation of 8 inches above mean low water to a sufficient 
height, varying with the tide, to discharge it into the sea at 
Fort Pickering, Great Aqua Vitas Beacon or Great Haste.
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The design of the proposed pumping station includes boilers, 
engines and pumping plant in duplicate, with suitable 
screening chambers and coal sheds, each single set of 
machinery to be capable of forcing 22,000,000 gallons per 
twenty-four hours to Great Aqua Vitae, and the building to 
admit of an ultimate extension of power equal to 50 per 
cent, of the original provision. By occasionally running 
both sets of machinery together a velocity of 5.25 feet per 
second can be produced temporarily, sufficient to remove 
deposits that may be liable to form in the harbor outfall 
pipe. In order to provide the necessary volume of liquid 
for this purpose, independently of the normal sewage flow, 
tide water should be admitted to the pump wells by arrange
ments contemplated in the design.

H arbor O u tle t .
The distance from the pumping station to Fort Pickering 

is about 3,200 feet; Great Aqua Vitae Beacon is about 3,100 
feet farther out, or 6,300 feet from the pumping station. It 
is proposed to construct the discharge conduit of 48-inch 
cast-iron pipes with hub and spigot joints, to be lowered in 
sections (formed of pipes put together above the water) into 
a channel dredged for its reception in the harbor bed, the 
upper part of the pipe being two feet below the original bed 
surface. The joints of the different sections would be made 
by divers. The same construction could be used for any 
eventual extension of the outfall to Great Haste, a further 
distance of nearly 5,000 feet beyond Great Aqua Vitae.

E stimates of  Cost .
The following estimates of cost have been based on the 

current contract prices for such work, and are considered 
sufficient to cover the whole cost of the scheme. To insure 
as nearly as possible correct estimates, test borings were 
made along the whole line of the trunk sewer, and the 
results used to determine the type of construction required 
by the varying character of the ground. No test borings 
were made in the harbor, and the estimates have been pre
pared on the basis that no ledge would be encountered in 
dredging the trench for the 48-inch force main.C O
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S alem and P eabody Sew erag e .
Estimate o f Cost.

A. Trunk sewer:
680 in.ft. 3 ft. 2 in. sewer at $8 41 per lin. ft., $5,718 80

1,180 “ 3 ft. 9 in. “ 9 64 “ 11,375 20
4,077 “ 4 ft. 0 in. “ 13 09 “ 53,367 93
2,658 “ 4 ft. 6 in. “ 13 29 “ 35,324 82
5,540 “ 5 ft. 0 in. “ 13 93 “ 77,172 20

100 “ 6 ft. 0 in. “ 18 53 “ 1,853 00
65 “ North River siphon, . 4,550 00

14,300 $189,361 95
Add 15 per cent, for engineering and contingen

cies, . . . . . . . . .  28,404 05
Total for trunk sewers (being an average

of $15.23 per lin. f t . ) , ......................................... $217,766 00
B. Pumping station : —

Sand-catcher and screening plant,
Foundations, pumping wells and connections, . 
Superstructure, including chimney and coal shed, 
Engines and p u m p s ,.........................................

$ 10,000 00 
20,000 00 
22,000 00 
40,000 00

$92,000 00
Add 15 per cent, for engineering and contingen

cies, 13,800 00
Total for pumping s t a t i o n , ................................. 105,800 00

C. Harbor outfall at Great Aqua Yitfe : —
6,300 lin. ft. of 48 in. cast-iron pipes laid below

bed of harbor, at $ 1 5 , .................................$94,500 00
Protection of outlet, . . . . . .  2,500 00

$97,000 00
Add 15 per cent, for engineering and contingen

cies, . . . . . . . . .  14,550 00
Total for 48-inch outfall, . 

Land damages, . . . .
111,550 00 

5,000 00
Estimated cost of scheme with outlet at Great Aqua Vitas, 
Deduct if outlet is at Fort Pickering,................................

$440,116 00 
53,000 00

Estimated cost of scheme with outlet at Fort Pickering, $387,116 00
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M ethods b t  w hich  S alem and P eabody may u tilize  
the  T runk  Se w e r .

The thickly settled portion of Salem is already provided 
with about 40 miles of sewers, which discharge at 25 
separate outlets. The proposed trunk sewer will intercept 
the present outlet sewers now discharging into the North 
River from Salem proper at the following places : Grove 
Street, Bridge Street, Flint Street, Carpenter Street, Beck- 
ford Street and Howard Street.

The new Derby Street sewer can be connected with the 
proposed trunk sewer by building about 100 feet of new 
sewer. An extension of the Derby Street sewer up South 
River valley will intercept the sewers now discharging into 
the South River. A branch from the Derby Street sewer 
at Union Street, crossing under South River, thence in Pea
body and Perkins streets to Palmer’s Cove, thence continu
ing southerly along the shore of Palmer’s Cove to Ocean 
Avenue, will intercept the sewers now discharging into the 
harbor at La Grange Street, Leach Street, Willow Avenue 
and Ocean Avenue. An extension to Lafayette Street at 
the Boston & Maine Railroad crossing, and a still further 
extension to Loring Avenue at Forest River, will provide 
for the undeveloped area in the water-shed of Forest River, 
which should be sewered by the separate system. The 
elevation of the proposed sewer at the junction of Loring 
Avenue and Forest River Road will be 10.80 feet above 
mean low water, or about 1 foot above the average high- 
water line. This elevation of the proposed sewer will make 
it necessary to fill some of the vacant lands east and west of 
Loring Avenue, or to place the plumbing in future buildings 
at such an elevation that good sewerage may be obtained. 
A feasible line is shown by a broken red line on Plan No. 1.

Salem Neck and Winter Island, including the Willows, 
may be sewered by building a main sewer from the Willows 
running southerly in Fort Avenue to a point near the Juni
per House, from which it would follow near the westerly 
shore of Cat Cove, thence crossing private lands to Fort 
Avenue near Derby Street, and thence southerly in Derby 
Street to the proposed pumping station. Surveys and levels
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have been taken over the proposed line, which is delineated 
by a broken red line on the accompanying plan (No. 1).

North Salem is provided with sewers in the thickly settled 
parts which discharge into North River. The Mason Sti’eet 
sewer now discharging into the river should be carried east
erly in Mason Street to the North Street sewer. The sewer 
now discharging into the river at Dearborn Street may be 
intercepted by a new sewer running southerly along the 
westerly bank of North River to the North Street sewer. 
The North Street sewer, together with the proposed sewers 
from Mason and Dearborn streets, just mentioned, may be 
carried under the river at North Street by an invei’ted siphon, 
and connected with the proposed trunk sewer at the junction 
of Bridge and North streets. Kernwood and the vacant 
lands lying north of the Catholic cemetery may be sewered 
by extending the sewer which will intercept the Dearborn 
Street sewer, above mentioned, in a north-westerly direction 
from Dearborn Street to and beyond Cold Spring, as shown 
by the broken red lines on Plan No. 1. The Thorndike 
Street sewer provides for a small population, and discharges 
into the North River near Beverly bridge. It is practicable 
to rebuild the sewer on a reversed grade and connect it with 
the 15-inch sewer running southerly from Pierce Avenue in 
an unnamed street next easterly of Bridge Street. This 15- 
inch sewer is one of the tributaries of the Derby Street 
sewer, which is to be connected with the proposed trunk 
sewer, as before described.

Peabody is not yet provided with public sewers. The 
proposed trunk sewer is to be laid in Walnut Street from 
Central Street near Peabody Square to the Salem line, a dis
tance of 2,560 feet. I t will be practicable for Peabody to 
provide for itself a system of sewerage with outlets into the 
proposed trunk sewer for its main lines of sewers as follows : 
at the junction of Walnut and Central streets, which will 
provide for that portion of the town lying on the water
sheds of Proctoi'’s and Goldthwaite’s brooks; on Walnut 
Street, at Union Street, by a main sewer, which will provide 
for the area lying north of Walnut Street and within the 
water-shed of a small brook which crosses Walnut Street 
near Union Street; on Walnut Street, at or near Grove



1898.] HOUSE — No. 1301. 47
Street, to provide for the area lying south of Walnut Street, 
and comprising the water-shed of Strong Water Brook. 
The proposed lines of main sewers in Peabody which will 
have an outlet into the proposed trunk sewer have been 
determined from surveys and levels, and are shown by 
broken red lines on Plan No. 1.

Summary.
The recommendations contained in this report are briefly 

summarized below, following in the same order as men
tioned in chapter 112 of the Resolves of the Legislature of 
1895, under the authority of which this report is made : —-

1. The territory embraced in the plans herein reported 
includes the city of Salem and that part of Peabody lying 
within the water-shed of North River. It contains an area 
of 18.1 square miles, and is shown by a heavy yellow line 
on Plan No. 1, hereto annexed.

2. A trunk line of sewer is recommended from Central 
Street in Peabody to the harbor in Salem, where the sewage 
is to be pumped and discharged into the sea through an 
outlet pipe laid under the harbor. A plan and profile of 
the trunk sewer and outlet may be found on Plan No. 2, 
hereto annexed.

3. Various methods of sewage disposal have been con
sidered, and an outlet into the sea is recommended. The 
methods by which the city and the town may utilize the 
trunk sewer are described in detail in the report, and the 
main lines are shown by broken red lines on Plan No. 1, 
hereto annexed.

4. Surveys have been made and levels taken to deter
mine the location and grade of the trunk line of sewer and 
also in parts of Salem and Peabody, for the purpose of 
finding practicable routes for the main lines of sewers, by 
which each may so provide for itself a system of sewerage.

5. The size of the proposed trunk sewer at its commence
ment in Peabody is to be 3 feet 2 inches in diameter, and to 
increase in size at several places along the line to the pump
ing station, where it will be 6 feet in diameter, all as shown 
in detail on Plan No. 2. The capacity of the sewer at the 
pumping station for a day of twenty-four hours will be
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48,000,000 gallons running full, and 38,000,000 gallons 
running two-thirds full. The materials recommended for 
the trunk sewer are brick and concrete masonry with a 
foundation of timber and piles where necessary; the river 
crossings and harbor outfalls are to be of cast-iron pipe.

The estimated expense of the proposed plan is §440,116 
with an outlet near Great Aqua Vitas, and §387,116 with an 
outlet near Fort Pickering.

The act calls for estimates of the cost of main branches, 
but as a single line of trunk sewer is recommended and no 
other town is included in the scheme besides Salem and Pea
body, no main branches are required and therefore no esti
mates are given.

Salem  and P eabody S ew erage .
Statistics (1895).

S alem . P e a b o d y .

Population in 1895, . . . .  Population in 1890, . . . .

31,473 10,50730,801 10,158Population in 1885, . . . . 28,090 9,530Area (square miles), . . . . 7. 9 16.8 .Number of dwellings, . . . . 1,719 1,749Number of polls, . . . . . 9,477 3,122Valuation of real estate, §17,076,400 00 §5,346,250 00Valuation of personal estate, 10,498,200 00 2,487,500 00
Total valuation, . . . . §27,574,600 00 §7,833,750 00

Total tax l e v y , ................................. 529,084 10 120,225 25
Rate of taxation per § 1,000 in 1895, 18 50 15 00
Net indebtedness,................................. 1,100,523 20 177,378 95
Valuation of property owned by townor c i t y , ......................................... 700,000 00 710,875 83

Water supply : — 900,000Gallons pumped per day, about, . 2,250,000Daily consumption per head, about, 65 86
Miles of water pipe, . . . . 64 30.6
Streets, public and private (miles), 75 37

Name changed from South Danvers to Peabody in 1868. 
South Danvers set off from Danvers in 1855.
Danvers set off from Salem in 1752.

Respectfully submitted,
GEO. A. KIMBALL,

Civil Engineer.
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REPORT OF CONSULTING ENGINEER.

B oston, M ass., July 10, 1896.

To the State Board of Health.
G entlem en  : —  In the letter of your chief engineer dated 

January 1 last I was requested to “  advise relative to plans 
for a joint system of sewerage for Salem and Peabody, which 
are now being prepared by Mr. Geo. A. Kimball, C .E .”

For the disposal of the sewage of these two places Mr. 
Kimball has considered three methods; namely, by land 
filtration, by chemical treatment and by discharge into the 
waters of the outer harbor in a crude state. I agree with 
him in his conclusion that the best of these three methods to 
adopt is the last.

The float experiments that have been made to determine 
admissable points for discharge indicate that the tidal cur
rents in the outer harbor are quite feeble, and that the sur
face movement of the waters is largely controlled by the 
action of the wind.

To be unobjectionable, the point of discharge must be one 
from which the sewage cannot be carried, either by tidal 
currents or those induced by the wind, to any habitable 
shore, before it has been so dispersed and acted upon as to 
be lost to the senses.

Observations made at various times at Moon Island, the 
outlet of the sewerage system of the city of Boston, show 
that the large volume of sewage there discharged becomes so 
dilute within two hours after it is received by the waters of 
the harbor as to be beyond detection by sight or sm ell; and 
when the rate of discharge was reduced to 3(5,000,000 gal
lons per day, that in a run of about 3,200 feet, the dilution 
was such that the surface waters contained only one per cent, 
of sewage, as determined by chemical tests.
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Mr. Kimball calls attention to four places of discharge; 

namely, Lobster Rocks, the neighborhood of Great Haste, 
the neighborhood of Great Aqua Vitae Beacon and a point 
near Fort Pickering.

Any point near Lobster Rocks is evidently not a favorable 
place for the continuous discharge of a considerable quantity 
of sewage. The Rocks are quite near inhabited shores of 
Beverly and Salem, are in the vicinity of large areas of flats 
upon which the sewage would be carried by the incoming 
tide, and the floats started from this point indicate that even 
the currents of the outgoing tide would not satisfactorily 
dispose of the sewage.

Great Haste is so far from all shores that it is a safe point 
for discharge, but the cost of utilizing it would be so great 
that a point nearer the Salem shore, although less desirable, 
must be sought.

From a study of the map alone it would appear that Great 
Aqua Vitte Beacon is a fairly good point for discharge ; for, 
although the north shore of Marblehead is only 2,000 feet 
distant, there is a channel between the beacon and the shore,, 
in which the normal tidal currents, it is natural to suppose, 
must be nearly parallel to the shore, and in crossing which, 
when driven by the wind, the sewage would be so largely 
dispersed by the current and broken up by wave action as 
to be rendered harmless. But, so far as can be inferred 
from the float experiments, there are no well-defined tidal 
currents passing this point, or at least they are so feeble that 
very light winds control the surface movements. Floats 
were carried from it by light winds to the vicinity of the 
shore against the apparent set of the tide. The movement 
of the floats, however, would be influenced to a much greater 
extent by the direction of the wind than would that of a body 
of water covered by sewage; and I  am of opinion that, before 
incurring the large expense of carrying the sewage to Great 
Haste, it should be ascertained by actual trial what objec
tions, if any, there are to discharging it near Great Aqua 
Vita?.

The fourth point considered, that south of Fort Pickering, 
is so near Salem shores that it cannot be regarded as in all 
respects a desirable place for discharge. The floats show,
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as would be naturally surmised, that sewage discharged here 
during the last of the ebb and the first of the flood tide would 
be carried to the flats of Cat Cove and its neighborhood and 
to the east and south shores of Winter Island. These shores, 
however, are very sparsely inhabited, and as in the plan 
recommended the sewage is to be thoroughly screened, to 
remove in chief part the floating substances, and for some 
years to come will not be so large in quantity but that it will 
be greatly diluted before it reaches any shore, I concur with 
Mr. Kimball in recommending that a trial be mado of this 
point as a place for continuous discharge.

As time goes on, if a tendency to create a nuisance is dis
covered, the remedy will be either to extend the outlet pipe 
to a point further from the city or to build a reservoir on 
Winter Island, in which the sewage would be stored during 
the last part of the ebb and the whole of the flood tide, to 
be discharged on the first of the outgoing tide, as is done 
with the sewage of Boston at Moon Island.

I have examined the plans proposed by Mr. Kimball for 
intercepting and collecting the sewage of Salem and Peabody 
and for carrying it to the outlet, and find them well adapted 
to their purpose. The capacities of the sewers are somewhat 
greater than it has been the practice to provide in works of 
this class, but they are no greater than the conditions to be 
met here make desirable.

I have made only a rough check of the estimates of cost. 
The unit prices for the sewers and outlet pipe appear to be 
ample. The estimate for the pumping station and machin
ery I understand to be based upon the actual cost of similar 
plant of the north metropolitan drainage works. The allow
ance of 15 per cent, for engineering and contingencies is 
larger than is commonly made. Estimates for land damages 
are likely to be much too small, but a considerable percent
age increase in this item would not much increase the total 
sum. With present pr ices of labor and materials, the esti
mates appear to be large enough to fully cover the cost of 
the works.

To recapitulate: I am of the opinion that, considering, 
among other things, the cost of works and of operating, the 
best method of disposing of the sewage of Salem and Pea-
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body is by discharging it in a crude state into the waters of 
the outer harbor; that it maybe discharged continuously 
for a term of years at a point south of Fort Pickering with
out creating a nuisance ; that the plans devised by Mr. Kim
ball and described in his report to you for collecting and 
disposing of the sewage are well adapted to the purpose; 
and that the estimates are sufficient to cover the cost of the 
works. Respectfully submitted,

JOS. P. DAVIS,
Consulting Engineer.


