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CITY OF BOSTO

IN BOARD oF ALDEAMEN, Muay 11, 1885,
Ordered, ‘Khat the Committee an Tmproved Sewerage prepare and have printed a history of
the works wfer their charge, st an expense not excecding 81,500, 10 be ¢harged 10 the appropria-
tion for Improved Sewerage,

Taasgedd in Common Coeuncil, Qame up for eoneurrence. Concurred, Approved by the
Mayor, May 13, 1855,
A true copy.
Attent ; JOHN T. TRIEST,
Az’ City Clerk.

. IN Boarp oF ALDERMEN, Sept. 14, 1885,
Oedeped, That the Clerk of Comnittees o nuthorized to prepare and print one thoneand addi.
tional eopied of the “ Report on Main Drainage,” with an appendix giving a digest of the action
of the City Council In orlginating and prosecnting ihe work upon the system of Improved
Hewernge) the eXpense thus dnenrred 0 be cbarged (o the apprepristion for lmproved
Hewurage.
-
Tagwed. Bent down for coneurrence.  September 18, enme up concurred.  Approved by the
Mayor, Beptember 23, 1885,
A\ true copy.
Attest : JOIN T. PRIESRT,
't City Clerk.

I~x Boann oF AuvperdeN, Oct. 12, 1885,

Ordered, That the Clerk of Committees be authorized to huve two hundred copies of the

- Report on Main Drainage? printed, in addition te the number he is already authorized to

print, by nn order passed Sepuember 22, 1885; and the City Meseenyer b5 hereby authorized

to place sakld copies on sule in his oftice ut the price of one duvllar and twenty-five cents each, Lhe
procecds of such sale to be credited to the appropriation for Improved Sewerige,

Paswed, Sent down for concurrence.  October 13, cwme np concarred.  Approved by the
Mayor, Qctober 19, 1385,
A true copy.
Attest: JOHUN T. PRIEST,
Axs't City Clerk,

I~ Boairp oF ALDERMEN, Tlee. 27, 1887,
Ordered, That the Clerk of Committees be authorized to have an additional fifteen hundred
capies of the * Report on Main Drainage Works " printed; the expense thus jncurred 1o be
charged 1o the appropriation for Improved Bewerage, and that ten copfes be given to cach
wmember of this govermment.

Passesl,  Hent down for coneatrrence.

1x CoMyox Couxcir, Dee. 29, 1577,
Conciuirred.
Approved by the Mayor, December 31, 1887,
A true copy.
Altest JOnx T. PRIEST,
sy’ City Clerk.



PREFACE TO THIRD EDITION.

‘Lue desirability of reprinting the * History of the Main
Drainage Works * became manifest on account of the unabated
demand for the book among engineers and scientific men both
in this country and abroad. The City Engincer, in his request
to the City Council for another edition of the book, says: —

“There is a constant demand for copies of this book, both
from citizens and from others, the work having,-in addition to
its interest as a description of an important local improvement,
a great value to the engineering profession and to municipali-
ties contemplating similar improvements.”

The only changes to be found in the new reprint are in the
Appendices; the financial statement being continued to the
present date, and additions being made in the list of officials
and committees of the City Council connected with the work.

: J. L. H.

Crry Hairn, Boston, 1887,



PREFACE TO SECOND EDITION.

THE second edition of this work was ordered by the City
Council to meet the pressing calls for copies which were con-
tinually being reccived. This edition is an exact reprint of the
first, with the addition, in Appendix B, of a review of the actiou
of the City Council in regard to the origin and progress of the
work., The disconnected charvacter of the review will be ac-
counted for, when it is understood that the Committee on
Improved Sewerage, appointed cach year, had practically the
entire charge of the work, and exercised full executive powers in
regard to contracts, general construction, and the employment
of labor; while the City Council was merely called upon to act
in regard to matters that required legislation, the scttlement of
claims, the taking of lands, and general questions in regard to
the methods of carrying on the work., The extensive powers
of the Committee were set aside by the law amending the City
Charter, Acts of 1885, Chap. 266, which went into cflect June
26, 1885.

J. L. H.

Crry Hact, Boston, 1885.



PREFACE TO FIRST EDITION.

Thws briet description of the Main Drainage Works, of Bos-
ton, aims to record, for the henefit of engineers, an account of
the engineering problems involved and the methods of construe-
tion adopted. It also aims to give to the tax-payers and gen-
cral public a deseriptive account of why the large appropriation
for * An Improved System of Sewerage” was needed, and how
it has been spent. By attempting to accomplish both of these
puvposes it fulfils neither of them adequately ; sinee one class
of readers will find it too technical, and the other too deficient
in detail. It has been prepared amid pressing chgagements,
anid to save time the writer has not hesitated to borrow freely
from previous reports, by himself and others. Traces of such
compilation will, doubtless, be noticed by the discerning. It is
hoped that a fair idea of the works can he obtained from the
illustrations ; and that the description, even by its defeets, may
encourage other engineers to publish, as they too seldom do,
accounts of works with which they have been connected.

' E. C. C.

Crry Hawr, Boston, April, 1885.
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MAIN DRAINAGE WORKS.

CHATTER I.
EARLY HISTORY OF SEWERAGE AT BOSTON.

Tire conditions which necessitated a change in the system of
sewage disposal at Boston, and the problems to be solved in
making that change, ¢an be better understood after a brief con-
sideration of the early history of sewerage at that city and the
nmnper in which the sewers were originally built.

Boston was first settled in 1630,  When the first sewer was
huilt cannot now he determined, but it was earlier than the
year 1700, for already, in 1701, the population heing about
8,000, a nuisance had been ereated hy frequent digging up of
streets to lay new sewers and to repair those previously built;
and in town meeting, September 22, 1701, it was ordered,
* That no person shall henceforth dig up the Ground in any of
the Streets, Lanes or High-ways in this Town, for the laying ov
repairing any Drain, without the leave or approbation of two
or more of the Sclectmen.”

The way in which sewers were bailt at this time was, appar-
ently, this. When some energetic houscholder on any street
decided that a sewer was nceded there, he persuaded such of
his neighbors as he could to join him in huilding a street deain.
Having obtained permission to open the street, or perhaps
neglected this preliminary, they built such a structure as they
thought neccessary, on the shortest line to tide-water. The ex-
pense was divided Dbetween them, and they owned the drain
ahsolutely.  Should any new-comer, or any neighbor, who had
at first declined to assist in the undertaking, subscquently desive
to make use of the drain, he was made to pay for the privilege
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what the proprictors saw fit to charge. When a drain needed
repairing all persons using it were expeeted to pay their share
of the cost. '

As might have been expected, under such o system, great
dificulty was experienced in distributing fairly the expenses
and in collecting the sums duc; so that it hecame of sufficient
importance to engage the attention of the Legislature, and in
1709 an.net was passed regulating these matters.  [tis entitled,
" An Act — Passed by the Great and General Court or Assem-
Iy of her Majesty’s ! Province of the Massachusetts-Bay, For
regulating of Drains and Common Shores.?  For preventing of
Inconveniences and Dammages by frequent breaking up of
High-Wayes . . . . and of Differences arising among
Puartners in such Drains or common Shores about their I'ropor-
tion of the Charge for making and repairing the same.”

The act recites that no person may presutne to break up the
ground in any highway within any town for laying, repairing,
or amending any common shore, without the approbation of the
sclectmen, on pain of forfeiting 20 shillings to the use of the
poor of said town; that all such structures, for the draining of
cellars, shall be *substantially done with Trick or stock;”3
that it shall he Inwful for any inhabitant of any town to lay »
cominon shore or main drain, for the benefit of themselves and
others who shall think fit to join therein, and every person who
shall afterwards enter his or her particular drain into such main
drain, or by any more remote means receives henefits thereby,
for the dininage of iheir cellars or lands, shall be obliged to
piy unto the owner or owners a proportionate part of the chavge
of malking or repairing the sume, or of that part of it below
where their particular drain enters.  In ense of dispute the
sclectmen decided how much each person should pay, and there
was an appeal from their decision to the courts.

«Ifor one hundred and fifteen years the sewers in Boston were
built, repaired, and owned by private individuals under anthor-
ity of this act.

It may be donbted if most of themn were * substantially done
with brick or stock,” and there certainly was much difliculty

L Anne. * Sewers, 3 Stone.
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EARLY UISTORY OF SEWERAGE AT BOSTON. 15

ahout payments; so that in 1763 the act of 1709 was amended,
the amendment reciting that * Whereas it frequently happens
that the main drains and common shores decay or fitl up

. and no particular provision is made by said act to com-
pell such persons as dwell below that part where said common
shores are repaired, and have not sustained damage, to pay
their proportionable share thereof, as shall e adjudged by the
sclectimien, which has already ocensioned many disputes and
vontroversies,” therefore it was decrecd that in future alb per-
sons henefited should pay for repairs.

No further change was made till 1796, and then only to
provide that persons who did not pay within ten days of notifi-
cation should pay double, and that the sewers, besides being of
brick or stone, might be hmilt of such other material (probably
wood) as should be approved by the selectmen.

Under this act the greater part of Boston was sewered hy
private enterprise.  The object for which the sewers were built
wag, as indicated, " for the draining of cellars and lands.”  The
contents of privy-vaults, of which every house had one, and
cven the leakage from them, were excluded ; but they received
the waste from pumps and kitchen-sinks, and also rain-water
from roofs and yards.

That much refuse got into them is proved hy their frequently
being filled up, and as they had a very insuflicient supply of
water they were evidently sewers of deposit.  That they
served their purpose at all is due to the fact that the old town
drained by them, as shown in Plate 1., consisted of hills with
good slopes on all sides to the water.  Of this early method of
building sewers Josinh Quiney, then Mayor, said, in 1824:
" No system could he more inconvenient to the public, or embar-
rassing to private persons. The strects were opened with little
cire, the drains built according to the opinion of private in-
terest or cconomy, and constant and interminable vexatious
oceasions of digpute oceurred hetween the owners of the drain
and those who entered it, as to the degree of benefit and pro-
portion of contribution.”

In 1823 Boston obtained a city charter, and one of the first
acts of the city government wuas to assume control of all exist-
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ing sewers and of the building and care of new ones.  The
new sewers were built under the old legislative acts, and
the whole expense, as before, was charged to the estates Dene-
fited, being divided with reference to their assessed valuation.
A small, variable portion of the cost was, however, generally
assumed by the city, in consideration of the usc of the sewers
for removing surplus rain-water {from the public strects.

The city ordinances regulating sewers required that, when
practicable, they should be of suflicient size to be entered for
cleaning. . Some supervision was cxcreised over connecting
house-drains, and, if thought necessary, a strainer could he placed
on each.  Feeal matters were rigidly excluded until 1834, when
it was ordered that, while there must be no such conncction
between privy-vaults and drains as would pass solids, the
Mayor and Aldermen, at their discretion, might permit such
a passage ot connection as would admit fluids to the drain.
This action was perhaps due to an advent of cholera during the
previous year.  To assist in flushing out deposits, it was pro-
vided, in 1834, that any person might discharge rain-water from
his roof into the sewers, without any charge for a permit.  The
same yeur control of the sewers and sewer-nssessments was
given to the City Marshal.  He was especially to devote him-
self to the collection of assessments, new and old, which were
largely unpaid.  The other duties of the marshal probably pre-
vented him from devoting sufticient energy to the accomplish-
ment of this task; for it appears that, while there had been
expended by the city, for building sewers, from 1823 to 1837,
the sum of $121,109.52, there had been collected of this sum
but $26,431.31.

That there might be some one to give his whole time to the
financinl and administrative duties conuected with the sewer-
age system, a “Superintendent of Sewers and Draing™ was
appointed in July, 1837.  He was empowered to assess the
whole cost of any new scwer upon the veal estate, including
buildings benefited by it.  In 1838 the city decided to assume
one-quarter of the gross cost, and in 1840, in obedience to a
decision by the Supreme Court, it was ordered that the three-
quarters of the cost of sewers which. was to he paid by the
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abutiers should be assessed with reference to the value of the
fand only, without taking into consideration the value of build-
ings or other improvements, and such has been the practice up
to the present time. ' .

It is estimated that there are at the present time (18853)
about 226 miles of sewers in Boston. In 1373 there were
about 125 miles, and in 1869 about 100 miles. There are at
present supposed to be more than 100,000 water-closets in use
in the c¢ity ; in 1857 there were 6,500,
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CHAPTER IT.

CHARACTER AND DEFECTS OF THE OLD SEWERAGE SYSTEM.

Sucn changes have taken place in the coutours of the city,
through operations for recliming and filling tidal areas border-
ing the old limits, that from heing a site casy to sewer, Boston
became one presenting many obstacles to the construction of an
cfficient sewernge system. ‘

This will be understood from an exmmination of the plan of
the city proper, Plate V. On this plan the shaded portion rep-
resents the original aren of the city, and very nearly its limits
in 1823. The unshaded portion of the plan, indicating present
limits, consists entively of reclaimed land  filled to level
planes little above mean high water, the streets traversing such
distriets being seldom more than seven feet above that cleva-
tion. A large proportion of the house basements and cellars
in these regions are fower than high water, and many of them
are but from five to seven feet nbove low-water mark, the mean
rise and [ail of the tide heing ten feet.  This lowness of land
surface and of house cellars necessitates the placing of house-
draing and sewers at still lower elevations.  Most house-drains
are under the cellar floors, and fall in reaching the strect sew-
ers; the latter must be still lower, and in their turn fall
towards their outlets, which were ravely much, if at all, above
low water.

Morcover, as filling progressed on the borders of the city, it
beeawme necessary to extend the old sewers whose outlets would
have been cut off. The old outlets being generally at a low
elevation, even where the sewers themselves were sufficiently
high, the extensions had to be built still lower, and when of
considerable length could have but little fall towards the new
motuths.

As a consequence, the contents of the sewers were dammed
back by the tide during the greater part of cach twelve hours.
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To prevent the salt water flowing into them many of them
were provided with tide-gates, whloh closed as the sea rose, and
excluded it.  These tide-gates also shut in the sewage, which
accumulated behind them .1I0ng the whole length of the sewer,
as in a cesspool 5 and, there being no current, deposits oceurred.
The sewers were, in general, inadequately ventilated, and
the rise of sewage in them compressed the foul air which
they contained, and tended to force it into the house connee-
tions. To afford storage room for the accumulated sewage
many of the sewers were built very much larger than would
otherwise have been necessary, or than was conducive to a
proper flow of the sewage; and, as there would have been little
advantage in curved inverts where there was to be no eur-
rent, ﬁ.lt bottomed and rectungular shapes were frequently
adopted.

Although at about the time of low water the tide-gates
opened and the sewage escaped, the lutter almost immediately
met the incoming tide, and was brought back by it to form
deposits upon the flats and shores about the city. Of the large
amount of sewage which flowed into Stony Brook and the Back
Bay, and especially that which went into South Bay, between
Boston proper and South Boston, hardly any was carried
away from the vicinity of a dense population.

The position of the principal sewer outlets, and of the arcas
on which the sewage which caused most oflence used to accu-
mulate, i3 Iﬂdlcglt(‘d on Platc V. From thesc places foul-
smelling gases and vapors emanated, which were diffused to a
greater or less distance, according to the state of the tempera-
turc or of the atmosphere. Under certain conditions of the
atmosphere, especially on summer evenings, a well-defined
sewage odor would extend over the whole South and West
Lnds of the city proper.

This evil was thus described by the Cltv Board of Health in
one of their annual reports: —

Complaints of bad edors have been made more frequently during the
past ycar than ever lLefore.

They have come from nearly all parts of the city, bui espeeially and
geriously from the South and West Euds.
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Large territorics have been at once, and irequently, cuveloped in an
atmosphere of stench so strong as to arouse the sleeping, tervify the weak,
and nanseate and exasperate everybody.

It has been noticed more in the evening and by night than during the.
day ; although there is no time in the whole day when it may not come.

1t visits the rich and the poor alike. It fills the sick-chamber and the
office.  Distance seems to lend but little protection. Tt travels in a belt
half-way across the city, and at that distance seems to have lost none of its
potency, and, although its source is miles away, you feel sure it is direetly
at your feet. .

The sewers and sewage flats in and about the city furnish nine-tenths of
all the stenches complained of.

They ave much worse each succceding ycfu‘; they will be much worse
next year than this,

The acenmmulation of sewage upon the flats and abeut the city has been,
and ig, ripidly inereasing, until there is not probably & foot of mud in the
river, in the basins, in the docks, or ¢lsewhere in close proximity to the city,
that is not fonled with sewage.

Various pallintive mensuares were adopted.  The Back Bay,
into which the waters of Stony Brook, and with them most of
the sewage of Roxbury and Jamaica Plain, nsed to empty, was
lutely partly filled with gravel, forming the present Back-Bay
Park. The brook was carried in a covered channel to Charles
River, which somoewhut Tessened the nuisance caused by it, or at
least transferved it to another loeality.  Owing to complaints
from the physicians of the City Hospital and other residents in
that neighborhood, the city purchased and filled the upper por-
tion of Old Roxbury Cuanal at the head of South Buy. The
sewers emplying into it were extended, and the position of the
nuisanee cansed by them was thus altered by a few bundred
feet. In gencral terms, it may be said that none of the old
gewer outlets were in unobjectionable locations.

Tlere are no plans in detail of the sewers of Boston. Many
of the older ones have ho man-holes.  In some streets several
sewers exist side by side.  Ocensionally a sewer is found built
directly ubove an older one.  Probably ounc-half of the larger
main sewers are wholly or partly huilt of wood, and have flat
bottoms.  An unwise provision was nserted in the charters of
some of the private corporations organized for the purpose of
recluiming and filling areas of fiats, by which it was stipulated
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that the corporations should themselves extend all sewers whose
discharge would be obstructed by the filling. Such extensions
were made without system, by building tlat-bottomed wooden
scow sewers, which were laid upon the soft surfice of the flats
before the filling was done.  Cross-sections of various common
forms of existing city scwers arc shown on Plate II., Figs.
1 to 22. Tig. 22 shows Stony-Brook culvert, which consti-
tutes the lower mile of Stony Brook and is that part of it which
is covered and used as a sewer. .

One fact which increased the danger arising from the dam-
ming up of the sewers, and the conscquent compression of their
gaseous contents, was that the house-drains connecting with
these sewers were ill adapted to resisting this pressure.  Most
of them were bailt of brick or of wood, before the rise of mod-
ern ideas in regard to sanitary drainage; and, as they were
usually leaky, the gases forced into them found ready egress
into the houses. Figs, 23 to 29 on Plate 11, show common
forms of these house-drains.

The drains differ greatly in size. Of 113 which were ob-
served while huilding the intercepting sewers in 1878, —

11 were about 4 inches in diameter.

4 1 5 i 154
21 13 ﬁ 1 Y]
5 13 7 ¥ (%9
27 ’ ‘4 8 ok §¢
8 I 4] 4 13
11 i 10 13 1
26 4 12 L ¢ or more.
113

Of these 113 drains, ) were level and 14 pitched the wrong
way; 45 had flat bottoms and 68 curved omes; 38 were
wholly or partly choked with sludge, and 75 were reasonably
clean. At about the same time examinations made with pep-
permint, by the City Board of Health, of 351 house-drains in
various scctions of the city, showed that 193 of them, or 53 per
cent., were defective in regard to tightness.



22 MAIN DRAINAGE WORKS,

CHAPTER 1II.
MOVEMENTS FOR REFORM—COMMISSION OF 1875.

For the ten years preceding 1875 the avernge annual denth-
rate of Boston was about 25 in 1,000. On April 14, 1870, the
Consulting Phystcians of the city addressed to the authorities a
remonstrance as to the then existing sanitary condition of the
city, in which they declared the urgent nccessity of a better
system of sewernge, stating that it would be o work of time, of
great cost, and requiring the highest engincering skill.

At ubout the same time, and in each of their annual reports
thereafter, the State Board of Heualth referred to the matter,
saying that the question of drainage for Boston and its im-
mediate surroundings was of an importance which there was no
danger of overstating.

Of such great importance was the matter considered by the
State Legislature that, in the special session of 1872, an act was
passed authorizing the appointment of a commission, to be paid
by the City of Boston, to investigate and report upon a compre-
hensive plan for a thorough system of drainage for the metro-
politan district.  This was not accepted by Boston, on the
ground that the expense should be shared by the neighboring
cities and towns, and no commission wus appointed.

In a communication to the City Council (Dcc. 28, 1874),
upon the nccessity of improved scwerage, the City Board of
Health pointed out clearly the evils of the cxisting system, and
strongly urged that a radieal change should be made. Match
1,1875, an order passed the City Council authorizing the Mayor
to appoint 1 commission, “consisting of two civil engineers of
experience and one competent person skilled in the subject of
sunitary scienee, to report upon the present sewerage of the
city . . . . and to present a plan for outlets and main
lines of sewers, for the future wants of the city.” The Mayor
thereupon appointed as members of the commission Messes. E.
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S. Chesbrough, C.E., Moses Lane, C.E., and Charles F. Fol-
som, M.D., and in December of the same year their report was
submitted.

As was to be expected from the professional attaihments and
reputation of these gentlemen, the report contained a compre-
hensive and exhaustive statement of the defects in the existing
system of sewerage, and of the causes which bad produced such
a condition of affairs, and finally recommended for adoption a
well-considered plan for remedying present detects and for pro-
viding for future needs.

The commission stated, as essentinl conditions of efficient
sewerage : first, that the sewage should start from the houses,
and flow in a continuous current until it reached its destination,
either in deep water or upon the land; and, second, that the
sewers shounld be ventilated so that the atmosphere in them
should attain the highest possible degree of purity. To quote
from the report : —

The point which must be attended to, if we would get increased com-
forts and huxuries in our honses, without doing so at cost of health and life,
is to get our refuse out of the way, far beyond any possibility of harm
before it becomes dangerous from putrefaction. In the heat of summer
this time should not exceed twelve hours. We fail to do this now in three
ways: —

First. We cannot get onr refuse always from our house-drains to our
sewers, because the latter may not only be full therselves at high tide, but
they may even force the sewage up our drains into our houses.

Second. We do not empty our sewers promptly, beeause the tide or tide-
gates prevent it. In such ease the sewage being staguant, a previpitate
falls to the bottom, which the slow and gradual emptying of the sewers, us
the tide falls, does not produce scour enough to remove. This deposit're-
mains with little change in some places for many months.!

Third. With our refuse, which is of an especially foul character, once
at the outlets of the sewers, it is again 'delayed, there to decompose and
contaminate the air.

As a result of this failure to carry out the cardinal rule of sewerage,
we ate obliged to neglect the secoud rule, which iz nearly as important,
namely, vemilation of the sewers; for the gases are often so foul that we
cumot allow them to escape without causing a nuisance ; and we compro-
mise the matter by closing all the vents that we can, with the certainty of
poisoning the air of our houses.

1The eatch-basing, too, in the course of the sewers, serve only to aggravate this evil,
and should be filled as carly as is practicable.
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In the opinion of the commission there are only two ways open to us,
The first, raising more than onc-half of the superficial area of the ity
proper (exvludmrr suburbs), is entirely out of the question, from the enor-
mous outlay of money which would be required, — more than four times as
much as would be needed for the me which we propose, and which con-
sists in intercepling sewers and pumping.

There are in use now in varicus parts of the world three methodq of
disposing of the sewage of large cities, where the water-carriage systom
is in nse: —

First. DPrecipitation of the solid parts, with a view to utilizing them as
manure, and to purifying the streams.

Second. TIrrigation,

Neither of these processes has proved remunerative, and the former only
clarifics the sewage without purifying it; but if the time comes, when, by
the advance in owr knowledge of agrienltural chemistry, sewage can be
profitably used as a fertilizer, or it it should now be deemed hest to util-
ize it, in spite of a peeuniavy loss, it is thought that the point to which we
propose carvying it will be as suitable as any which can be found near
encugh to the city, and at the same time far enough away from it.

The third way is that adopted the world over by large cities near deep
water, and consists in carrying the sewage out so far that its point of
discharge will he remote from dwellings, and beyond ‘the possibility of
doing harm. It is the plan which your commission recommend for
Boston.

On Plate ITL is reproduced a portion of the plan accompany-
ing the report of the commission. The plan shows the routes
of the main, intercepting, and outfall sewers recommended, and
the proposed locations of the pumping-stations, reservoirs, and
outlets. It will be seen that two main drainage systems were
proposed, one for cach side of the Charles River; that on the
south side having its outlet at Moon Island, and that on the
north side dmclmmmfr at Shirley Gut.

The former sy stem Was designed to collect and carry off the
sewage from all of Boston south of Charles River and from
Brookline ; the latter - was to drain the Charlestown and East
Boston districts, and also the ncighboring cities of Cambridge,
Somerville, and Chelsen.  The two systems were identical in
their general features. These were: intercepting sewers along
the margins of the c¢ity to reccive the flow from the already
existing sewers; main sewers into which the former were to
empty and by which 1he sewage was to be conducted to pump-
ing-stations ; pumping machinery to raise the sewage about 35
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feet ; outfall sewers leading from the pumping-stations to reser-
voirs near the points of discharge at the sea-const, from which
reservoirs the sewage, aceumulated during the latter part of
e¢hb and the whole of flood tide, was to be let oug into the
harbor during the first two hours of ehb-tide.

The cost of the proposed main drainage works, as estimated
by the commission in its report, was: —

For the territory south of Charles River. . . $3,746,500
b north e L. 2,804,564

Total . . . . . . . . . L . . . 86,551,064

The commissioners’ recommendation met with very general
acceptunce.  Buat, as was to be expeeted, a certain amount of
opposition to it was encountered. '

One remonstrance against the adoption of the proposed plan,
which was presented to the City Council by a number of esti-
nmuble citizens, may be of sufficient interest to cite, because it is
i type of the kind of objections which are often urged against
plans for municipal improvement, however earefully considered
by the most competent experts ; —

The undersigned respeetfully remonstrate against the adoption of the
system of sewerage proposed in Report No.u 3 of this year. We believe if
carried into execution it will prove not only ineffectual, but destructive to
the health and prosperity of the city, . . . . . Of late years the cost
of many, it not most, of the public works has greatly exceeded the esti-
mates; in some instances, it is said, two or three hundred pur eent.

Should this new systen exceed the estimates to @ like exient, the nmount
would be augmented to between fifteen and twenty millions of dollars.

But we do not believe it (Hlushing) will, or even can, be made to per-
form that end in an effective or satisfactory manner; because we under-
stand, by the report, that the inclinations of the sewers will aftovd n flow ab
a minimuam rate of only two miles an hour, so that it will be almost impos-
sible to prevent the glitinous slime und putrefictions from constantly gath-
ering and adhering more or less to the sides and bottoms of the sewers
and draing, and us constantly exhaling the deadly gases on every side.

Tt will likewise be borne in mind that the thick mass of liquid
corriiption within the sewers and drains must e drawn along to their up-
hill or final ascent of thirty feet and over, and kept in motion and delivered
at the distant onttets on the bay, by means of enormous pumps and ma-
chinery worked by steam-engines, . . . . fora stoppage in the oper-
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ations of such an extensive system for only a day or two, along the low
lands and other parts of the eity, wonld almost inevitably result in serious
maladies and other evil consequences. . o . . Will not the exhalation
and odor (from the storage reservoirs) blown by every changing wind here
and there along the wharves, upen the shipping and back upon the land,
create nnuisance so offensive and unhealthful as to become intolerable? No
provision scems to be devised to prevent such emanations or their baleful
consequences.  In these noisome reservoirs the contents must ever be ex-
posed to the sun, the storms, and the inelemency of the weather.

In the severity of winter they must become as frozen as the water in
the bay or along the shores; and as often as they are converted into ice
there must be an entire stoppage of the works. . . . Such reservoirs
and outlets might be reduced to ruins in any future day of hostilities —
either foreign or demnestic — should such hostilities ever oceur, the effect of
which ruins would be the fatalitivs of the plague,

There is new but a single system before the ulll.ll()lltlLS, .llthoutrh there
are not less than five (hl!uent systems in Europe alone. . . . It is
hereby requested that the same be postponed, and that o reward he offered
for the best plan for sewerage velief . . . . and that such plans be re-
ferred to aconmission of citizens . . . . with powerto give the rew:d
for the best plan.

N

Other remonstrants thought that eity sewage had a great
manurial vaiue, and should he so utilized as to be a source of
revenue ; still others considered the proposed scheme extrava-
gant, and advised temporary palliative measures.

What prevented these remonstrances from having much
weight was that, while criticising the proposed scheme, they
either suggested no alternative plan, or else failed to show thas
the method which they themselves recommended would remedy
the existing evils,

As a compromise the City Council inclined to adopt the
recommendations of the commission in so fur as they referred
to the territory south of Charles River, which included those
portions of the city which suffered most from ineflective sewer-
age.  Application was made to the Legislature fur authority to
construet works in gencral necordance with the recommendationd
of the commissioners, and an act, approved April 11, 1870,
entitled “ An Act to empower the City of Boston to lay and
maintain a main sewer discharging at Moon Island in Boston
Harbor, and for other purposes,” was passed.

‘I'he subject had been referred by the City Council to a Joint
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Special Committee on Improved Sewerage, and in June, 1876,
this committee reported, recommending the adoption of the
system devised by the commission, and that surveys and esti-
mates be made for the work, and also that the feastbility of an
outlet at Cuastle Island be considered.

By an order approved July 17, 1876, the sun of $40,000 was
appropriated for the purpose of making surveys and of procur-
ing estimates for an improved system of sewerage for the City
of Boston, on a line from Tremont Street to Moon Island, and
also on a line from said strect to deep water cast of Casile
Island.

A few days later the City Engincer, Mr. Joseph T. Davis,
appointed the writer principal assistant, in immediate charge
of the survey and investigations, which were at once begun.
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CHAPTER IV.
PRELIMINARY INVESTIGATIONS,

By a liberal interpretation of the order in compliance with
which the survey was cawrried on, it was assumed that any
information was desired which might be of use in designing
main drainage works, in general accordance w1th the plan
1ecommendt'd by the commission.

As the location of the outlet wounld aflect materially the
whole scheme its consideration received the envliest attention,
Tt wus necessary that the discharge should be into favorable
currents, and also near a practicable site for a reservoir which
could be reached by the outfall sewer from the city. A party
for hydrographic work was organized, consisting of one assist-
ant engineer, one additional observer, fwo sailing-masters,
and two boutmen. Their outfit included a small yacht and two
.tenders.

A projection of the harbor was first made, and the trisngu-
lation points given by U.S. Coast Survey were plotted upon it,
together with others obtained by ourselves from thesc, by
nteans of the plane table; the shore line being taken from a
chart belonging to the Harbor Commissioners. A suflicient num-
her of prominent points having been determined in this way, it
wils easy ab any time to locate the position of a float by the sex-
tant. At night, when other objects could not be scen, the har-
bor lights furnished points for observation.

Some difficulty wus experienced in deciding upon the hest
form of flont. That first adopted consisted of four radiating
arms. with canvas wings projecting downward from them (Plate
IV., Fig. 4). Upon calm days this form indicated very fairly
the surface velocity 5 but was too easily influenced by winds
and waves to be used in windy weather, as it then invariably
grounded on a lee shore.

A “surface and sub-surface ” can-float (Plate IV, Fig. 5) was



PLATE 1V,

FIG. 1.

TR T T @ ﬁ:fw" T TP F AT T T T T g TR7 1Y il

Eeliotype Printing Co. Bostoh.




PRELIMINARY INVESTIGATIONS. 29

used somewhat, and gave better results ; but an ordinary pole-
float (Plate IV., Fig, 6), about 14 fect long and 4 inches in
diameter, was finally found to be the most satisfactory, indicat-
ing the mean enrvent, which often differed both in direction and
velocity from the surface current.  This float supported a flag,
or lantern, and, when there was danger of its grounding, a
shorter one was substituted for it. ]

In all, about 50 * free-flout” experiments were made upon
the currents in the vicinity of Moon, Castle, Thompson’s, and
Speetacle Islands.  The trips vavied in duration from ¢ hours,
or one ebh-tide, to 52 hours. Angles to determine the posi-
tion of the float were taken each halfthour, and were recorded
together with the ditection and force of the wind and other
data. During observations o mun was stationed at a tide-gauge,
and all velocities wore reduced to a mean rvise and fall of ten
feet.  The results obtained from the float experiments, stated
briefly, weve as follows : — ’

Fuvorable ebb currents were found to pass both Moon and
Castle Islands.  That pussing Spectacle Island was sufficient in
strength, but ansuitable, owing to its direction and some other
characteristics ; while that skirting Thompson’s Island was alto-
gether unfavorable.  Floats leaving the vicinity of Mooun Island
with the early e¢bh would travel seawards with an averange
velocity of .74 miles an hour, passing between Rainsford and
Long Islands, through Black Rock Channel, and st the turn of
tide would reach a position between the Brewsters and George’s
Istand about four mites from the peint of starting. This course
is, for its whole extent, outside of the inner harbor. Floats from
Castle Island followed Main Ship Channel and Broad Sound,
and truvelled about as far as those from Moon Island,  Return-
ing with the flood-tide the floats would travel about two miles
towards the city, and with the suceeeding ebb would once inore
move seaward, not again to enter the harbor.

Sewuge, being fresh water, vetuains tor @ while at least upon
the top of the denser sen-water, and is more affected by surface
currents than by deeper ones.  An attempt, more interesting
than practically instructive, was miade to ascertain fo what ex-
tent sewuge put into Boston Harbor would be diffused within
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a few days. Fifty bottles were put into the water at Moon
Island, cach containing a postal eard, which the finder was re-
guested to mail, stating when and where it was found. Ten of
these bottles were picked up within the next three weeks. One
of them was found at Marshficld, about 25 miles south of its
starting-point; another at Salem, about the same. distance
north ; a third, 30 miles south-east of Cape Ann, and the re-
maining seven outside of Cape Cod, near PProvincetown, Well-
fleet, und Chatham, from 50 to 80 miles distant.

Custle Island would have been much more easily accessible
trom the city than Moon Island, but its selection involved scv-
eral serious disadvantages: It belongs to the United States,
and is the site of Fort Iudependence.  Although this old fort
is of little practical value, there were no reasonable grounds
for hope that the government would permit a storage reservoir
to be located on the island. It would have becn necessary to
place that structure on the main land in South Boston. The
area available for the purpose would have been restricted on
account of its great cost. Iiven if the works could have been
so constructed as to be wholly inoffensive, the natural prejudice
in the community against the proximity of sewage would have
caused great opposition to the building of a rescrvoir so near
to o densely populated district.  Moon Islund, on the contrary,
afforded an excellent site for a reservoir. The neighboring
country is sparsely scttled, and there is no dwelling within a
mile of the works. The outlet, thercfore, was finally located at
this point.

The next problems considered were the sclection of a route
for the outfall sewer between the city and Moon Island and the
location of thie pumping-station. As any route would neces-
gurily crogs a portion of the harbor nesr the mouth of Neponset
River, it was thought best to explore the nature of the ground
‘underlying the harbor in that vicinity. To this end a number
of artesian horings were made from a scow fitted for the pur-
pose. Five-inch or smaller gas-pipe wus driven to the required
depth, varying from 20 to 100 feet, and the earth excavated
from within them. In all, 139 such borings were made.
Those on the line sclected by the commissioners, between Fox
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Point and Squantam Beach, showed deep beds of mud under-
laid by sand and gravel ; so that any method of crossing at that
point would have been diflicult and expensive.  Morcover, Fox
Point was thought to be too near to the valuable residence
property of Savin Hill to make it a suitable place for a pump-
ing-station. Borings at the mouth of the river opposite Com-
mercial Point also found deep beds of mud, but, the crossing
heing much shorter, it would have been comparatively easy to
have constructed a stable siphon on that line. Commercial
Point itself was o fairly good site for a pumping-station, but
would have heen somewhat difficult of access frow the city.
Ground suitable for tunnelling was discovered between Old
Hurbor Point and Squantum Neck. This was the most divect
line from tho city to Moon Island, and comparative estimates
showed it to be also the cheapest line,  Its chief merit, however,
which caused it to be selected, was that it permitted the use of
Old Harbor Point as a site for the pumping-station.  This
point comprises over 100 acres of marsh land, valued by
the city assessors at ouly $200 an acre. It is itsclf destitute
of habitations, and sufliciently remote from any to afford assur-
ance that operations carried on there will not be u souree of
offence.

Before adopting the tunnel line a plan was considered by
which the sewage, instead of being raised at Old Harbor Point,
was to flow thence by gravitation to a pumping-stution at Moon
Island, on a nearly direct line between the two points. The
sewer was to be built above ground and sunk into » trench dug
to un even grade in the bottom of the harbor. To determine
the feasibility of this plan borings were made to test the
nuture of the ground on the proposed line. The character of
the ground developed by these borings was not considered very
fuvorable, und a decision of the Harbor Commissioners requir-
ing the sewer to be placed lower than was considered practi-
cable caused the proposed plan to be abandoned.

Huving decided to loeate the pumping-station at Old Harbor
Point' the routes of the muin and intercepting sewers were
next selected.  The peculiar geological formation of the region
about Boston, causing frequent elevation of the bed-rock, not
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always shown by surface indications, and the sometimes un-
sugpected presence of deep beds of marsh mud, rendered it
necessary to test carcfully the nature of the ground through
which it was proposed to huild the scewers, since its character
would form such an important element in their cost and sta-
bility. The slowness and expense of artesian methods of
boring precluded theiv use. Light auger-rods were therefore
constructed, and it was found that by them the character of the
ground could be ascertained with approximate aceuracy and
with' little expense or delay.  These tools, and the manner of
using them, are shown on Plate 1V., Figs. 1 to 3. Including
work done before and after the heginning of construction, more
than 30,000 lincal feet of borings were thus made, at an uverage
cost of about 25 cents per foot.

There was no trustworthy information extant concerning the
position and condition of the city sewers which were to be inter-
cepted.  Careful surveys were, therefore, mude of about 50
miles in cxtent, of such sewers as were in the vicinity of the
proposed intercepting sewers. Pluns and profiles of these
weare made, with cross-seetions and such details of construction
as could be ascertained.

Nearly all buildings in the Back-Bay and South-End districts
of the city are supported on piles. By city ordinance the tops
of the piles arc not to be higher than Grade 5, or mid-tide
Ievel; in fuct muny of them are a foot or two higher.  Fears
were cxpressed that the ?nterccpling system (by doing away
with the semi-duily damwing up by the tide of the contents
of the sewers) might lower considerahly the soil-water in such
regions, and, hy reducing it helow the tops of the piles, cause
thém to deeay and endanger the stability of the buildings sup-
ported by them.

To see if such danger was to be apprehended, it was deeided
to produce inone of the Back-Bay sewers the precise condition
which would exist if the new system was coustructed, and to
‘notice the effect upon the soil-water. To this end a steam
punp was put into the Berkeley-Street sewer near the outlet,
and by centinual pumping (except at low tide) the sewage
was kept but a few inches deep, as it would be it discharging
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into an intercepting sewer. Previously 20 pipes had been
driven below the surface of soil-water: some within a few feet
of the scwers, others a few hundred feet away, and still others
several blocks distant. The height of the soil-water standing
in each pipe was measured twice each day during the continu-
ance of the pumping.

The method of making these measurcments was ingenious,
and perhaps novel. The elevation of the top of cach pipe was
known, and the distance from the top to the surfice of water
was taken with a steel fape. To the bottom of the tape was
attached a lead weight, with a necdie fixed in its top so adjusted
that the point of the necdle was just opposite to the end of the
tape. A small bit of metallic potassium was put on the point
of the ncedle. The instant this touched the water it ignited
explosively, and the flash and sound could be easily distin-
guished from above. A sketch of the apparatus is shown by
Fig. 7, Plate IV, '

It was found that the surface of the soil-water was nearly
level over the whole Back-Bay district, averaging 7.7 feet
above mean low water, and its height, while slightly aflected
by local contours of the surface, was independent of the sewers
in its vicinity. For instance, the water in the vicinity of the
Dartmouth-Street sewer was at the sume level as that near the
Berkeley-Street sewer, although the latter sewer is two feet
lower than the former. Also it was found that the soil-water
rose and fell, responding quickly to any rain or melting of
snow (the extreme rise due to four inches of surface-water
being one foot), and that-the variation was nearly uniform over
the entire district. A

Finally it appeared that the pumping, which continned 53
duys, affected but slightly, and that only within 100 feet of the
sewer, the soil-water in the vicinity of Berkeley Street. At.
the close of the experiment, the sewer resuming its former
conditions, the soil-water in its Immediate vicinity rose from
an inch to an ineh and one-halt, and thercafter fluctuated in
unison with the water in other localities.

The experiment was thought to show that no dangerous low-
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ering of the ground-water need be apprehended in consequence
of the adoption of an intercepting system.

The following was the general basis of ecaleunlations for
amounts of sewage and sizes of sewers., It was necessary to
assume some Hmit to the territory which should be tributary
to the intercepting system. A natural limit in this case seemed
to be afforded by the Charles and Neponset Rivers, which, with
Mother Brook connecting them, include an area of about 58 square
miles. Of this area about 46 square miles is high land, 40 or
nmore feet above low water, and, as suggested by the com-
missioners, drainage from districts above Grade 40 could, if
nececesary, be intercepted by a “high-level * intercepling sewer
and could flow by gravitation to the reservoir at Moon [sland.
There remain 12 square miles below Grade 40 which must
forever drain into the * low-level ¥ system. As, however, it will
be long before the high-level scwer is built, and in the mean
time sewers from arcas above Grade 40 must connect with the
low-level system, for purposes of caleulation, it was assumed
that 20 square miles would be tributary to the proposed sys-
tem.

The prospective population was estimated at an average of
621 persons to each acre, or 800,000 in all. This estimate of
621 persons to the acre was used in caleulations affecting the
main scwer; but in proportioning branch intercepting sewers
‘greater densities of population were assumed, to provide for
possible movements of population, The amount of sewage per
individual was estimated at 75 gallons, or 10 cuabic feet, in cach
24 hours. The maximum flow of sewage per scecond was csti-
mated at onc and one-half times the average flow due to 10
cubic feet per day.

On this basis the maximum flow of sewage-proper to be

provided for would be g%-})—g ® 1.5 = 138.88 cubic feet
per second.

This amount was nearly doubled by adding to it 100 cubic
feet per second as a provision for rain-water.  This would vep-
resent a little less than one-fourth inch of rainfall in 24 hours,
per acre of tributary area; but it was intended, in practice, to
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admit little, if any, rain from regions where the cellars were
not subject to flooding, and reserve the full capacity of the
sewers and pumps to relieve certain low districts where the
cellars are gencrally much below high tide, and were often
partly filled with water in time of rain.

For purposes of caleulation, therefore, the prospective maxi-
mum flow per second in the main sewer was assumed to be
138.88 4- 100 = 238.88 cubic feet per second. The inclination
of the sewer was 1 in 2,500, and it was designed (as were all
of the sewers) to flow about half fall with its ealculated maxi-
mum amount of sewage. Although this rule required that the
sewers should be larger than they would be if designed to flow
full, it was adopted, beeause it gave about three feetless depth
of excavation for the whole sewer system, saved three feet lift in
pumping, provided storage-room for large additional amounts
of scwage due to intermission of pumping or to rain, and
afforded more head-room to workmen entering the sewers.

In designing the smaller intercepting sewers the method em-
ployed was somewhat as follows: the districts drajned by the
several city sewers were ascertained, and their respective areas
in acres were cnleulated.  The largest population which by any
chance might live on these areas in the future was estimated,
i.e., guessed. The future avernge amount of sewage-proper
due to such population was doubled for safety, and an addi-
tional amount added for rain, usually equalling that from .25-
inch rainfull in 24 hours. If an intercepting sewer large enough
to carry this totul amount when flowing halt full would have
been too small to be entered conveniently, its size, or sometimes
only its height, was increased sufficiently to afford convenient
head-room. _

Velocities of flow were calculated by the formnla V = C J/RI,
with Mr. Kutter’s coeflicients, obtained by using .013 as the
coeflicient for roughness,

During the early stages of the work, the City Engineer, Mr.
Davis, made a trip to Europe te examine the foreign sewerage
works of best repute.  Information was thus gained which was
used in designing the Boston works. :

In July, 1877, the City Engincer reported the results of his
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preliminary survey, and on August 9 of the same year orders
of the City Council were approved, authorizing, and making an
appropriation for, the construction of an improved system of
sewerage, in general accordance with the proposed plan, under
aunthority of the Act of Legislature,

The City Council committed the charge of building the Main
Drainage Works to a Joint Special Committee on Improved
Sewerage, consisting of three Aldermen, and five members of
the Common Council. This commiitee changed its member-
ship every year except when onc or more of its members were
reélected and were again appointed on it. By city ordinance
all engineering works are built by the City Engineer. The Main
Drainnge Works, therefore, were constructed under the direc-
tion of Mr. Joseph P. Davis, C.E., City Engineer, until his
resignation in 1880, and since that dute by his successor in
oftice, Mr. Henry M. Wightman, C.E.}

! Bince the above was written the eity has sustained o great loss in the death of Mr.
Wightman. Mr. Willinm Jackson has been elected City Engineer,



MAIN SEWER. 37

CHAPTER V.
MAIN SEWER.

THE main sewer is about 3% miles long, and extends from the
pumping-station at Old Harbor Peint to the junetion of Hunt-
ington Avenue and Camden Street,  Its inclination throughont
its whole extent is 1 foot vertical in 2,500 horizontal. At
the pumping-station the water-line of the invert, <.e., its bot-
tom, is ahout 14 fect below the elevation of mean low tide. From
this point, in its course towards the city, the sewer passes for
about a mile across the Calf Pasture Marsh, so called, The
surface of this marsh is about six inches above mean high water,
and, the mere rise and full of the tide being ten feet, the aver-
age depth of excavation required for this section of work was 24
feet. Up to the junction of the South Boston intercepting
sewer the main sewer is ten feet six inches in diameter. It was
founded sometimes upon clay, and sometimes upon sand.
Figs. 1 and 2, Plate VL., show the usual methods of construc-
tion. Rubble side walls were built for the greater portion of the
distance. Fig. 3 shows the bond used in the spandrels.

On this section occurred the only case during the construction
of the entire Main Drainage Works in which a sewer was
broken so that a portion of it had to be taken down and rebuilt.
At one point, for a distance of 150 feet, the marsh mud, which
usually was from five to ten feet deep below the surface of the
ground, came down below the spring-line of the sewer. Owing
to carclessness, on the part of the contractor, in hack-filling
around the haunches, or in withdrawing the sheet planks, the
sewer spread six inches, and sank correspondingly at the crown.
Fig. 4 shows the shape assumed at the point of maximum dis-
tortion. Although even this portion was probably stable, it was
not considered wise to‘establish a precedent of accepting any im-
perfect work. Accordingly the trench was reopened, the sewer
uncovered, and its arch broken down with sledge hammers.
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It was found that the 12-inch Akron drain-pipe built under
the sewer, to facilitate drainage of the trench during construc-
tion, was broken at this point, and the water from it, accumu-
Iated from 4,000 fect of trench,-found an outlet, and poured
over the side walls into the invert. This water was controlled
by pumps, but was found to have washed out a quantity of
sand, causing a considerable cavity under the sewer platform.
The limits of the cavity having been determined, five holes,
ten feet apart on centres, were made through the bottom of ihe
sewer, and 3-inch wrought-iron gas-pipes were inscrted into
them. Two of these pipes were about 30 feet long, and three
others, for vents, were five feet long. Constant streams of
grout, made from 47 casks of neat, quick-setting Portland
cement, were forced under a 25-foot head, through the long
pipes into the cavity until it was filled, as proved by the
cement rising in the short pipes. The grout hardened and
furnished a sccure foundation. , Special ribs were cat to fit the
invert, which was again arched over and the trench refitled.

Figs, 5 and 6, Plate VI., show methods of connecting man-
holes with the main sewer. These structures are about 400
feet apart, and are placed alternately on oune side of and over
the centre of the sewer. At man-holes the arch is supported
by cut-granite skewback stones, At the top of the man-holes
are cast-iron frames supporting circular iron covers. The
covers are perforated for purposes of ventilation. The holes
are quite large, so that they are not liable to become stopped
up. They also taper considerably, being larger below than
they are on top.  To prevent road detritus and miscellaneous
rubbish from falling into the sewers, eatch-pails are suspended
below the covers to receive whatever may fall through the
holes.  The pails are of gulvanized iron, well coated with tar.
They can be lifted up, emptied, and replaced, as occasion
demands.  Wrought-iron steps were built into the man-holes
during construction. These details are shown on Plate VI,
Figs. 7 and 8.

Above the point where the South Boston intercepting sewers
Join the main sewer the latter is nine feet in diameter. For
about half a mile the ground is high, but a location through
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it could not be avoided without making a considerable detour.
For 1,900 feet, in Mount Vernon Street, the sewer was built by
tunnelling through conglomerate rock and coarse sand. The
rock, where it surrounded the tunnel, presented no serious ob-
stacle ; but the sand tended to run inte the excavation, and re-
quired close shecting and heavy bracing to-support it.  Fig.
9, Plate VI., shows the sewer in tunnel on this section. For
several hundred fect the sewer grade was near the surface of
the ledge and, the latter being very irregular and covered with
boulders, tunnclling operations were attended with much diffi-
culty, and several caves occurred. TFor a fength of 160 fect
the ground was opened from the top and the sewer was built in
an open trench ahout 45 feet deep,

The sewer in the tunnel was well built, but after completion,
on removing the pumps so that the water table in the vicinity
was permitted to rise above the sewer, the latter was found to
leak o good deal. The leaks, however, could be successfully
calked. The proecess consisted in raking out a joint, where :
leak oceurred, to the full depth of the brick and driving in
sheet lead for half the depth, the remainder being filled with
cement.,

Excepting o seetion in Euast Chester Park, from Clapp Strect
to Magazine Street, the muin sewer was built by contract.  The
laying out as a street of Kast Chester Park, cast of Albany
Street, had been contemplated by the authorities for some time,
and action to that end was taken in time to permit the scwer
being located there. The borings on this line showed that there
were beds of marsh mud between Clapp and Magazine Streets
which were from 20 to 86 feet deep below the marsh surface.
As it would have heen difficult to build a stable sewer in such
ground, and impossible to prevent one, if built, being destroyed
when the street should be filled over and around it, it was
decided to fill the street to full lines and grades before attempt-
ing to build the sewer.

A contract was accordingly concluded by which the street
" was filled with gravel brought by the N.Y. and N.E. Railroad.
So great was the settlement of this filling into the mud that
over 106,000 cubic yvards of gravel were required.  The marsh

-



40 MAIN DRAINAGE WORKS.

level for 100, or wore, feet on cither side of the filled
street was pushed up hy the filling from 8 to 14 feet high. A
surcharge, 20 feet wide on top and 8 feet higl, was put upon
the street west of the N.Y. & N.E. Railroad, where the mud
wis dce'pest, to insurc prompt scttlement. )

Building « stable sewer in a strect so recently filled being a
diflicult operation, requiring methods of treatment which can-
not be determined upon beforehand, it was thought best to
build this section by day’s labor,

As a masonry structure would have been broken when the
trench was refilled, o wooden sewer was adopted (Iig. 10,
Plate VL), "I'his consisted of an external wooden shell, formed
of 4.inch spruce plank, ten inches wide, every fourth plank
being wedge-shaped ; the whole securely spiked and treenailed
together and finally lined with four inches of brick or concrete
NIEONTY.

The depth of excavation for this sewer was from 32 to 36
feet, and the pressures were so great ag to require very heavy
bracing.  As many as 60 braces of 8 inch X 8 inch, or heavier
timber, were sometimes used for u length of 18 lineal feet of
trench ; and these, when taken ont, were all found to be cither
broken or zo erippled ns to be unfit to use agnin.  Frequenily
the earth on one side of the trench was found to be different
from that on the other, which eaused very unequal pressures, so
that internal Dracing was necessary to maintain the sewer in its
proper shape until the trench had been back-filled. It wus
fouud necessary to baild the shell with a vertieal diswmeter
four inches greater than was required for the masonry lining,
to allow for settlement, change of shape, and compression of
the timber.  The vertical diameter inside of the lining was also
increased, so that, if in places the sewer should settle as a whole,
the hottom could be brought to the true grade, and still leave
the established sectional area.

The length of this scetion was 1,894 feet. Ground was first
broken in August, 1879, and the work was completed in Octo-
ber, 1880, For excavating and back-filling the trench, machin-
ery designed by the Superintendent, Mr. H. A. Carson, was
used.  The average cost per lineal foot of the completed sewer
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wag 856, Ifor several hundred feet, where the mud had been
deepest, n continual slight shrinkage and scttlement of the
gravel filling under the sewer oceurred for a yeur or more.
The sewer itself, also, settled in a long curve, whose greatest
depth below the original grade line was about 18 inches. A
masonry sewer would have been broken by such movement,
but the wooden one, having considerable flexibility, was appar-
ently uninjured. At present (1885) the street scems to have
assumed a condition of permanent stability.

In East Chester Park, from Magazine Street to Albany
Street, clay was chiefly encountered, and the sewer generally
consisted of a simple ring of brick-work without side walls, and
its construction presented few features of specinl interest.  As
a4 preeaution in passing within 35 feet of a large gas-holder,
tongued and grooved 4-inch sheet planks were driven, and
the treuch was back-filled with concrete to the crown of the
sewer arch (Fig. 11). In passing across the old Roxbury
Canal, which had been rceently filted by the city, an influx of
tide-water along the loose walls of the eanal and through the
filling occasioned some delay and expense. The water was
finally kept out by double rows of tongued and grooved sheet-
piling. A side entrance und boat-chamber (Fig. 12) were built
on this section, at the corner of Swett Street. The latter
structure resembled a very large man-hole, with a rectangular
opening from the street, 11 x 4 feet in dimensions.  This was
built to allow the lowering of bouts into the sewer.

At Albany Street the Eust Side intercepting sewer joins the
main, and above this point the latter is again reduced in size, to
eight feet three inches wide by cight feet five inches high.  The
extra horizontal course was put in at the spring line because it
was supposed to facilitate dropping and moving the centres.
In East Chester Park, and Washington Street from Albany to
Camden Street, the sewer was built chiefly in clay, and con-
sisted of # ring of brick-work, For about 300 feet, however,
near. Albany Street, mud was found, and a foundation, consisting
of a timber platform supported on piles, became necessary
(Fig. 13, Plate VI.). _

In Camden Strect, from Washington Street to Tremont
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Street, a distance of 1,391 fect, the depth of trench required
would have been 26 feet. Camden Street is rather narrow, and
contains sewer, gas, and water pipes.  As good clay was found
at a depth five or more fect above the top of the sewer, it was
thought that it would be as cheap to the city, and decidedly
less annoying to residents on the street, to build the sewer by
tunnelling Leneath the surface (Fig. 14).  Working shafts were
sunk about 250 feet apart, and headings in each direction driven
from them. At one or two points the miners permitted the
root of the tuuncl to settle slightly, by which the common
sewer nbove was cracked, and some trouble caused by the
sewage leaking into the tunnel. The main sewer was back-
filled abave the arch with clay, packed in under the lagging as
firmly as possible. On the whole the method of construction
was successful, and a well-built sewer was obtained. Its cost
was $22.52 per lincal foot.

At Tremont Street, the Stony-Brook intercepting sewer is
taken in, At this point, as at ull other places where intercept-
ing sewers join the main sewer, the grade of the Iatter rises
abruptly somewhat less than a foot, or enough to maintain the
established inclination on the surfuce of the sewage at the time
of maximum flow. From Tremont Street to the present end of
the main sewer, at Huntington Avenue, the sewer was built in
open cut (Fig. 15), and for a large part of the distance needed
side walls and piling for its support.  Just west of the B. & P.
R.R. another boat-chamber and side entrance (Fig. 16) were
built, and a third side entrance, recached by a stone stairway
leading from the sidewalk, was comstructed at Fluntington
Avenue.

The total cost of the 3.2 miles of main scwer was $606,031,
being an average of $36.09 por lineal foot.
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CHAPTER VI.
INTERCEPTING SEWERS.

As before stated, and as shown by the plan (Plate V.), the
South Boston intercepting sewer is the first to join the main
sewer in the latter’s course from the pumping-station towards
the city proper. This intercepting sewer, by its two branches,
is intended finally to encircle the peninsula on which South
Boston is situated, and intercept the sewage flowing in the com-
mon sewers, which have hieretofore discharged their contents at
nineteen outlets, in the immediate vicinity of a dense popula-
tion. ‘

At the point of junction the grade of the intercepting scwer
is 1.5 feet higher than that of the main sewer, so that the sew-
age in the former shall not be dammed hack, and the established
rate of inclination shall be maintained on the surface of the sew-
age in both sewers at the time of maximum discharge. In all
cases where a main drainage sewer joins another the junction
is made at a “bell-mouth” conncction chamber, in which the
axes of the sewers meet by lines or curves tangent to each other,
so that the two currents mnay unite with the least disturbanee to
either. Sections of the *bell-mouth” junction of the two
branches of the South Boston sewer, at Hyde Street, are shown
by Fig. 14, Plate VII. Onecach intercepting sewer, just before
it reaches the main sewcr, is built a penstock chaumber, con-
taining a cast-ivon penstock gate, by which the flow can be cut
off, so that the main sewer can be entirely emptied, should it
ever be desirable to do so. At such times the city sewage
would be discharged at the old outlets, which are all retained
and protected by tide-gates. A sketch of the penstock on the
South Boston sewer is given by Fig. 6.

Up to where it divides this sewer is circular, six feet in
dinmeter. The average depth of excuvation was 20 feet. Clay
or sand was, usually tound, and thé sewer consists of a simple
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ring of brick-work, 12 inches thick, thougl for about 350 feet,
where the sand was wet and inelined to run, abutment wulls
of rubble masonry were used. Figs. 12 and 13 show cross-
sections of this sewer. The brick invert was laid with Port-
land cement mortar, one part cement to two parts sand, and the
arch was laid with American (]{osendlﬂ(,) cement mortar, one

v O A ’l‘l -

l)i‘uu cement to 1.5 1 i
in building the main drainage sewers, Portland cement being
used in the in\'erts, on nceount of its greater resistance to abra-
sion.  When Rosendale cement was used for building inverts,

the proportion required was cqual parts of cement and sand.
The inclination of this sewer throughout the greater portion
of its extent is 1 in 2,000, which affords a velocity of flow
suflicient to prevent deposit of sludge, but not sufficient fo
keep in suspension sand and road detritus. A sharper inclina-
tion would have been desirable had it heen practicable to ob-
tain one. Few of the main drainage sewers have a greater
inclination than 1 in 2,000, and it was expected from the first
that flushing would oceasionally be requived to prevent the
accumulation of deposits.  To provide for this, iron flushing-
gates are built into the sewers at intervals of about half a mile.
The fivst flushing-eate on the South Boston sewer is just below
the fork, at Hyde Strect. A sketch of this gate is given by
Fig. 15. Usually the gate stands above the sewer, in the
man-hole. It is kept vertical by two small stop-bolts at its top.
To flush the sewer the gate is lowered against its scat, built
into the bottom of the sewer, and the scwage aceumulates be-
hind it as decp as the gate is high. The stops are then with-
drawn and the gate rdlsed antil it clears its lower seat, when it
tilts over into na horizontal position and opens a free passage
for the dwmmed-up sewage,

The greater part of South Boston is high land, and there are
- but few low cellars there which are subject during vrain-storms
to flooding at high tide. In order that the full capacity of the
sewers and pumps might be available to relieve other parts of
the city, less fuvored in this respect, it was necessary to ar-
ange that no more than a fixed quantity of sewage should
ever be received by the min sewer from the South Boston
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intercepting sewer. To accomplish this a “regulator” wag
built into the intercepting sewer just below its last connection
with 2 common sewer, at Kemp Street.

A sectional plan and clevation of this muchine, and of the
chamber containing it, is given by Fig. 9, Plate VII. Aswill
be seen, the appuaratus is very simple, and consists of stop-
planks, closing the sewer from its top down to about the
ordinary dry-weather flow line, the sewer below the planks
being lined with o cast-iron gate frame, or seat, carved to fit
the invert, and also vertically to correspond with the curve of
motion of a cast-iron valve, which plays up and down in front
of it. The valve is held by two cust-iron levers, pivoted by a
3-inch wrought-iron shaft in two bearings, the other ends of the
fever being connected by vertical arms to a 3-inch squarve bar,
To the ends of this bar are fastened two hoiler-plate floats,
placed in wells on either side of the sewer. To avoid dis-
turbance to the motion of the floats, by waves caused by the
rush of sewnge under the valve, water is brought to the wells
through a 3-inch pipe, as shown, from a point 50 feet below
the regulator. . ‘

The connection between the valves and the floals can be so
adjusted that the former will begin to close when the surface of
sewage in the sewer has reached any desired height.  As the
floats rise the valve descends until the opening below it is just
sufficient fo let enough sewage pass to maintain the allowed
depth of flow in the sewer. Should the amount of rain-water
from low districts, reaching the main sewer through other
intereepting sewers, exceed the capacity of the pumps to con-
trol it, the main sewer fills, and its sewage backs up into the
South Boston sewer, and still further raises the floats. The
opening under the stop-planks is thus entirely closed, and ail
of the common sewers above discharge at their old outlets, and
continue to do so until the amount of water reaching the pumps
can be controlled by them.

Above where this sewer divides, at Hyde Strect, the hranch
which turns to the right, and skirts the southerly margin of
-South Boston, is ceo-shaped, four feet six inches high by three

oo

fect wide (Fig. 11, Plate VIL). After passing under the
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Old Colony Railroad the shape is changed somewhat (Fig. 3),
At Vinton, Vale, and other strects common sewers are inter-
cepted. Fig. 7, Plate VII., shows the connection with the
Vale-Street sewer, and may stand as a type of such connections
between common and intercepting sewers, whenever no regula-
tion of the amount to be received from the former is required.
Nearly every individual case presented special conditions, which
necessitated some modification of the method of construction;
but the general plan was the same in most cases, and its features
are shown in this cuse.

A sump hole, two feet deep, into which the sewage falls, is
firgt built in the common sewer. Into the bottom of this sump
is built a short section of iren pipe (Fig. §), from 12 to 24
inches in diameter, protected by a east-iron flap-valve. Ordi-
narily this valve stands open, but can he closed if it is desired
to break the connection between the fwo sewers.  The bottom
of the sump, around the pipe, is rounded off with strong Port-
land cement concrcete, so that there shall be no corners in which
deposits can lodge. The sewage passes to the intercepting
sewer through a short branch connecting with the lower end of
the iron pipe.

Beyond the sump the common sewer is provided with a
chamber containing a double set of tide-gates.  These gates
give a clear opening of from two to four feet diameter. Each
set of gates is hinged to a cust-ivon ring, or gate seat (Fig. 8),
which is built into the brick-work. The two wooden gates close
against cach other.  To make tight joints the bearing surfaces
of the gates are covered with strips of rubber about three-
eighths of an inch thick. The gates arve inclined somewhat, so
that they are self-closing.

From the main sewer to the Old Colony Railroad this inter-
cepting sewer was built by contract, af au average cost of $12.68
per lineal foot.  From the railroad to H Strect it was built by
day’s labor, and cost $13.25 per lineal foot. On Ninth Street,
between Old Harbor Street and G Street, for a distance of
about 800 feck, the sewer location crossed. a beach which was
several feet below high-tide level. No coffer dam or other
protection was used in this place, but construction was earried
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on only when the tide was-down. When the sea rose it over-
flowed and filled the trench. When it again fell the water in
the trench was lot off, through the sewer already built, to pumps
at the pumping-station, and work was resumed. From H
Street to N Strect, on Ninth Streef, the sewer was built by
contract. TFor about 1,000 fect, ncar K and L Streets, the
average depth of the trench was about 27 feet.  The sewer was
nearly circular, three feet wide and three feet two inches high
(Fig. 1, Plate VIL.). This section was among the earliest huilt,
and its design is not in accord with later practice. It mighthave
been made much more convenient for workmen to enter, at slight
additional expense, by giving it a greater vertical diameter. Its
fall is 1 in 1,666%.

From the point of division on Iyde Street the sewer which
tarns to the left, and follows the westerly shore of South Boston,
is egg-shaped, five feet six inches by four feet nine inches, up to
the Old Colony Railroad crossing, on Dorchester Avenne. A
timher platform and rubble masonry side walls were required for
the entire distance, and the usual cross-scetion of this sewer is
shown by Fig. 10, Plate VIL. This scction was bailt by con-
tract. Its length is 3,350 feet ; the average depth of excavation
was about 24 feet, and the average cost per lineal foot was .
$1G.85.

After taking in the B-Street sewer the intercepting sewer
changes its shape (Fig. 3), and continues in Dorchester
Avenue, passing under the N.Y. & N.J2. Railroad, and turns
into Foundry Street, which it follows to its end, at the corner
of Dorchester Avenue and Fivst Street. Considerable difficalty
was encountered in passing under the abutments of the bridge
on Dorchester Avenue, over the N.Y. and N.E. Ratiroad.
These were underlaid by running sand, and the northerly abut-
ment over the sewer, which had been huilt without mortar, had
to he taken down. Under the tracks of the same railroad,
head-room being limited, the shape of the sewer was alteved
(Fig. 2), so that there should be no danger of its interfering
with, or heing injured by, repairs to the road-bed. This section
of sewer is 2,820 feet long, and its avernge cost per foot was
$19.25.
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The second large intercepting sewer which enters the main
sewer had its point of connection at the intersection of Ioast
Chester Park and Albany Street. It is called the East Side
intercepting sewer, and is located in streets following the cast-
erly margin of the city proper for a distance of about 2} miles.
In Albany Strect, from East Chester Park to Dover Street, a
distance of 4,524 fect, the scwer is nearly circular, with a
vertical diameter of five fect cight inches, and a horizontal one
of five feet six inches. The inclination is 1 in 2,000. The
avernge depth of excavation for this section of work was 24
feet, and, as marsh mud and peat extended from near the sur-
face of the ground to a depth always considerably below the
hottom of the sewer, piles were required to furnish a sccure
foundation. A timber platform was fastened to the tops of the
piles, and on the platform the sewer, with its rubble masonry
abutment walls, was built.  The bottom of the excavation was
about 6.5 fect below the clevation of low tide, and considerable
trouble was experienced from sca-water making its way into
the trench, espeeially in places where old sea-walls and other
such obstructions were encountered. The mud on the sides of
the trench exerted much lateral pressure, and.close sheet-piling
and heavy bracing were necessary.  Opening so deep a trench
in such material drained the water out of the adjucent soil, ren-
“dering it spongy and somewhat compressible, so that the whole
sireet settled und had to be resurfuced and repaved.  This sec-
tion was built by contract.  One firm of contractors gave up the
Jjob, and the work was re-let under provisions of the contract. The
average cost per lineal foot of the completed sewer was $26.16.

The first common sewer taken in by the intercepter is that
on Concord Street. This scwer druins a district in which the
cellars are not subject to flooding from rain-water during high
tides. It was not necessary, therefore, to let this sewer dis-
charge into the intercepter an amount of -sewage in excess of
its ordinary maximum dry-weather flow, and temporarily, during
rain-storms, the whole dilute contents of the sewer could, with-
out injury, be permitted to discharge into the buy at the old
outlet,  An arrangement to effect this was desivable, because,
during very heavy ruin-storms, the whole capucity of the inter-
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cepting sewer might be needed to afford relief to sewers drain-
ing low districts beyond Concord Street. ’

Accordingly the connection Dbetween this sewer and the
intercepting sewer was made through a chamber containing a
small regulating apparatus, designed to control or cut off the
flow automaticully. Figs. 1 and 2, Plate VIIL., show sec-
tions of this apparatus and its arrangement.  Iight similar
appliances, with slight modifications in the methods of arrange-
ment, were used in connection with the same number of common
sewers.

The operation of the apparatus will be understood from an
exmnination of the figures. Under ordinary circumstances the
sewerage fulls into a sump, and thence passes to the regulating
chamber, which it enters through a cast-ivon nozzle,  This nozzle
is circular, 12 inches in diameter at its upper end, and rec-
tangular 20 X 6 inches at its orifice. In front of the orifice
plays a cast-ivon valve, moved by a floatin a tank setin the floor
of the chamber.  The water in the tank stands at the same
clevation as that in fhe intercepting sower, 2 4-inch iron pipe
connecting one with the other.  The apparatus can be adjusted
so that the valve will begin to close and cut oft the flow of
sewage when the water in the iutercepting sewer reaches any
desived depth.  When not cat off, the sewage flows around the
tank aud passes on through an opening at its further end.

The second common sewer takeninis that in Dedham Street.
This sewer drains a district which used to suifer greatly from
flooding during rain-storms. Inorder to afford relief this sewer
was connected directly with the intercepter by a hranch two feet
in dtameter, the inlet to which is never closed. '

The third gewer tiken in s that in Union Park Street. The
district drained by it has suffered but slightly from wet cellars,
and that only during scvere storms and very high tides. The
flow from this sewer wag reguluted in the same manner us that
from the Concord-Street sewer, but the apparatus was so
adjusted that it cuts oft' the flow later than in the case of most
other sowers, and only when the intercepting sewer is nearly
full.

The fourth common sewer met with is that in Dover Street.
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This drains a low district, and a free connection, two feet in
diameter, was made with it.  According to the usual practice
in such cases this sewer would have been connected with the
intercepter at or near the point in Albany Strect where their
two locations intersect.  But it was found in examining the
city sewers, with reference to connections with them, that the
Dover-Street sewer was not in condition to be intercepted at
any point east of Harvison Avenue.  Between that street and
its outlet it is a rectungular wooden structure, 5 X 6 feet in
dimensions, placed close to an old stone retaining-wall and
surrounded by loose stone ballast. Tt is considerably broken,
g0 that the tide-water from the bay which ebbs and flows about
the wall and in the ballast has free access to the sewer, and
would have flowed into the intercepting sewer, and so
reached the pumps. Trom Harrison Avenue westerly, the
Dover-Street sewer was built of hrick, and was tight so that sea-
water could be excluded from it hy tide-gates.  Accordingly
the ¢onnection was made west of Flarrison Avenue, and 'z 2 X 3
feet oval branch sewer (Fig. 3), 588 feet long, was huilt from
that point to convey the sewage to the intercepting scwer at
Albany Strect.

Above Dover Street are few districts which sufler from flood-
ing.  Accordingly a large regulating apparatus, to control the
flow from above, was built into the intercepting sewer at this
point. It rvescmbled that on the South Boston sewer, hefore
described, and shown on Plate VII. by Fig. 9. .

IFFrom Dover Street to its upper end on Atlantic Avenuc the
East Side sewer was huilt by day’s lahor, under a superintend-
ent appointed by the city. This was done because above
Dover Street the sewer location was confined to crowded
thoroughfares, in which peculinr: management was required to
prevent serious obstruction to travel and to the business of
abutters; and ulso because, operations being prineipally car-
ried on in filled land, beds of dock mud, old walls, wharves,
and other obstructions were continually encountered, requiring
frequent changes in methods of construction which could not be
foresceen and provided for in the specifications of a contract.
" From Dover Street the sewer location extends in Albany
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Street to Lehigh Street, at which point it enters private land, and
crosses the freight and switch yards of the Boston and Albany,
and Old Colony Railroads, to Federal Street, near the bridge,
a total distance of 2,331.5 fect. In Albany and Lehigh Streets
are the tracks of u Freight Railway Company, and in the rail-
roud yards are about 40 lines of rails in constunt use, which
it was very important should not be disturbed. The whole
scction of work is in filled land, underlaid by beds of mud, from

5 to 20 feet deep, below the bottom of the sewer, which is
itself several fect below the level of low tide. At different
points obstruection in the shape of old walls and wharves were
encountered, which admitted sea-water freely to the trench, so
that, as a rule, work could only progress during low stages of
the tide.

The sewer is oval, five feet high (Fig. 4), and generally
required piling forits support. It is builc partly of wood, lined
with two inches of concrete, and partly of brick-work resting on
a solid eradle of wood, six inches thick. Travel upon the strects
was not interrupted, and with considerable difficulty the freight-
railway tracks were supported and muaintained. As it would
have been impossible to have had an open trench through the
Albany and Old Colony Railroad yards without interfering with
their traffic, operntions at that point were carried on entirely
below the surfuce. The tracks were supported by stringers,
and the spaces Dbeiween them floored over. By the use of
special machinery all the earth exeavated or refilled, as well as
materials for constructions, was conveyed by tracks suspended
below the floor.  The trench was well braced, and its sides pro-
tected by lag-sheeting, which, together with the piles driven to
support the sewer, were all put in place without eneroaching
upon the surface. Tt is believed thut not a single train wag
delayed, nor any inconvenicnce caused, by these operations.
The average cost of this section of sewer was about $31.26 per
lineal foot.

- In Federal Street, and Atlantie Avenue to its end at Central
Strect, the intercepting sewer is oval, four feet six inches high by
two feet eight inches wide.  Fig. 5, Plate VIII., shows the usual
mode of construction.  Tederul Street contained double horse-
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railroad and single freight-railway teacks, and heneath its sur-
fuce were one sewer, two water-pipes, and two guas-pipes.
Beds of dock mud extended from 5 to 20 feet below tln, hottom
of the new sewer, and old dock walls and timber structures
were frequenily encountered. A location on the east side of
the street was found to be most practicable, and the sewer was
built by methods which left the roudway open for travel. By’
flooring over the trench at intervals, passages were mainiained
through the excavating machine (shown on Plate XXV.) to the
ymds and wharves l)OldClllw Fort Point Channel.

The freight-railway tmcks were shifted towards the centre
of the street, and were used during the day for the passage of
horse-cars in one direction. Bricks, cement, and other material
were piled on the outer edges of hoth sidewalks where they
would cause least inconvenience, and always so us to leave a
clear passage-way four feet wide. Endeavors were made to
cuuse the least possible annoyance to corporations and individu-
als; and in general these efforts scemed to be appreeiated and
reciprocated by the public, so that complaints were rarve.
This section of work was 5,159 feet long. The average depth
of excavation was aboiit 21 feet, and the average cost of com-
pleted sewer was $15.06 per lineal foot.  The Stony-Brook in-
tereepting sewer joins the main sewer at the intersection of
Cumden and Tremont Streets.  This sewer intercepts the sew-
age which formerly empticd at seven outlets, into Stony Brools,
and thence found its way into the Back Bay. In Tremont and
Cabot Streets, from Camden to Ruggles Street (Plate V.), a
distance of 2,135 feet, the sewer was built by contract. The

rate of inclination is 1 in 700, and the average depth of exea-

vation required was 21 feet. The sewer is nunly circular, four
feet six mch(,s wide by four feet cight inches high, and is chicfly
founded on'clay, so that side \V‘ll]S were only needed for about
300 feet, and the average cost per lincal foot, including inspee-
tion, was $11.97.  The customary iron penstock gate was built
into the sewer just above the hell-mouth connection ¢chamber by
which it jeoins the main.

As the territory drained by the sewers which empty into
Stony Brook is high land, » large automatic regulating appara-



INTERCEPTING SEWERS, ha

tus, similar to the one shown on Plate VIL., was built into the
intercepting sewer at Ruggles Street, by means of which the
flow is partly or wholly cut off durving severe and continuous
rain-storms. Above the regulator is a three-way bell-mouth
chamber (Fig. 10, Plate VIIIL.), from which radiate three
principal branch sewers.  The centre or main branch, about 41
feet in diameter, is 1,700 feet long, and intercepts the sewage
formerly discharging into the brook by outlets at Elmwood and
Hampshire Strects.  This sewer passes twice under the brook,
at s0 low an elevation that ite preserves its regular grade and
shape. The other two branches are built just large enough to
enter, being 2 X 3 feet, egg-shaped, with the smaller end
down. These also cross twice under the brook, at Tremont
Street and at Ruggles Street. Including the regulating cham-
ber, and all sewers above it, this section of work was built by
the day, under the City Superintendent, Mr. H. A. Carson.
There were built in all 4,229 lincal feet of sewers, including 415
feet of 19-inch pipe. The average cost per foot of the whole
was $14.30. A considerable portion of the 2 X 3 feet sewers
was built during the winter of 1880-81. The sewers were
from 14 to 19 feet below the strect surface, and the excavation
was done by tumnelling from pits about 10 feet apart. The
outlets of the city sewers being below the level of high tide, in
order to prevent back-water reaching the intercepting sewer, it
was necessary to build gate-chambers just heyond the points
of interception, each chamber containing a double set of tide-
gates.

The last of the large intercepting sewers joins the main sewer
at its present end at the intersection of Camden Streel with
Huntington Avenuce (Plate V.). It is conmonly called the
West Side intercepting sewer, and is located in streets border-
ing the westerly margin of the city proper, and intcreepts the
sewage which formerly discharged into Charles River. This
sewer is about 3} miles long, and its inclination from end to
end 15 1 1n 2,000. :

From the main sewer to Beacon Street, and in that street to
Charles Street, a distance of 9,325 feet, the West Side sewer
was huilt by day’s labor, at an average cost of $13.35 per lineal
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foot. This scetion of work includes, besides the customary
man-holes, six common-sewer connections, five small regulators,
one side entrance, one penstock, and three flushing-gates. The
usual form of this sewer is shown by Fig. 8, Plate VIII, Itis
ege-shaped, five feet six inches high by four fect nine inches wide.
It will be noticed that the usual position given to an egg-shaped
sewer is reversed in this case, the larger end of the egg forming
the invert. This position was adopted because, while affording
convenient head-room, it kept the flow line as low down as was
practicable, As the flow in this sewer is always a foot or
more decp, the hydraulic mean depth, and consequently the
velocity of flow, is greater than it would have been had the
smaller end of the sewer been below,

A case of slight injury to this sewer may be worth noticing.
When the sewer was huilt on the line of Falmouth Street that
street had not yet been filled and graded, and the mud and peat,
which underlay the marsh surface in that locality, sometimes ex-
tended down below the top of the sewer. About a year after-
wards the street was graded with gravel about seven feet high
above the original surface of the marsh over the sewer. One
side of the street was filled Defore the other, and the unequal
pressure which resulted was transmitted to the sewer, and
caused its arch to bulge, as shown hy Fig. 12,  Fortunately the
amount of distortion was not sufficient to endanger the sewer’s
stability, and the crack was pointed with Portlund cement.

In Hereford Street, for a distunce of 282 feet, the sewer lo-
cation passed under a freight-yard of the Boston & Albany
Railroad, in which were about 20 lines of track. Piles were
driven and stringers placed to support these tracks, and nearly
all of the sewer huilding operations were carried on benecath
the surfice of the ground, so that the traffic of the railroad was
not interfered with. At this point, and heyond the railroad
loeation for a total length of about 800 feet in Herveford Street,
a4 commoen sewer was built in the same trench, directly above
the intercepting sewer. This was done by an arrangement with
the City Sewer Department, whick designed and paid for the
upper sewer. A cross-section of the two sewers, showing their
arrangement, is shown by Fig. 9.
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In Beacon Street, for a distance of 590 feet in the vicinity of
Exeter Strect, 22 old stone walls, from five to twelve feet thick,
were encountered and had to be cut through.  These walls con-
stituted the sluice-way of the old mill-dam, and their removal
caused considerable delay. The cost of excavation per lineal
feot of trench, 20 feet decp in this strect, varied from $3.94 to
$14.49, The secction from Camden to Charles Street was
built in 1878. Daring a portion of the season work was car-
ried on day and night at two different points. The largest
number of men and boys cmployed at any one time was 369.
The rate of progress varied greatly ; where no special obstacles
were niet, 108 feet of completed scwer was built each 24
hours.

On DBeacon Street the large common sewers in Hereford,
Fuirfield, Dartmouth, and Berkeley Streets are intercepted.
‘The sewage from each of these sewers passes to the intercept-
ing sewer through a chamber in which is a small automatic
regulating apparatus, similar to the one shown on Plate VIIL,
so adjusted as to cut ofl the flow whenever the water in the
intercepting sewer exceeds an established depth. The sewers
just mentioned are too low to pass over the intereepting sewer,
and a somewhat different methed of construction was necessary
in connecting them. The arrangement at Berkeley Street is
shown by Fig. 13, Piate VIII.

A secondary intercepting sewer was built in Brimmer Street,
which collects all of the sewage flowing westward from Beacon
Hill, and conveys it to the principal intercepting sewer in Bea-
con Street. For the sake of economy and simplicity the old
outlets of the common sewers in Revere, Pinckney, Mt. Ver-
non, Chestnut, and Beacon Streets were abandoned, and the
total flow from these sewers, including ruin, is taken by the new
Brimmer-Street sewer, a single storm overflow being provided
at Back Street. The construction of the Brimmer-Street sys--
tem involved the building of 1,456.5 feet of aval brick sewers,
varying from 2 X 3 feet to 3 X 4 feet 6 inches in diameter ;
also the rebuilding of about 556 feet of common sewers, which:
were found to be too low or otherwise defective. The flow
from the Brimmer-Street sewer into the intercepting sewer in
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Beacon Street is reguluted in the same manner as that from the
ordinary city scwers.

A dittle beyond Brimmer Street alarge common sewer, which
comes from the south across the Public Garden, is intercepted.
This drains what 1s called the Church-Street district, compris-
ing low territory, in which arve many ccllars which used often
to be inundated.  Sewage from this sewer, therefore, is taken
dircetly into the intercepting sewer without the intervention
of any regulating apparatus.

On Charles Strect, from Beacon to Cambridge Street, a dis-
tance of 1,832 fect, the sewer was built by contract. It is cgg-
shaped, 4 X 4.5 feet in diameter (Figs. 6 and 7), and cost
$10.10 per lineal foot. This was the only section of the West
Side sewer which was built by contract. In excavating the
trench many of the hollow-log water-pipes of the old Jamaica
Pond Aquednet Company were found in a perfect state of pres-+
crvation. A house-drain was found which the drain-layer had
connected with one of these water-pipes, although the strect
sewer was but a few feet distant.  The log had but three inches’
bore, and, of ¢ourse, led to no outlet,

At the intersection of Cambridge and Charles Streets a large
automatic regulating apparatns, similar to the one shown on
Plate VIL., was built into the sewer, to control the flow from
above. The excavation in which the chamber for this appa-

"ratus was built was 30 feet squave; but, by flooring over the
top of the excavation, and supporting the various lines of street-
railway teacks at that place, travel was not impeded, all build-
ing operations being carried on helow the surface of the street.

From Cambridge to Leverett Street, a distance of 2,150 feet,
the intercepting sewer is oval, four feet six inches by three feet
in diameter. It is of brick-work, cight inches thick, and usu-
ally required a timber cradle-support. The workon this section
presented the usual difficultics met with in excuvating through
filled land, in the way of old obstructions and the free access of
tide-water. By a rather curious coincidence, for a distance of
about 500 fect, the remains of an old whart or bulkhead were
found, with longitudinal vows of piles within the trench in such
positions that, by cutiing them off at the proper elevation, they
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served as a support for the sewer, in the plice of new piles which
would otherwise have been necessary.  Seven hundred and one
fect, in all of the Fruit-Street and Livingston-Street sewers,
which were too low to be intercepted, were replaced by 2 X 3
feet oval brick sewers. The private sewer from the Massachusetts
General Hospital was also too low fo be intercepted.  This was
found to be a rectangular wooden scow, 2.5 X 2.5 feet in dian-
cter, with its bhottom at low-tide level. The Trustees of the
hospital themselves replaced it with a 10-inch drain-pipe at a
higher clevation.

From Charles Street to its upper end at Prince Street, a dis-
tance of 3,571 feet, the West Side sewer maintained, with rare
exceptions, an cven size, of three feet wide and four feet six
inches high,  The arch consisted of eight inches of brick, and
the invert was generally made with four inches of brick, resting
on a timber cradle, also four inches thick. The common sewer
in Lowell Street, which was a large, flat-bottomed wooden SCOW,
was too low to be intercepted. It was accordingly abandoned,
and all branch sewers and house-drains were connected directly
with the intercepting sewer.  To facilitate making these connec-
tions the intereepting sewer was loeated exactly on the line of
the old sewer. The top planks of the latter were removed, but
its side planks were retained, and the new sewer, with its width

-reduced to two feet eight inches, was built between them.  The
flow of sewage was maintained during the construction through
channels above the Hioor of thie old sewer and below the bottom
of the new one, which was supported on timber saddles (Fig.
14, Plate VIIL.). .

Causewny Street is one of the most crowded thoroughfares of
the city. It contains two lines of track for horsc-cars and one
for freight-cars.  On its north-westerly side are the depots of
three railroads, with no outlet for their passengers and freight
except into this strect.  The tracks of another vailroad cross
the street. The territory traversed by the street is all made
land, consisting of loose materials filled upon a mud bottom.

It was with some apprehension of trouble that work was
begun on this section.  The most difficult feature of the work
was so to conduct it that travel should not be serionsly impeded.
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Owing to the skill and care of the superintendent and his subor-
dinates, and to the appliances used for handling the earvth and
other material, the sewer in this street was built within four
months, without closing any portion of the street to travel, and
with the minimum of inconvenience to the public. At strect-
crossings and entrances to railroad-yards work was carried on
below timber platforms, or bridges, without encroaching upon
the strect surface. Incrossing the Boston and Maine Railroad
tracks, the excavating upparatus, with its steam-cngine, wus so
clevated as to leave head-room for the passage of trains.
Plate IX. is from a photograph iaken at this point.

As 1 precaution, where the foundation seemed insecure, the
vertical diameter of the sewer was increased by six inches, so
that, should slight unequal scttlements occur, the invert may be
brought to its true grade without lesscning the desired size of
the sewer. Ior about 76 feet, to avoid interfering with the
street surface, the intercepting sewer-was built entirely within
an abandoned common sewer (Fig. 15, Plate VIIL). At the
upper end of the intercepting sewer, at Prince street, the grade
of the invert is about four feet above mean low water, which is
the highest clevation of any portion of the Main Drainage Sys-
tem. At this point # direct connection with the harbor has
been made, which is closed under ordinary eiveumstances by a
three feet square penstock gate. By opening this gate at the
time of high tide the sewer can be thoroughly flushed.
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CHAPTER VIL
PUMPING—STATION,

As before stated, and as shown by the plan (Plate V.), the
Main Drainage Pumping-Station is situated at Old Harbor
Point, on the sea-coast in Dorchester, about a mile from any
dwelling. In flowing by gravitation to this point the sewage
has descended, so that it is from 11 to 14 feet below the cleva-
tion of low tide. "To reach its final destination it must flow
about 2} miles further, to Moon Island, and be high enough,
after arriving at the storage reservoir on the island, to be lot
out into the harbor at the time of high water. That it may do
this it must first be raised by an average lift of 35 feet.

The essentinl parts of the pumping-station are: a filth-
hoist (so called), where the sewage passes through screens to
remove solid matters which might clog the pumps; pump-
wells, into one or more of which the sewage cun be turned;
pumping-engines to raise the sewage; an engine-house to pro-
tect the engines; a boiler-house, containing boilers to furnish
steam-power; a conl-house to store a supply of coal; and a
dock and wharf, where vessels bringing coal ean be unloaded.
The position and arrungement of these principal) stractures and
apparatus are shown on Plate X.

The filth-hoist is a solid masonry structure, extending from
the surfuce of the ground down to below the main sewer. Its
inside dimensions are 25 x 32 feet, and its exterior walls are from
4 to 5 feet thick, founded upon two courses of 10-inch timber.
In excavating for building the filth-hoist, the ground, which
consisted of wet sand, was held by round wooden. carbs.  The
total depth of excavation was 35 feet, and the upper 12 feet
were dug without bracing to natural slopes. Below this three
tiers of 4-inch sheet planks, each 10 feet long, were driven, and
were Dbraced by circular ribs. The three curbs were 71.61
and 57 feet in diameter, respectively, and by this method of
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bracing an unobstructed space was secured for building the
mMAsenTy.

As will be seen by veferring to Plates X. and XI., the main
sewer pusses through the westerly foundation wall of the filth-
hoist. At this point the sewer has granite voussoirs cut to
form a hell-shaped opening.  Facing t-h(, sewer opening are two
@ate openings, protected by iron penstock gates, 7 X 6.5 feot
cach, through one or both of which the scwage flows. These
@ates are counterhalanced and are moved by hydraulic pressure
derived from a city water-pipe.  The pressure is suflicient to
move them freely ; but to start them when down, with a head of
water against them, a hydraulic force-pump is added, by meuans
of which the initial pressure can e inereased to any extent re-
quired. Beyond the gates the structure is divided longitadinally
by a brick partition wall into two parts, in each of which are
chambers containing two independent cages, vr screens, one
before the other.  The cages are rectangular in shape, 7 feet 8
inches high, 7 feet 3§ m(,heq wide, and 3 feet 4] inches deep.
They are shown in detail by Fig. 4, on Plate XIV. Their
hacks, sides, and tops are tmmed of 3-inch round iron rods,
with 1-inch spaces between them. The cages are counterbal-
anced, and are raised and lowered by four small steam-engines.
The stenm for these engines, as well as for heating purposes,
is brought underground from the boiler-house. The super-
struncture of the filth-hoist i 30 x 37 feet outside dimensions,
and is built of quarry-faced granite dimcnsion-stones, lined
inside with brick. _A view of the outside of this building is
shown at the left side of Pluite XVIL.  Plate XII. is from a
photograph tuken inside of the filth-hoist when one pair of cages
was raised. Tt gives a general idea of the arrangement of the
hoisting machinery.

After passing through the cages the sewage is conveyed by
one or both of two scwers, nine feet in diamecter euch, to galleries
on either side of the engine-house substructure, from which
galleries it can be admitted through gate openings to one or
more pump-wells, situated between the galleries. The bottom

of the pump-wells is 19.5 feet below low-tldc level and 36.5
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feet below the surface of the ground. From the wells the sew-
age is raised by the pumps to its required elevation.

The complete design of the pumping-station, as indicated on
Plate X., consists of an engine-house, two boiler-houses, and a
coal-house, so arranged as to include a court-yard. The build-
ings are to be of dimensions suitable for containing eight pump-
ing-engines with their boilers and other appurtenances. Only
the portions of these buildings shown on the plan by full lines
arc at present coustructed or needed.

The foundation walls of the engine-house aggregate about
350 feet in length. They are 37.5 feet in height and nine feet
thick af the bottom, where they rest on a timber platform, 24
inches thick, which also extends under the whole huilding, and
furnishes a foundation course for the piers which support the
engines. To Dbuild the exterior walls trenches 16 feet wide
were first excavated. A core of earth was loft inside these
trenches until the walls had been erected, when it was removed
to make place for the pump-wellsand engine foundations, The
exterior retaining and foundation walls were built of granite,
_and, althongh called rubble masonry, yet, owing to the sizes
and shapes of stones used and the care taken in selecting and
laying them, the work more nearly resembles a fair quality of
roughly coursed block-stone work.

The pump-wells and engine foundations are built chiefly of
brick, but contain in addition about 300 dressed granite stones.
These stones are used for copings, as bearings for holding-down
- bolts, for lining gate and other openings, ete., etc. There are
nine iron gates, with suitable attachments and shafting, operated
by two small steam-engines. Eight of these gates, 4 feet 9%
inches hy 6 feet 31 inches cach, control the flow of sewage from
the side galleries into the four pump-wells.  Another gate, 4 X
4 feet square, controls the admission of salt water from the salt-
water conduit.

This last-mentioned structurc, as shown by the plan (Plate
X.}, is a solid masonry conduit, with its bottom six feet helow
the elevation of low tide, and connects tide-water at the dock
with one of the engine-house galleries. Its office is to conduct
salt wuter to the engine-house for use in the condensecrs, and
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also to furnish an additional supply of water to the pumps for
flushing or other purposes, whenever the amount of sewage re-
ceived from the main sewer is insufficient for such purposes.

As has been stated, the sowage is elevated to heights (de-
pending at aby time upon the depth of sewage in the reservoir)
which average about 35 fect.

As the city sewers receive rain-water, and as it is desired to
take as much of this as possible, especinlly from certain districts,
it follows that during short periods of time, when it rains, very
much greater pumping capacity is needed than is usually suffi-
cient. There must,. therefore, be a pump, or pumps, to run
continuously, and others to run only when it rains or thaws,

The chief item of expense in pumping is the cost of fuel.
For the sake of economy the pumping-engines for continuous °
service must do their work with as little consumption of fuel as
possible, and to accomplish this an expensive machine can be
afforded. For the engines which run only oceusionally cheaper
michines are more economical, the saving in interest on the first
cost more than compensating for the cxtra fuel consumed by
them. The pumping plant of the Boston Main Drainage Works
includes two expensive high-duty cugines and two cheaper lower-
duty engines.

The hmh duty engines were designed by Mr. E. D. Leavitg,
Jr., on geneml specifications prepdl'cd by the City’ Engineer,
Mr. Davis. They werc built by the Quintard Iron Works, of
New York, and cost about $115,000 each. A plan and elevation
of one of them is given on Plate XI1I. '

As will be seen, it is a compound beam and fly-wheel engine,
working two single-acting plunger-pumps. The steam cylin-
ders arc vertical and inverted, their axes coinciding with those
of the pumps below them, the pistons of the engines and
plungers of the pumps being connccted in the same line with
the ends of the beam.

In designing these engines particular attention was given to_
the following conditions ; —

Fivst. 1!1@ distribution of the weight of the engine so as .

not to produce concentrated pressure on any part of the foun~
dations.



s —————
e |

[nrarior of Filih-Hois: withh one pair of copes mnisaed




GINES.

]
Fd
&)
o,
M
"_.I.._
A,
”._| "
=~

—
L.E
e




PUMPING-STATION. 63

Second. Great strength in the details and combinations of
the parts, to render the liability of breakage a minimum.

Third. A proportion of the wearing surfaces such as will
allow of an uninterrupted running for extended periods, with
the Teust wear. .

Fourth. Fasy accessibility of all the parts for examination,
repairs, and renewals.

Fifth.  An adaptation of the pumps and their valves to the
peculiar duty required of them, 7.e., to allow the -passage of
rags, sticks, and such other small hodies as will not be detained
by the filth-hoist ; and, in addition, a# construction which will
admit of the easy rcmoval of an cntire pump or any of its
parts, without disturbing any important part of an engine.

Sixth. A high degree of economy in the consumption of
coal. ) i

.The following are a few of the leading dimensions : —

Diameter of high-pressure cylinder, 25} inches.

Diameter of low-pressure cylinder, 52 inches.

Diameter of plunger, 48 inches.

Stroke, 9 feet.

Distance between centres of eylinders, 15 fecet 2 inches.

Radius of beam to end centres, § fcct 3 inches.

Radius of crank, 4 feet.

Diameter of fly-wheel, 36 fect.

Weight of fly-wheel, 36 tons.

Nominal capacity, 25,000,000 gallons a day.

Speed for capacity, 11 strokes per minute.

Steam at a pressure of about 100 pounds is admitted from
the supply-pipe, A (sce Plate XIIL.), through the side-pipe, I3,
to the steam-chests of the high-pressure cylinder, C.  The dis-
tribution of steam is effected by gridiron slide-valves, having a .
short, horizontal movement 1mp.utcd by revolving cams, D,
fixed on n horizontal shaft, IZ, running along the bases of the
cylinders, and driven by the crank-shaft through sunitable gear-
ing, F.  The steam is cut off’ by the turther revolution of the
cam. The cut-off is adjustable, and controlied by the gov-
ernor, (3.

After expanding to the end of the stroke the steam pusses
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through the exhaust steam-chests to reheaters, H. These are
cast-iron boxes, each containing about 750 §-inch brass tubes,
two feet nine inches long.  These tubes are filled with high-
pressure stenm, and in circulating about them the working
steam is thoronghly dried. ‘

From the reheaters the steam is admitied to the low-pressure
cylinder, I, where further expansion takes place. Thence it
passcs to the condenser, J, where it is condensed by salt water
from a rose jet. K is the air-pump, and L the outhoard
delivery-pipe.

The pumps, M, are hung to heavy girders supporting the
engines by cast-iron hangers, N. A part or the whole of the
weight of the pumips can also be supported by the wheels, O,
resting on very strong cast-iron beams, P, built into the ma-
sonry on cither side of the pump-wdélls. By disconnecting
their hangers, the pumps, supported entirely by these wheels,
can e run back on the beams (which then serve as tracks),
and can be hoisted out of the pump-wells without interfering
with the fixed parts of the engine.

At Q are side galleries, through either of which the sewage
reaches the gateways, R, leading into the pump-wells. In front
of these gateways ave iron gates, not shown on the plate, whiqh
admit or exclude the sewage, 8 S are the plungers. UTU are
man-holes, T is the force-main. The discharge from one
pump passes through the delivery-chamber of the other.

The interior construction of the puwmp is shown by Fig., 1
on Plate XIV., which is a vertieal section through the pump
under the high-pressure eylinder.  The plunger is represented
as just completing its down stroke. The suction-valves (of
which there are 36 to each puwmp) are closed, and the delivery-
valves (27 in number) are wide open, to permit the discharge
of the sewage displaced by the plunger. In the other pump,
at the same moment, the plunger would he completing its up-
ward stroke, and the action of the vaives wounld be reversed.

The valves are of somewhat novel construction, and are
shown by a section of a portion of one of the valve-plates, and
the whole of one valve (Plate XIV., Fig. 2). As will be seen,
they are simply rubber flaps, 3-inch thick, with wrought-iron
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backs and washer plates, the rubber faces bearing on cast-iron
seats inclined at an angle of 45°. The valves form their own
hinges, and open against guards or stops faced with leather.
The cleur opening is 43 X 13% inches.  Pieces of board 10
inches wide and 24 inches long have passed throngh these valves.

The ordinary working duty of these engines is necarly or
quite 100,000,000 foot-pounds to each 100 pounds of coal?

The two pumping-engines for storm service were built at the
Hydraulic Works, Brooklyn, L.I., by the firm of Henry R.
Worthington, of New York, from their own designs, and cost
£45,000 each.

They are of the Worthington daplex, compound, condensing
type. Each machine consists in reality of two distinet com-
pound engines coupled together, each engine working a double-
acting plunger-pump. The capacily of each double engine is
25,000,000 gallons of sewage a day raised against a total head
of 43 feet. This requires about twelve double strokes a minute
and a piston speed of about 115 feet per minute.

Steanm at from 40 to 50 pounds is carried full pressure
through the stroke of each high-pressure cylinder. Thence it
passes through reheaters to the adjoining low-pressure or ex-
pansion eylinders, and is expanded during the reverse stroke. It
is then admitted to the condenser and condensed by a jet of salt
water.  The steam eylinders are 21 and 36 inches in diameter
respectively.  They are steam-jacketed all over and suitably
coated and lagged. The stroke is four feet.

The steam-valves are moved by a novel and ingeunious con-
trivance, called by the makers *the hydraulic link.” Each
engine hus two small vertical cylinders, in which are plungers
worked from the air-pump bell-crank. These plungers foree
water forward and backward through pipes leading to a
cylinder in front of the high-pressure steam-chest. In this

1 Two duly trials, of 24 houvs’ duration each, have been wmade recently of one of the
Leavitt pumping- eugines. These tests were very carefully conducted, and all fuel borned
uncler the boiler was charged, no deductions being made for ashes and clinkers. In the
fivst trinl steam veguired for the feed-pnmp was supplied from a separate boiler, Making
no deduction for this, the duty developed was a little over 125,000,000 foot-pounds for
cach 100 pounds of coal. In the second trial the same Dboiler supplied steam for the

primping-engine and the feed-pump, and the duty developed was about 122,000,000 foot~
pounds.
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cylinder is a piston connected with the main valve-stem of the
engine, and the pressure imparted by the water alternately to
opposite sides of the piston moves the valve-stem and effects
the steam distribution,

~ There are two pumps to each machine. Fig. 3, Plate XIV.,
is a section through the pumps of one engine. TEach pump is
double-acting, heing divided transversely in the middle by a
ring which packs the plunger. The plunger is holiow, 45
inches in diameter, and has a 4-foot stroke, Tt displaces its
bulk of sewage at each stroke in either direction. The positions
of the valves, suction, and delivery chambers are indicated by the
section.  The valves are similar to those of the Leavitt engines,

The engines and pumps are compact, and very conven-
jently arranged for inspection of all their parts. A fair idea of
their appearance ¢an he ohtained from Plate XV., which-is a
photograph taken inside the engine-house. The guaranteed
duty of these cngines is 60,000,000 pounds of sewage raised 1
foot high by the consumption of 100 pounds of coal.

To supply steam for the four engines there arve four boilers,

,of a nominal capacity of 250 horse-power cach. They were
built by Kendall & Roberts, of Cambridge, Mass., and cost
about $9,500 cach.

The hoilers are of the horizontal fire-box, tubular form, and
are made of homogencous steel having a tensile strength of not
less than 60,000 pounds per square inch, an clastic limit of
37,000 pounds, and an clongation of 30 per ecent,  The shell is
17 inch, and the tube-sheets are § inch thick. The length over
all is 39 feet 10 inches. There are 132 tubes, 3-inch internal
dinmeter, 15 feet long.

Each hoiler has two firc-boxes, 33 feet wide, 5 feet high, and
11 feet long. At the ends of the fire-boxes is a combustion
chamber four feet long.

The smoke-flues return into chambers containing flue-heaters,
composed of 80 seamless brass tubes, 24 inches in diameter and
15 feet long. The heaters are on a level wiEh the boiler-house
floor, and can be run out from their chambers for cleaning or
repairs.  From the heaters the smoke passes by brick flues
under the floor to the chimney.
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The chimney has a circular flue, 66 inches internal diameter
and 140 feet high.

Among the minor engines and pumps appertaining to the
pumping-station are four engines for raising and lowering the
filth-cages ; two engines for moving the gates in the engine-
house galleries; two pair of double-ucting steam-pumps for
feeding the boilers ; two double-acting steam-pumps for supply-
ing salt wdter to the condensers; one large steam-pump for
emptying the pump-wells and galleries in the engine-house.

The buildings are warmed by a system of steam-pipes and
radiators, und are lighted by gas made on the premises from
gasoline.

‘The conl-house is 129 x 59.5 feet in internal dimensions.
It contains six coal-bins, or pockets, with a combined capacity of
about 2,500 tons of coal. Tlese bins are 23 feet high, and are
built with solid walls formed of 2 X 6 inch spruce lumber,
planed to an even thickness, and spiked flatwise on each other,
a method of construction similar to that used in building grain
elevators, The coal-house floor is made of Portland cement
concrete. Iron cars are used for bringing coal from the bins
to the boilers, and suitable tracks, turn-tables, and scales are
provided.

To furnish access to the pumping-station for colliers and
other vessels, a channel one-half of a mile long was dredged out
to the ship-channel in Dorchester Bay ; 380 feet of dock-wall
and 2 wharf 280 feet long were constructed.  To facilitate the
unloading of coal a coal-run, supported on a trestle 27 feet high,
connects the whart with the coul-house, and extends over the
tops of the bins within the house.

Above their foundations all buildings at the pumping-station:
‘were designed and built by the City Architect’s Department,
A front view of the main building is given by Plate XVI.
(froutispicce), and a side view by Plate XVII.  This building
cost about $300,000. N
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CHAPTER VIII.
OUTFALL SEWER.

Tur sewage is pumped through 48-inch iron ‘force muains
(Plates X. and X1I.) into what is called the pipe-chamber. At
“this point the scwage reaches its greatest elevation, and is high
enough to flow into the reservoir at Moon Island.  The pipe-~
chamber is a granite masoury structure. 51 feet long inside,
resting on a foundation bed of concrete, 24 inches thick.
The walls are 21 feet high, from 4 to 7.5 feet thick, and contain
more than 100 dressed stones.  The force mains from the four
pumps already provided pass through the westerly wall of the
pipe-chamber, and four more short sectiohs of 48-inch pipes
are also built into that wall, to conneet finally with the four
additional pumps, which it is expected may be needed in the
future.

From the pipe-chamber the sewage passes into what are
called the deposit sewers, and through them flows nearly a
quarter of a mile to the west shaft of the tunoel under Dor-
" chester Bay.  These sewers are supported and protected by a
gravel pier or embankment, built from the original shore line
at the engine-house out to, and including, the tunnel shaft.
Plate XVIIIL. gives a general view of this pier from its outer
end. The picture is a reproduction of a photograph taken
durving the winter when the bay was frozen over. A cross-
section of this pier is shown by TFig. 5, Plate XIX. 1t is
built of gravel, which was mostly dredged from the harbor.
On its northerly or most exposed side the pier is protected by
a riprap embankment, ballasted with broken stones and oyster-
shells.  The southerly slope is ballasted and paved with stone,
and the easterly end of the pier is protecied by a retaining-
wall (Fig. 4) of cut-stope masonry, laid in mortar and
backed with concrete, the whole vesting on a pile foundation.
In all there were used in building this pier about 41,000 tons

- g
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OUTFALL SEWER, ‘ 69

of riprap, 16,000 yards of ballast, 120,000 yards of gravel,
600 yards of dimension stone, and 650 piles. The pier was
built by contract, and its total cost, excluding that of the sewer,
was $142,064.97.

The general character of the deposit sewers is shown hy
Fig. 7. As will be seen, they consist of a monolithic struct-
ure of concrete, forming two conduits, each 16 feet high and 8
feet wide. This height is necessary to accommodate the daily
variations in the elevations of the surface of the sewage due to fill-
ing and emptying of the reservoir at Moon Island. The sewers
are dammed at their lower ends to maintain n depth of from 8
to 10 feet, in order that the velocity of flow through them may be
very sluggish, so that any suspended mmtters may be deposited
here before reaching the tunnel. They arve provided with gates
and grooves for stop-planks, so that the sewage can be turned
through cither or both sewers, and either can he entirely emp-
tied if necessary.

The whole structure contains about 10 cubic yards of con-
crete to the lineal foot, or over 12,000 yards in all. The
bottom portion up to the straight walls is formed of Rosendale
cement, sand, and stone, in the proportion of each, respect:
ively, of 1, 2, and 5. Above this elevation, for the outer side
walls, the same proportion is maintained ; but the cement used
wus o mixture of 1 part Portland and 2 parts Rosendale,
For the concrete forming the centre wall and top arches only
Portland cement was used. The best Rosendale and very fine
ground Portland cement were procured for the work. The
sand was screencd on the spot from the gravel forming the pier,
and a portion of the stone was obtained in a like manner. A
still darger proportion of the stone came from the tunnel execa-
vation, being brought in lighters from the middle shaft and
passed through a "stone-crusher. Machine concrete mixers
were used, into which the cement, sand, and stones, in proper
proportions, were continuously shovelled.

The concrete was rammed thoroughly in 6-inch courses.
Long sticks of timber were emhedded in each layer of concrete
while it was being rammed into place, and were removed after
it had set, and before the next layer was added. The spaces
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occupicd by the sticks formed grooves, into which the suceceding
layers bonded.  Incutting through one side of this structure six
months after its completion the whole mass was found to” he
perfeetly homogeneous, and lines of demarcation hetween the
different layers could not be detectled.

The bottoms of the sewers are lined with one layer of hard-
burned bricks to resist crosion when the sewers ave cleaned.
The sides are plastered with a J-inch coat of Portland cement
mortar. The arches are of long radius and but 13 inches thick.
As they were to be loaded at once, they were tied, as shown, by
13-inch wrought-iron rods, spaced five feet apart.  Brick man-
holes were built at intervals of 300 feet.

Comparatively heavy matters, such as gravel and sand, settle
almost at once at the west end of the deposit sewer, Lighter
matters travel a little further; but only a very light semi-fluid
precipitute is ever found at the casterly ends of the sewers, near
the shaft,

The best way to clean out this” deéposit wag long considered,
and the following plan was finully adopted: A large wooden
tank was built near the end of the pier, just outside of its
southerly slope, about 120 feet distunt from the sewers (Figs.
3, 5, and G, Plate XIX.) It is supported on piles, its floor
being three fect above high water and one foot loswer than the hot-
toms of the sewers.  One end of this tank is connceted with the
deposit sewers by two 6-inch iron pipes, the other end is con-
nected with the chamber aubout the tunnel-shaft by a 12-inch
pipe. By means of stock-planks the surface of water is made to
stand about three feet higher in the deposit scwers than it does
in the shaft-chamber.  Circulation is thus established from the
deposit sewers through the 6-inch pipes into the tank, and
thence through the 12-inch pipe to the shaft, and a part of the
sewage goes to the tunnel throngh this hy-pass.

The G-inch pipes leave the deposit sewers near their bot-
toms, und the sewage which enters the pipes draws sludge along
with it and again deposits it in the still water of the tank. The
tank s 10 feet wide, 15 feet high, and 50 feet long, and will
hold about 150 yards of sludge. It has on its seaward side
three gute-openings, terminating in cast-ivon nozzles, 12 inches
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in diameter. When the tank is full of sludge a scow is laid
alongside it, and the nozzles are connected with the interior of
the scow by means of canvas tubes. The gates are then opened,
and the sludge flows from the tank into the scow.. '

In order to draw down to the 6-inch pipes the sludge which
has Dbeen deposited at the upper ends of the deposit sewers
scrapers are used. These consist of floating rafts (Figs. 7 and
8§, Plate XIX.), made of 12-inch hollow iron tubes, to the bot-
toms of which are hung wooden aprons, a little less wide than
the sewers,  The aprons are weighted so that their lower edges,
which are provided with broad iron teeth, sink somewhat into
the sludge. The current in the sewers carries the whole
apparatus down stream, and the sludge is scraped and flushed
before it.

The deposit sewers connect with the tunnel shaft at a masonry
chamber built about the latter (Figs. 1 and 2, Plate XI1X.).
At the ends of the sewers are placed gates 7 x 8 foet in size.
These gates maintain a depth of cight or more feet in the sewers.
They are so arranged that on tripping a latch they can swing
open and empty suddenly the liquid contents of the sewers into
the tunael, producing temporarily a_strong flushing velocity.
Tmmediately about the shaft is a wrought-iron cuge, to prevent
any bulky object which may fall into the sewers from reaching
the tunnel. .

The shaft chamber is encircled by two 64-feet “ waste sewers,”
into which the deposit sewers can overflow above waste weirs,
or with which they can direetly conncct instead of discharging
into the tunnel. The waste sewers unite just cast of the shaft-
chamber and pass to an outlet built through the sea-wall at the
end of the pier. Should the tunnel ever be emptied for inspee-
tion sewage cun temporarily be pumped into Dorchester Bay
through this ontlet. Above the shaft chamber is a brick gate-
house of ornamental design, built by the City Avchitect.

The second section of outfall sewer comprises the tunnel
under Dorchester Bay. Exploratory borings made on the
tunuel line during the preliminary survey showed that the sur-
face of bed rock was but little below the bottom of the harbor,
from Squantum to about the middle of the bay. From that
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point westwardly towards Old Harbor Point the rock dipped
rapidly, so that under the pumping-station its surface is 214
feet below the surface of the ground. The surfuce of the rock
is somewhat shaken, and immediately above it is a water-bearing
stratum of sand, gravel, and boulders. Above this, clay extends
nearly to the harbor bottom, which is composed of a bed of mud
of varying thickness.

The clay is of uniform character, and contains occasional
veins and pockets of sand. Using reasonable precautions a
tunnel could be safely and expeditiously. built in it. The per-
vious stratum over the rock and the demoralized upper portion
of the rock itsclf were not at all favorable for tunnelling opera-
tions, and could only have Dbeen penetrated with extreme pre-
caution and a considerable chance of failure. The rock itself
was well adapted for tunnelling. It consists of a succession of
- clay-slates and conglomerates, and belongs to the series known
as the Roxbury * pudding-stone ” beds.

‘When the trough in which these beds lie was formed they
were subjected to great pressures, which crumpled and tilted
them, and produced many faults, fissures, and joint planes.

The fissures were filled solidly from below, and few shrinkage
geams were found sufficiently open for the passage of water
from above. The existence of the joint planes, especially in
the clay-slates, greatly facilitated the breaking and removal of
the rock.

As at first designed the tunnel was to start from a shaft 100
feet deep at Old Hurbor Point and be built in the clay for about
2,100 feet, when it would enter the rock and continue in it to
its end, at Squantum. Further consideration of the diffienlty
and possible danger of passing gradually from soft ground into
rock, and of tunnelling for several hundred feet wholly or
partly through very wet and loose material, led to loeating the
west shaft ut such a distance from the shore that rock could be
reashed af a practicable depth and the tunnel could be safely
built wholly within it,

The average elevation of the tunnel is 142 feet below low
water (Plaie XX., Fig. 1). The total length through which
the sewage flows is 7,160 feet. Of this distance 149 feet is in
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the west shaft, 6,088 feet is nearly horizontal between the west
and east shafis, and 923 feet is in the inclined portion leading
from the bottom of the east shaft to the end of the tunnel, on
Squantum Neck.

To facilitate construction there were three working shafts
about 3,000 feet apart.

The tunnel was huilt under a contract which was drawn with
great care. The contractor was first to build, in accordance
with plans furnished, three timber bulkheads, or piers, to pro-
tect the shafts. Tnside of these bulkheads he was to sink iron
cylinders, constituting the upper portions of the shafts. These
cylinders were paid for by the lincal foot, and the contractor
was permitted and required to build as much of the shafts as
possible in this way, loading and forcing the iron to the greatest
attainable depth. IBelow the eylinders the shafts could be ex-
cavated of any desired size and shape. The tunnel, also, could
he excavated of any size, provided that both it and the shafts
were finally lined with a 7} feet diameter circular shell of brick
work, 12 inches thick, backed with brick or concrete masonry
to the sides of the excavation.  Dricks and cement were to be
purchased from the city at stipulated prices, The completed
tunnel was to be paid for at the proposed price per lineal
foot.

Great stress was laid upon the precautions to be adopted to
prevent delay and damage arising from an influx of water into
the shafts. Appliances to conirol any such influx weve to be
Kept in readiness, and, should thesc prove insufficient, the
plenum’ process, or use of compressed air within the shafts,
wis to be resorted to.

The work was let Qct. 29, 1879, and the contractor at once
proceeded with the building of the bulkheads. These were
alike, and consisted (Fig. 2, Plate XX.) of wooden boxes 20
feet square inside, formed of large oak piles, driven two feet
on centres, capped and braced with huard-pine sticks, and tied
diagonally at the corners with 2-inch iron bolts. The boxes
were lined inside with 4-inch tongued and grooved sheet-piling,
and the spaces between the sheet planks and cylinders were
filled with puddled ¢lay. The tops of the bulkheads were cight
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feet above mean high water, and the contract price for them
was about $2,500 apicee.

Having completed the bulkheads the cylinders were sunk
inside of them. Each cylinder (Plate XX., Fig. 3) consisted
of a civealar shell of east-iron, 9.5 feet inside dimmeter, with 1§
inches thickness of metal.  They were cast in sections, five
feet long, and united by 1f-inch bolts passing through inside
flanges. The abutting ends of the scctions were faced, and the
bolt-holes, of which there were 30 in each flange, were drilled
to a templet, so that the sections were interchangealble.  The
bottom section of each cylinder had its lower 10 inches cham-
fered off to a cutting edge. The contract price for furnishing
the cylinders, which weighed a ton to the foot, was $88 per
“lincal foot.

At the east and widdle shafts the eylinders were casily
forced down to the rock, at depths below the surface of the
ground of 21 and 38 feet vespectively. It was known that it
would be impossible to drive the cylinder at the west shaft down
to the rock. By weighting it with about 180 tons of iron dross
it was finally torced into the clay to the depth of about 60 feet
helow the harbor bottom.  Below this point a square shaft, 10
feot across, was excavated with great ease in plastic clay, pene-
truted with occasional veins of fine sand, but yielding little
water (Plate XXI., Fig. 1). _

The timbering of this shaft was hastily and, as it scemed to
the lenginccrs, carelessly done, the timbers being insccurcly
braced, and cavities being continually lelt ‘outside of them.
The enginecr in charge consulted the City Lngineer as to the
possibility of requiring greater eaution in doing this work. It
was decided, however, that the spirit of the contraet would not
permit interference withsthe contractor’s method of building this
portion of the shaft. :

No difliculty was encountered until the rock was neared,.when
water, to the amount of 10,000 gallons an hour, broke in from
below, and, no provision having heen made for its removal, filled
the shaft.  Pumps were obtained and the shaft emptied, when
it was found that the water, following the cavities behind the
lining, had softened the clay and loosened the timbering, so that
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it was in very bad shape. ADout 40 feet in length of the shaft
had to be retimbered, the old slicks being cut out with chisels.

The work was not accomplished withont great difficulty.
Although the quantity of wuter to be dealt with was not great,
the cramped dimensions of the shaft afforded little room for
the pumps, or opportunity for supporting them. When these
gave out, as they occasionnlly did, the shaft filled with water,
causing considerable delay and damage. To counteract a
downward pressure exerted by the clay upon the timber lining,
a portion of it was suspended by heavy wire cables from the
cylintder above. During all these operations the whole shaft,
including timbered portion and cylinder, also the surrounding
¢lay and the bulkhead above, were in motion, settling slowly.
By the time the shaft had been firnly founded on the rock the
pile bulkhead had settled nearly five feet.

After the shafts had been sunk and securcd the excavation
for the tunnel proper encountered no seriouns obstacles. The
work was carried on at six diffcrent headings.  TFrom the mid-
dle and east shafts work progressed in both directions, and
from the west shaft and the upper end of the incline at Squan-
tum single headings were driven.

The incline descends one foot vertical in six feet horizontal.
At this point a heading was driven downwards for about 400
feet and then stopped, owing to the difficulty and expense of
removing the water which du,umu].ltod at its face. At the
middie shaft power-drills driven by compressed air were used,
and at other points hand drilling was employed.

There was not much difference as to ecither expense or rapid-
ity in the two methods. By either an advanee of four fecet was
considered a fair day’s work. The chief merit of the air-drills
scemed to be that they were not demoralized by pay-days, and
never struck for higher wages.

Various forms of nitro- «rl_} cerine were emplmcd as explo-
sives, and no casualty occurred through its use. The average
dinmeter of the exeavation (Plate XXI., Fig. 2) wasabout 10.2
feet, approximating very well to the 9.5 feet required to receive
the final brick lining. The excavated material, amounting to
about 25,000 yards in all, was deposited around the shufts,




76 MAIN DRAINAGE WORKS.

forming small islands.  The maximun amount of water leaking
into the tunnel at any time was 64,000 gallons an hour.

The headings between the east and middle shafts met Jan.
24, 1882, and those between the middle and west shafts met
June 22, 1882. Lining the excavation with brick-work began
March 10 of the same year. Projecting portions of rock were
first trimmed off, go that room for a #olid brick lining, 12 inches
thick, laid in courses, could always be cobiained. Rosendale
cement, mortar was used, composed of equal parts of cement and
sand. All spaces between the comrsed lining and the sides of
the rock excavation were solidly filled with masonry, principally
brick~work. The umount of backing thus required to make solid
work averaged about three-fourths of o yard per lineal foot. Fig.
5, Plate XX1I., is a scction of the tunnel at the point of maximum
size where the lairgest amount of bhacking was needed. In all,
7,416,000 bricks and 23,377 bharrels of cement were used in
building the tunmel.  About 12 lineal feet of tunnel could be
completely lined in 24 hours, at any one point.

In putting in the lining, iron pipes were built into the brick-
work (Plate XXI., Fig. 3) wherever necessary to furnish out-
lets for the water, which would otherwise have washed out the
mortar, Some of these pipes were afterwards plugged, hut
most of them were left open,  The pressure of the water when
kept from entering the tunnel was about 64 pounds per squure
inch, and it wuas not practicable to build brick masonry which
" should be wuter-tight under such a pressure.  When the tununet
is in use the pressure of the sewage within it is somewhat
areaier thun that of the water outside the lining, so that leak-
age would be outwards, except that the particles in the sewage
will quickly clog any fine holes in the musonry. '

Some experiments were made 1o determine to what extent
the porosity of the brick lining conld be desiroyed by silting
from without. An iron pipe extending up the east shaft was
connected at its lower end with the pipes built through the
brick-work, and water containing cluy, cement,.and fine sawdust
was torced outside the lining.

The finer portions of these materials came through holes und
cracks n the joints of the masonry. - Fine holes were thus filled
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and leukage through them prevented. Holes of apparent size
were calked with lead. By these means the leakage into the
inclined portion of the tunnel was rednced from 2,200 to 500
gallons an hour. It was not, however, considered practicable,
except ab considerable expense, thus materially to reduce the
leakage ; and, in view of its slight importance in respect to the
use of the tunnel, the attempt was given up. _

The west shatt was lined with brick-work. The middle shaft
was abandoned, its only purpose having been to fucilitate con-
struetion.  The arch of the tunnel where it passes under this
shaft was made three feet thick, and a counter arch, two feet
thick, was huilt over it to resist upper pressave, in case the
tunnel should ever be filled suddenly after having been pumped
out for any purpose. The shaft itself was not filled up, but
near its top an avch was built to prevent any heavy substance
ever fulling down it (Plate XXI., Fig. 4).

The east shaft was lined throughout. A large Cornish min-
ing pump has been purchased, and is to be set up at this shaft
as soon as certain legal complications affecting the city’s right
to the location shall have been settled. This pumnp will have
sufficient cupacity to empty the tunnel, including the leakage
into it, within 48 hours. It is to be set up as a precaution, as
it did not scem wise to leave any portion of the work entively
inaccessible.  Should the tunnel ever be pumped out at this
point it would first be filled with salt water, so that no possible
nuisance could be created by the operation.

A sump, or well-hole, seven feet deep, from which to pump, was
built under the east shatt (Plate XXI., Figs. 6 and 7). Pairs
of cast-iron beams were built into the lining from the bottom of
the shaft to its top. To these are bolted two sets of upright
iron guides. One set of these will hold in place the rising col-
umn of the pump, and the other set will serve for an elevator,
1o be used in visiting the pump and tununel.

It was thought that, should deposits oecur in the tunnel, they
might be removed by passing a ball, somewhat smaller in diame-
ter than the tunnel, through it. To guide this ball past the east
shaft, four wooden guides, suitably shaped, were built in place
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at that point. Appliances for handling such a ball were pro-
vided at the two ends of the tunnel.

The tunncl was practically finished July 25, 1883. Its com-
pletion required the removal of all elevators, pumps, pipes, ete.,
used in constructing it and the closing up with masonry of all
pump-wells, except the one before referred to, at the east shaft.
This work was attended with considerable anxiety, asthe pump-
ing capacity of the three shafts was but little more than was
necessary to control the leakage of water.

The finishing and removals were successfully accomplished
by systematic and careful management. The last shaft to be
cleared was the east shaft, and it was necessary to isolate it from
the rest of the tunnel by a timber bulkhead, behind which the
water entering the tunnel accumulated while the pumps and
their appurtenances were being removed. By the time the shaft
“was clear the tunnel was two-thivds full of water. The hulk-
head was so made and tastened in place that on tripping a catch
it fell apart into three pieces, which were hauled out by ropes
attached to them.

The contract price for the shafts, exclusive of iron, was $86,
and for the tunnel $48, per lineal foot.  The contractor lost
money, and after abont two years abandoned his contract,
alleging his inability to complete it for the prices therein stipu-
Iated. He offered to complete the tunnel for prices about one-
half greater than those before agreed upon. Considering that
he had the requisite plant on hand, and had acquired valuable
experience coucerning the character of the work and the best
methods of conducting it; and also considering that the bad
reputation which the tunnel would have, if abandoned, would
probably deter other bidders from making reasonable offers, —
it was thought for the best interests of the city to make a sccond
agreement with the sume contractor, which was accordingly
done. The final total cost of this section of work, including
iuspection and all incidental expensces, was $§658,480.97, amonnt-
ing to about $92 per lincal foot of tunnel.

The methods of alignment employed by the .engincers in
immediate charge of the .tunnel, while not entirely novel, may
be of sufficient interest to be mentioned. The west shaft was
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out of plumb, so that by drioppinfr plumb-lines a base only 5.7
feet fong conld be obtained, This by itself would have made accu-
rate .lhgmnents tedious. Moreover, cach shaft contained about
six lines of stenm, water, and exhaust pipes, besides guides for
its cage. As the shafts,were 160 feet deep, were dripping with
water, and had currents of air produced by hot-pipes and leak-
ages of steam, it would have been nccessary to protect plumb-
lines by tubes for the whole depth of the shafts. At the west
shaft it would have been Impracticable to use such tubes, as
they would have been directly in the way of the «age.

On account of the difficulty attending the use of plumb-hobs
the line was transferred below by means of a large transit
instrument sct up at the top of the shaft. The telescope,
having been set on line, was directed down the shaft, and a fine
string, extending about 100 feet into the tunnel, was ranged in
line. The string was illominated by light reflected from a
mirror placed beneath it. Communication between the engi-
neers at the top and at the bottom of the shaft was maintained
by the use of hand telephones.

At first the line within the tunmel wus produced by means of
instruments ; but, as the headings advanced, the ventilation be-
came so bad that at times a light distant only 75 feet could not
be scen. The Jine was then produced by stretching a stout
linen thread, about 600 feet long, and taking offsets to it. The .,
success attending these methoda of allgnment was very gratify-
ing, as the headings et without appreciable error.

Should a “high-level ” iutercepting sewer cver be huilt to
conduct o part of the city’s sewage, hy gravitation, to Moon
Island, it is expected that it will join the present system, on
Squantum Neck, at the further end of the tunnel.  To provide
for such a contingency the present outfall sewer is much
increased in size beyoud this point, being 11 X 12 feet in
dimensions,

The connection between the tunnel and the outfall sewer
beyond is made in an underground chamber (Fig. 1, Plate
XXIL)Y. From this chmnber, algo, branches a short section of
sewer with which to connect the future *high-level” system,
should it ever be built, The chamber is cove 1‘ed by a substan-

.
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tial brick building, and a flight of stone steps leads to a land-
ing in the sewer below.  The floor of the building is supported
on iron beams, and can be taken up so that boats can be low-
cred into the sewer, and a flushing-bull can be taken out. To
facilitate these operations the roof was made exceptionally
strong, and from it was hung an iron track supporting a traveller
and blocks capable of lifting five tons,

As far as the easterly shore of Squantum Neckethe outfall
sewer (Figs. 4, 6, and 7, Plate XXII.) was built partly in rock
excavation and partly in embankment. In the latter case the
sewer is tied through its arch by 1§-inch iron rods, 8 feet apart.
These are designed to prevent the possibility of distortion, due
to movements of the bank below the sewer, or on the side of it.
The ties will, doubtless, rust out in time, but not before the
need of them is over.

From Squantum to Moon Island an embankment (Plate
XXIIL., Fig. 5) was built, It is a mile long, from 20 to 30
fect high, 20 feet wide on top, and about 120 feet at its base.
Up to the established sewer grade the embankment was chiefly
built of dredged gravel, and, above that height, of material ob-
tained in exeavating for the reservoir on Moon Island. Up to
six feet above high water the slopes ure protected by ballast and
riprap. Inall, about 141,000 yards of dredged gravel, 260,000
yards of other earth, 20,000 yards of ballast, and 54,000 tons

of riprap were used in building the embunkment.

" About 4,100 feet in length of the site of the embankment
consisted of beds of mud, from 10 to 40 feet deep. It was
hoped that the filling would displace this mud and reach hard
bottom. It did so at a few points, but not as & rule.  Asan
experiment an attempt was made to assist this action by explod-
ing dynamite cartridges under the embankment. No results of
importance were thus obtained; but the experiment demon-
strated the resistance of the mud to displacement and the prob-
able future stabiiity of the embanknient.

Broad plates, with vertical iron rods fastened to them, were
placed near the bottom of the bank on its centre line, and the
amount of setflement as filling progressed was noticed. After
the bank was completed slight settlements still continued. 1t
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was, therefore, tlmught more prudent to postpone building ¢
masonry structure for some years, or until there was assurance
that the bank had assunied a condition of permanent stability.

For temporary use, therefore, a wooden flume (Fig. 2, Plato
XXII.) was substituted for the masonry sewer at this point.
The flume is loeated outside of the ecmbankment, and 200 feet
south of it, Tt is supported on piles, in hents ten feet apart,
gencrally with three piles to the bent. In all, about 1,300 piles
were driven, some-of them to a depth of 40 feet.

The flume proper consists of a wooden box, six fect square.
Its sides, top, and bottom are formed of Canadian white pine,
three inches thick, planed all over. The planks, except a
single filling in course on each side, are all of even width, so
as to allow hreaking joint. They are grooved on each edge,
and also on their ends (Fig. 3), for 1} x $-inch tongues.
The box is surrounded, af intervals of three feet four inches, by
square frames of spruce timber, mortised together and tightened
with bolts and wedges. '

The pine and spruce were fitted at the mills, so as to go to-
gether with the least possible further fitting. As much as 250
feet in length was assembled and spiked in a single day. After
completion the whole was given two coats of cheap paint.  The
total cost of the flume was a little under $10 per lineal foot.

From the further end of the flume the outfall sewer (Fig.
() extends up toand in front of the storage reservoir,
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CHAPTER IX.
RESERVOIR AND OUTLET.

Moon IsLaxD is distant about a mile from the main land. 16
comprises about 36 acres of upland, surrounded by about 145
acres of beaches and flats.  The casterly end of the island rises
to an clevation about 100 feet above tide-water.  On the west-

ern or landward side is another smaltler area of vising ground,
~about 45 feet high. Detween these two portions of high land
was a valley, crossing the island from north to south, whose
central portion was but a few feet above the Jevel of high water.
In this comparatively low land the reservoir is situnted.

Piates XXI1II. and XXIV. give views of the reservoir and
its surroundings, reproduced from photographs. The former
was taken from the high part of the island just east of the res-
crvoir, It shows the embankment between Moon Island and
Squantum, and also the flume, parallel to and south of the
cmbankment.  Near the centre of the plate the pumping-station
can be dimly discerned, although partly hidden by a clump of
trees on Thompson’s Island. Plate XXIV. gives a nearer
view of the reservoir, looking castward. It shows one basin
partly filled with sewage,

The reservoir, as at present bailt, covers an arvea of about
five ucres. It is expected that in the future, when the amouut of
sewage to be stored shall have inereased, it will be necessary to
extend and cnlarge the reservoir to about double its present
capacity.  The portion already built is so located and avranged
that the contemplated extension can readily be made on the-
south side of the present structuve.

The site for the reservoir was prepared wholly by excavating.
On the centre line of the valley this excavation was about ten
feet deep, while on the cast and west sides the cutting in places
was forty feet deep. A drive-way surrounds the reservoir, and
the banks ave sloped back from it. The excavated material
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was chiefly hard clay; but a bed of gravel and sand was found’
near the centre of the valley, which, in places, went 20 feet
below the reservoir bottom. Part of the reservoir, therefore,
is founded on ¢lay, and another smaller part on sand and gravel.

The earth was dug by steam-exeavators, and was carried
away in cars by locomotives. Tt was used for building the
upper portion of the embankment between the island and main
land. = As more carth was neceded for this purpose than could
he supplied from the reservoir excavation a further quantity
was horrowed from the island in such places and to such lines
and grades as partly to prepare the site for the proposed future
extension of the reservoir.  In all, about 283,000 cubic yards
of material were taken from the istind, and the contractor’s
price for digging and disposing of it averaged about 59 cents
per yavd. ) :

The retaining-walls of the reservoir (Fig, 2, Pl. XXVIL.) are
17.5 feet high, and from 6 feet 10 inches to 7 feet 10 inches
thick at the base. They are classed as rubble-stone masonry
Jaid in mortar, and are built of split and quarry stone mostly
brouglht from granite quarries in Maine. .On top of the walls-
are large coping-stones with pointed surfaces. The rubble
stones were laid in somewhat uneven courses.  The reservoir is
divided into four hasins, of nearly cqual area by three division
walls (Fig. 3), built of the same class of masonry as that
forming the retaining-walls. TRosendale cement mortar, made
with one part of cement to two of sund, was used in building
rubble-stone masonry. The contractor’s price for this class of
masonry was $7.47 per cubie yard.

The floor of the reservoir consists of a bed of concrete, nine
inches thick (Fig. 6, Plate XXV.). The lower five inches was
made with Rosendale cement, sand, and pebbles, in the propor-
tion of one, two, and five parts of each respectively. In the
upper four inches of concrete Portland cement was substituted
for Rosendale.  The floor of each basin was shaped into alter-
nate ridges and gutters. The gutters are puved with bricks.
set on cdge.

Considering the distance of Moon Island from habitations,
it did not seem that any just canse for complaint would be
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oceasioned if the reservoir were left uncovered, and, therefore,
no roof was buift overit. But, to provide forany future contin-
gency which might require it to be covered, foundation blocks
were built into the floor, on which plers to support a roof can
hereafter be huilt, if nceded. These foundation blocks are
spaced 20 feet apart in one direction, and 30 feet in the other,
and consist of granite stones 3 feet square and 18 inches thick.
They are rough pointed on top and are bedded in concrete.
The_y cost, laid, $7.25 each. )

The reservoir was divided into four distinet basins, in order
that one or more of them might be kept empty for cleaning, or
some similar purpose, while the others were in use. Under
such conditions, however, there might he danger that water
from a full basin would find its way down through the thin
sheet of conercte under it, and, passing below the division wall,
wounld blow up the floor of an adjucent empty basin,  This
would be especially apt to oceur where the hasins and walls ave
underlaid by the previous bed of gravel before referred to.

To diminish the liability to such a catastrophe, heneath all
walls, not founded on clay, was driven a solid wull of tongued
and grooved 4-inch shect-piling.  This protection penetrated
the gravel stratum and entered the clay below it.  As an addi-
tional precaution at such places a line of 10-inch drain-pipe
wag laid just below the floor on each side of the division wall.
These drains were connected with others surrounding the
reservoir ontside of the retaining-walls. The drains within
the reservoir also have 10-inch safety-valves opening into the
basins. The drainspipes were Ilaid with open joints, and were
surrounded, below the conerete, with dry-laid hallast and peb-
bles.  Water accumulating beneath the floor of any basin has
frec nccess to the drain under that basin.  Should any water
find its way under a division wall it is immediately intercepted
by the line of pipe just heyond the wall.  Should a drain under
an empty basin become gorged for any reason, the water is
discharged into the basin, through the safety-valve, hefore suffi-
cient head has aceumulated to endanger the concrete.

The northerly 100 feet of each division wall, being the end
nearest to the discharge sewers, is made hollow, and 1.75 feet
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lower than the rest of the reservoir walls (Plate XXV, Fig.
4). Long chambers are thus forimed, open on top, but other-
wise enclosed within the walls. These chambers connect di-
rectly with the discharge-sewers, and through them with the
harbor.  These portions of the division thl:, serve as waste
wiers, by which the sewage in the basins can overtlow, if, ow ing
to vegligence on the part of the employés, the gutes whlcll
empty auy basin should not be opencd before Lhe basin be-
comes too full.

The arrangements by which the sewage is turned from the
outfull sewer into the reservoir and is again permitted to empty,
through the discharge sewers, into the harhor, will he under-
stood from an examination of Fig. I, Plate XXV., which is a
transverse section of suid sewers. The upper sewer in the Hg-
ure is a continuation of the outfall sewer, and extends along the
whole front of the reservoir.  Tmmediately Delow it are the «is-
charge sewers, which also extend along the front of the reser-
voir, and, ulso, about 600 feet heyond it out into the sea.

In the side of the outfall sewer are 20 3 x 4 feet, cut-stone
gate openings,  Only cight of these ave at present provided with
gates, the others being bricked up until an incereased amount of
sewage and an extension of the reservoir shall require their use.
In the side of the discharge sewer nearvest the reservoir are also
20 gate openings, of which 12 are provided with gates. The
two discharge sewers are counected divectly by 11 large frans-
verse pussages., The amount of masonry contained in and
surrounding the sewers equals that contained in all of the res-
ervoir walls.

Between the sewers and the reservoirs is what is called the
six-foot gallery. This serves as a protection for the gates
against frost and as a foundation for a gate-house above. The
hollow division-walls between the basins extend across the gal-
lery and divide it into four sections, corresponding wnh the
four basins of the reservoir. DBrick brace-walls, about 10.5
feet apart, are thrown across from the sewers to the reservoir
wall.

The 20 gates, with their franes and scats, are made of cast-
iron.  The frames were cast in one piece and closely fitted to
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the openings prepared in the masonry. They areseccured to the
stone by Z-inch anchor-bolts, let in 4} inches and fastened with
brimstone. The seat of cach gate is a separate piece of cast-
iron, planed % inch thick, fastened to its frame with serew
rivets, and seraped true and straight.  Tastened to cach side of
the frame is n guide, which holds the valve in its proper posi-
tion while moving. The face of the valve is planed and seraped
to fit the facing of the frames, so that there shall be no leak-
age. The valve is pressed tight to its seat by means of adjust-
able gibs, which bear against inclined planes, cust on the
guides.

The gates arc made by lifting-rods and screws, connected
with suituble brackets, gearving, and clutches, above the floor
of the gate-house (Plate XXV, Fig. 2). A main linc of shafi-
ing, from 2} to 3% inches in diameter, extends the whole length
of the gute-house, or about 5375 feet. The clutches for each
gate are thrown in and out by a hand lever, and also by the
gate itself when it reaches either end of its course. The 20
gates, with all their appurtenances and the gearing and shafting
for operating them, cost, in place, about $12,000.

To furnish power both a steam-engine and a turbine wheel
are provided. The latter, which is most commonly used, is
21 inches in diameter, and is placed in a well near the norib-
casterly corner of the reservoir. Tt takes water cither from
the reservoir or from the outfall sewer, and drains into the dis-
charge sewers.  Under ovdinary cireumstances it furnishes
without expense ample power for moving the gates, running
pumps, and other necessury operations, and requires no atten-
tion beyond opening and shutting the gates leading to it.

The engine, whichis seldom used, is of 30 horse-power. To
furnish steam for it and also for heating in winter there are two
upright tubular boilers.  The machinery and gutes are pro-
tected by sunitable brick buildings, designed and built by the
engineers. The principal one of these, ealled the Long Gate-
House, extends for 575 feet along the front of the reservoir,
Counecting with it, at the north-easterly corner of the reservoir,
is another larger building, containing engine, boiler, and coal
rooms. A chimney, 40 feet high, is also built. :
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The sewage flows through the gates in the outfall sewer
into the sn-fect gallery, whence it passes through openings ip
the reservoir wall into the reservoir. There it accumnlates
during the Iatter part of ebb-tide and the whole of the flood-
tide. Shortly after the turn of the tide the lower gates are
opened, and the sewage flows from the reservoir, tlnuuah thc
gallery, into the dlbLhdlgO sewers, which conduct it to the out-
let. '

That portion of the discharge sewers beyond the reservoir

alled the Outlet-Sewer Scetion, and was built under a
separate contract. There are two sewers of brick and concrete
masonry (Fig. 1, Plate XXVI.}, cnch 10 feet 10 inches high,
by 12 feet wide inside. They extend from the reservoir about
600 feet out into the sea, where there is five feet depth of water
at low tide. The bottoms of the sewers are 1.5 feet nbove the
elevation of low water. The urches, 12 inches thick, were laid
with Rosendale cement mortar, and the inverts and sides with
“Portland cement mortar. Tn the top of cach sewer are built
three large vent holes, to relieve the arch from any pressure of
air due to a succession of waves entering the sewers.

The immediate outlet consists of a cut granite pier-head laid
in mortar. Tn this arc chambers containing grooves for gates
and stop-planks.  The stones forming the pier-head are quite
lavge, in order to withstand waves and ice. Several of them
weighed about eight tons each.  Most of the horizontal joints
are dowclled, and the vertical -joints of the coping-stones are
secured by gun-metal cramps,

The sewers are covered by an earth embankment, with its
side slopes protected by ballast and viprap.  This embankment
constitutes a pier extending into the harbor, and its top is
ballasted and surfaced for a roadway. Near the end of the pier
is n strong wharf, about 40 fect square, supported by oak piles.
This is uscd for landing coul and other supplies.

To facilitate construction on this section the site of the wor 1(
was enclosed by building about 1,100 feet of coffer-dun around
it. The dam consisted of two rows of spruce piles, ten feet apart,
the piles in each row being spaced six feet on centres. Inside
the piles were rows of 4-inch tongued and grooved sheet piling.



88 MAIN DRAINAGE WORKS.

The dum was tied across with iron bolts and was filled with
earth.  When pumped out it proved to be very tight, and en-
abled the work inside it to proceed without interruption. After
the sewers were built and covered, the dam whs cut down below
the surface of the embankment slopes. The total cost of this
outlet section was $96,250.

The top of the reservoir loor is about one foot helow the eleva-
tion of high water. The paved gutters ure a little lower, and in-
cline nearly 4 foot from the back of the reservoir to its front, This
insures there being a good current in them when the reservoirs
are nearly emptied, so that the light deposit of sludge which has
heen precipitated upon the bottom of the reservoir is mostly
washed into the discharge sewers. ‘

To assist in cleansing the basins a system of pipes and hy-
drants furnishing salt water under pressure is provided. The
water is drawn from the sea to o pump in the engine-house,
which forces it about the reservoir. A 4-inch pipe, with
double hydrants, about 75 feet apart, is laid through the
middle of each basin. A line of hose cun be connected with
any hydrant, and a fire-stream directed against any part of the
floor or side walls, The pump can alse br¢ used to pump sewage
with which to irrigate the banks and grounds surrounding the
reservoir.

To obtain fresh water for domestic purposes, and for the
Loilers, the high portion of the island has been encircled with
ditches which collect rain-water and conduet it to a cistern
holding 75,000 gullons.

Within the gate-house is provided an automatic recording
gauvge, moved by clock-work, and connected with floats in the
sewers. The records traced by this machine farnish a perfect
check on the vigilance of the cmployés. Each day’s record
shows, by inspection, the hours at which the gates were opened
and closed, and the height of tide.

The total expenditure by the city on account of Main Drain-
age Works, from the beginning of the preliminary survey, 1876,
to the present time, is about $5,215,000.
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CHAPTER X.
DETAILS OF ENGINEERING AND CONSTRUCTION,

Anout one-half of the work required to complete the Main
Drainage System was done by contract, and the rest by day’s
Iabor, under superintendents appointed by the city. The genceral
" rule by which it was decided whether any given section of work
should be huilt by contract, or not, was this: it the work was of
such a nature that its extent and character could be determined
in advance, so that full and explicit specifications for it could he
drawn, it wus let out by contract to the lowest responsible bid-
der. If, on the other hand, all of the conditions liable to aflect
the work could not be ascertained, so that it was anticipated
that modifications in the proposed methods of construction might
prove necessary or desirable, the work was done by day’s labor,

Thuas, wherever in suburban or thinly populated districts the
charneter of the carth to be excuvated wus supposed fo be of
uniform quality, most of the sewers there located were built
by contract. Those located in crowded thoroughfares, where it
was necessary to interfere us little as possible with the use of
the street, and those in places where there was lability of en-
countering deep beds of mud, old walls, wharves, and other
obstacles, were built by day’s labor. )

There was little difference in the quality of the work obtained
by these different methods of construction.  The contract work
was built under more fuvorable conditions, and as a whole 1s
somewhat stuperior to the other. It also, as a rule, cost much
less. Several reasons can be given for this fuct, The physical
conditions were generally more favornble. Low prices were
obtuined through competitive bids. Most of the contraciors
made no profit; some even lost money. The contract work
was largely done during the first few years of constraction,
when all prices were lower; while the bulk of the work
done by day’s labor was built liter, when prices for labor and
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materials had risen. The wages paid city laborers were fixed
by the City Council, and were always higher than the market
rates. At times the city superintendents were not untrammelled
in respect to hiring and discharging their employés.

Sixteen sections of sewer were let by contract. Tn two
cases the contractors failed, and the sections were relet. In
four other cases the contractors abandened their work, which
was completed by the city, by day’s labor. In connection with
the Main Drainage system about 50 more contracts were made
for materials and machinery, and for construction and work
other than sewer building. These contracts were drawn by the
engineers.

Tn preparing a contract for building a sewer the object kept
in view was to describe only the general character of the work,
and to leave for further decisions, as coustruction progressed,
the exact shape, methods of construction, and mmounts and
kinds of materials to be used. That this might be done with-
out unfairness to the contractor the precise charvacter (but not
the amount) of every kind of work and material, which might
be called for, was specified, and a price was agrecd on for cach,
Should anything not specified be called for, the contractor
agreed to furnish it at its actual cost to him, plus 13 per cent.
of snid cost.

This is 1 convenient form of contract, becausc it permits the
engineer to modify his methods of construction whenever ex-
perience shows that a change is desirable.  One kind of mate-
rinl can be substituted for another; cradles, side-walls, and
piling can be added or disearded.  Rather more opportunities
for contention are afforded by this form of contract than by a
simpler one ;. but, on the whole, it wus considered the best for
our purposes.

Contract work was carefully watched, an inspector being
continually on the ground. Great care was taken to seleet
suitable men for such positions. They were all experienced
masons, and were paid $4.00 or more o day.

A daily force nccount was always kept, both of work done
by the city and that buil¢ by contract.  This recorded the number
of hours’ lubor of every class and the amount of material which
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entered into each part of the work, so that its cost could be
ascertained.  On contract work this record proved very useful,
because it furnished conclusive evidence in any case of disa-
greement as to guantities or cost.

All materials were carefully inspected for quality. Especial
care was excrcised in inspecting bricks and eement.  About
50,000,000 of the former and 180,000 casks of the Iatter
material were used in building the works. Tt was required that
the bricks should be uniform in size, regular in shape, tough,
-and burned very hard entirely through. Bricks with hlack
ends were not excluded it otherwise, suitable. No machine-
made bricks were accepted, as they were usually found to have
a laminated structure. A moderate proportion of hats was
allowed, but only in the outer ring of the covering arch. From
the accepted bricks the most regular were culled out for inside
work., Bricks from different Jocalitics varied considerably in
size, and this fact, so often disregarded, was taken into account
in making purchases for the city. For instance, 1,175 Bangor
bricks were required to build as moech masonry as could be
built with 1,000 Somerville bricks.

A requirement that no bricks should be used which would
absorb more than 16 per cent., in volume, of water, nlthough
not nlways enforeed, ‘was occasionully found useful, because it
permitted the rejection of bricks made of light, sandy stock,
which were, however, perfectly hard and shapely. The fol-
lowing was the method employed in testing for porosity : The
hrick to be tested was first dried thoroughly by artificial heat,
and then weighed. Next it was put in a pan containing one-half
inch of water and ailowed to soak for 24 hours, the pan being
gradually filled, by adding water from time to time until the
brick was covered.  When thoroughly soaked it was again
weighed, both in water and in air.  The difference between the
weights dry and soaked, in air, was the weight of water ab-
sorbed, and the difference hetween the weights of the soaked
brick, in air and in water, was the loss of weight in water, e,
the weight of a bulk of water equal to that of the hrick;
then _The weight of water abtorbed yyyg {1 proportion, in velumne, of

‘The Juss of weight In water

water absorbed by the byick.
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Natural “Rosendale ” cement was chicfly used on the work,
but nhout 26,000 Larrels of Portland cement and a little Rowan
cement were also used.  Portland cement mortar was often used
" in building the inverts of sewers and, in general, where there
was liability to abrasion or where especial strength was necded.
It was often mixed with Rosendale cement, in order to muke
a somewhat stronger mortar.  Very quick-setting Roman
cement wus used for stopping leaks, and was also mixed with
other cements for wet work, because it would set at once and
keep the mortar from being washed down before the stronger
cements had hardened, . :

In Appendix A are given a full acconnt of the methods cm-
ployed for testing cement, and also the results derived from
the tests made for experimental purposes. One advantage
resulting from the careful and systematic testing was that manu-
fucturers and dealers were themselves carefiil to offer or send
no cement but that which they felt confident would be accepted.
During the first year or two much of the cenient offered was
rejected, but later very little of it proved unacceptable. In
making contracts for cement a standard of strength and fineness
was seldom given. It was simply stipulated that the cement
should De, in every respect, satisfactory to the engineer, and,
if not satisfactory, should be rejected.

In ¢ne contract, however, for 5,000 barrels of Portland ce-
ment, a certain fineness and strength were required. As some
of the specifications of this contract are believed to be novel and
practically useful, they are here cited : —

Fineness. The cement to be very fine ground, so that not over fifteen
(15) per vent. of it will be retained by @ certain sieve duposited in the oflice
of the City Engineer of Boston, said sieve having 14,400 meshes to the
square inch. .

Strength. The cement when ganged with three parts by measure of
sand, 10 one part of cement; formed into briquettfes having n breaking wrea
of 24 square inches; kept 28 days in water and broken from the water, to
have a tensile strength of [50 1bs. per square inch.

Price. We agree to receive as full payment for the satisfactory delivery
of said cement, subjoct to its fulfilment of the foregoing requirements, ag
determined by the City Engincer of Boston, the sum of three dollars ($3.00)
per cask delivered and aceepted.

We further agree, that, shall the cementy or any portion thereof, fail to
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carried on a platform "at the front end of the frame. From
the top of the frame were suspended iron tracks, on which were
travellers, moved backwards and forwards by wire ropes lead-
ing to the engine.” A number of tubs, loaded by the diggers in
front, werc hoisted simultaneously by the engine, and run back
to be dumped over the completed sewer. They were then
returned and lowered to the points whence they had been
taken, by which time a second set of tubs had been filled ready
for hoisting.

Any surplus earth was dumped through a hopper into carts
which were backed under the machine. When it was neces-
sary to furnish a passage across the work the trench was bridged,
and the frame trussed. When one section of excavation was
completed the whole apparatus, which rested on wheels, was
pulled forward 30 or more feet by its own engine. The aver-
age total length of one apparatus was 200 ﬁ,et, and its total
weight about 10 tons.

Sewcl-l)mldmﬂ, done by the city, was frequently carried on
through the winter months.  Contractors, on the other hand,
were not allowed to lay masonry- between November 15 and
April 15.  The temperature at the bottom of a deep trench was
always considerably higher than that at the surfuce of the ground ;
so that it was only when the mercury was at ten or more de-
grees (F.) below the freezing-point that work was suspended.
Much extra preeautionary work was needed. Bricks were
steamed in a close box before using; sand and water were
wirmed, and completed work was protected by coverings of
straw or sea-weed.  Winter work was not economical, and was
resorted to chiefly for the purpose of employing lLllorcrq, who
otherwise might have been idle.

]]‘\penume is probably a better guide to designing stable
sewers than are theories concerning lines of pressures and geo-
static arches.  The physical conditions which determine the
direction and amount of the earth pressures are seldom the same
in the case of any two sewers. They differ at different points
about the sume sewer, and often are not alike on hoth sides of
one sewer. The best that can be done is to judge as well as
possible of the character of the ground to be penectrated, and
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it would remain permavently in place, \\’Ji)cl‘(; the carth un-
derlying the street was of a peaty nature it,ivould be rendered
spongy and compressible by its water drzlini#\g outinto the open
trench during construction. Then the whole street surface,
including sidewalks and sometimes even adjacent yards, would
settle out of shape and need repairing.

Another source of expense and trouble was the breaking of
house-drains where they passed across the sewer trench, due to
the settlement of the backfilling.: The intercepting sewers
were frequently, indeed generally, built in  streets which
already contained a comwon sewer. The house-drains from
one side of the street crossed the trench of the intercepting
sewer.  These drains were maintained, or replaced, as securely
as possible, hut many of them were afterwards broken. These
were generally found to be sheared off on the line of the sides
of the excavation, and the portion within the trench sunk bodily,
half a foot or so, helow the rest,

As a rule the streets in which sewers were built were kept
open for traflie.  When the trench was in the middle of the
strect, passage-ways for vehicles were maintained on both sides
of it, even when the width between sidewalk curbs was only 26
foet.,  This was nceomplished by the use of an apparatus for ex-
cavating and backfilling, mvented by the superintendent, Mr,
H. A. Carson, and afterwards patented by hine. Varvious merits
are claimed for it, but the chief advantage in its use at Boston
was, that by it sewers eould be built with very little encronch-
nent on the surface of the street.  Views of the apparatus are
given on Plate XXVII.  Although a patented article, a hrief
description of it seems proper, sinee it was used iu building
more than one-half of the intercepting sewers.,

In its gencral features the apparatus consisted of a light
frame structure, extending longitudinally over the sewer trench
from a point in advance of where excavation had begun to
another behind where ihe trench was completely backfilled.
All operations, therefore, were earried on beneath the machine.
Excavation proceeded under the forward portion of the frame,
the sewer was built under the central portion, and backfilling
progressed near the rear. A double-drum hoisting-engine was
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aud oak treenails, possesszed considerable elasticity, and could
settle slightly in places, or assume an undulating form, without
breaking, .

Theretore, under conditions such as those just mentioned,
the use of wood to form the shell of a sewer was ofien resorted
to. There were disadvantages attending this mode of con-
struction.  The elasticity which permitted the sewer to bend
longitudinally without breaking, also made it tend to yield trans-
versely, sinking ot the crown and bulging at the sides, when-
ever the earth outside was at all compressible. It wus not easy
to prevent the wooden sheli from leaking badly, especially at
the end joints,  All wooden sewers had to be lined with brick-
work, or concrete, to make them smooth and tight ; but putting
such lining inside of a leaky sewer is a somewhat tedious and
difficult operation,

The tops of most of the intercepling sewers are several feet
below the level at which ground water stands in the earth about
them.  Great pains were taken to insure every joint being
thoroughly filled with mortar, and the arches were always plas-
tered outside with a half-inch coating of cement mortar. By
guch means the greater part of the gystem was made perfectly
tight and dry.  In places, however, especially where there were
slight scttlements and cracks, a considerable amount of leakage
ocemrred.  All leaky joints were ealked as well as possible.
Various materiuls were used for this purpose.  Among them
were neat cement; cement mixed with” grense or with clay ;
onkum ; dry pine wedges, and sheet lead. By one or severnl of
hese methods the leakage could either be entively stopped ov
reduced to an insignificant amount.

A considerable item in the total cost of building the inter-
cepting system was the expense incurred in repairs to street
surfaces and paving, over the sewers. The trenches were so
large and deep that the backfilling, often of a peaty consist-
eucy, could not be sufliciently compacied by ramming or pud-
dling, but continued to settle for a year or more after the
sewer was butlt,  As it was necessury to keep the surface in a
sufe and reasonably smooth condition the portion over the
trench was sometimes repaved three, or even more, times before
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fulfi! the above-mentioned requircrent as to fineness, but shall nevertheless
be accepted by the city, we will receive as full payment for said cement, or
said portion thereof, n sum to be determined by the City Engineer, by
deducting from the full price, of three dollars ($3.00) per cask, the sum
of two cents (80.2) per cask for cach per cent. greater than 15 per cent.
that is retained by the sieve before mentioned.

Contractors were required to use only clenn, sharp, coarse
sand for making mortar.  On city work, if clean sand was not
conveniently accessible, a moderately dusty or dirty sand was
considered almost as good, and quite good enough. So, also,
in making concrete, contractors were obliged to use screencd
sand and stone ; but a city superintendent might mix his cement
divectly with the gravel dug from the bank, if it was more con-
venient and cheaper to do su. . Comparative tesis of concrete
made by these different methods failed to distingaish any supe-
riority in one over the other.

The city sewers were so low that the intercepting sewers,
which had to he lower still, required unusually deep trenches.
The average depth of cut for the whole system was morve than
21 feet. The bottom of these trenches was gencrally several
feet below the elevation of low tide. As the new sewers fol-
lowed the margins of the city near the sea, tide-water-frequently
found access to the frenches, so that construction could only
proceed during a few hours at about the time of low tide, when
the leakage of water could be controlled.  Sometimes the trench
could not be kept entirély free from water.  Many of the strects
traversed by the sewers were underlaid by beds of mud. Gen-
erally the mud was not so deep but that an unyielding founda-
tion could be secured by driving piles throngh the mud down
into the hard ground heneath,  Sometimes, however, the mud
was 50 deep that hard hottom could not be reached by piling.

It was under such conditions that the use of wood to form
the whole, or the lower part, of the sewer was resorted to.
Wood was no cheaper in itself than masonry; but a wooden
sewer could be built very much more rapidly than a brick one,
and could be built by unskilled lahorers.  Also, 1 wooden
invert could be fastened in place, if necessary, under a foot or
two of water. Moreover, o wooden sewer, fastened by spikes
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begin to build such a sewer as has proved stable under similar
conditions.  The sewer should then be examined cmefully,
during and after ]0.1d1n0' for signs of weakness.

~ In th(, case of the main dmnmgc gewers such examinations
were made graphically, by taking diagrams of their inside
shape. These diasgrams were taken by the aid of n machine
shown on Plate XXVII. Tt consisted of a light frame, which
could be so fixed against the masonry that its centre should be
in the axis of the sewer. A movable arm was then rotated
radizlly from the centre, with its outer end bearing lightly
against the inside perimeter of the sewer. At the centre of the
machine was a disk, on which was placed a sheet of paper. A
pencil point, attached to the rotating arm, traced upon the
paper a diagram, showing the shape of the sewer and its varia-
tion, if any, from the ebtlbllsh(}d form.

The shape and amount of any distortion suo‘O‘ested the cause
which produaced it, and the remedy to be applmd. The most
common causes were too carly removal of centres; too rapid
or uncqual loading ; the use of improper material for backfilling
about the sewer; insufficient ramming of hackfilling agniunst Lhe
haunches ; with drawing sheetplanks after b m[\ﬁlhuo* ; inherent
weakness in the design of the sewer. Such errors could be
corrected and.the design of the structure could be modified
until the dingrams taken from' the scwer were found to corre-
spond with its proper shape. :

The Main Drainage System is so arranged that any principal
portion of it can*be isolated and emptied for inspection and re-
pair. Any intercepting sewer can be thus izolated by closing
the penstock gate at its lower end, and also the 1n]et-v¢1!ves,
connecting it with the common sewers, the latter then discharg-
ing at their old outlets. By closing the gates at the ends of all
intercepting sewers the main sewer can be emptied. Wher-
ever un opportunity for isolating a small porfion of the works
might prove desiruble, but the use of iron gates for such pur-
pose would have entailed unwarranted expense, as a cheaper
substitute, grooves of iron or stone were built into the masonry
for stop-planks. Such grooves for stop-planks were always
built above any iron gates, to afford a means of access in case
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of needed repairs. Where slight leakage could be afforded, a
single poir of grooves was considered sufficient.  Where a
tight dam was desirable, a double sct of grooves was provided,
s0 that a double set of stop-planks, with an inside packing of
clay, could be used. Some hundreds of stop-planks, of differ-
ent lengths, are kept in readiness. Their form is shown on
Plate XXVIIL. They are made of hard-pine planks, from three
to five inches thick, planed and oiled.

The connections between the common sewers and the inter-
cepting sewers were usually made during the construction of
the latter. The valves of the inlet-pipes, built into the common
sewers, were clogsed and made tight by a little cement around
their edges. By raising these valves the connection between
the old and new system could at any time be established.
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CIIAPTER XI.
WORKING OF THE NEW SYSTEM.

Jaxuary 1, 1884, the connections between the common and
intercepting sewers were first opened. Pumping began at the
same time, and the sewage was sent to the reservoir at Moon
Island, and thence discharged into the Outer Harbor. Conuee-
tion with about one-half of the common sewers was made on
that day, and most of the others were connected within a month
thereafter ; so that by February, 1884, nearly all of the city
sewage was diverted from the old outlets. The upper portion
of the West Side intercepting sewer, in Lowell and Causcway
Streets, was built in 1884, The common sewers, tributary to
it, were intercepted as construction progressed. A common
sewer draining a portion of Dorchester, intercepted by the main
sewer at East Chester Park just east of the N.X. & N.E.
Railroad, was not connected until early in 1385,

Although the whole intercepting system, thercfore, was not
entirely completed until the present year, yct the greater part
of it has been in operation for fifteen months, — a long enough
period to afford a fuir indication of its practical working, and of
the resulss which will be derived from it.

As elsewhere stated the Main Drainage Works were designed
and huilt to correct two principal evils inherent in the old system
of sewerage. These were: — _

First. The damming up of the common sewers by the tide,
by which, for much of the time, they were converted into stag-
nant cesspools, and the air in them was compressed, and to find
outlets was driven into house-drains and other openings.

Second. 'The discharge of the sewage on the shores of the
city in the immediate vicinity of population, thereby causing
nuisances at many points. '

The first of these evils has been entirely corrected by the new
system. The old sewers now have a continual flow in them,
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independent of the stage of the tide, as has heen ascertained by
frequent observations, and also from the testimony of drain-lay-
ers, who formerly were only able to enter house-pipes into the
sewers when the latter were empty at low tide, but now can
make such connections at any time, '

' The new system has also substantially remedied the second
evil. From the moment that any of the city sewers was con-
nected with an intercepting sewer, the sewage which had before
discharged on the shore of the city was diverted, and, bas since
been conveyed to Moon Island and emptied into the Quter Har-
bor at that point.

At is true that about twenty-four times during the past year,
or an average of twice a month, during rain-storms and freshets,
the amount of water flowing in the sewers has exceeded ‘the
capacity of the pumps. At such times the excess has been dis-
charged at the old sewer outlets.  But this occasional and tem-
porary discharge of very dilute sewage doecs not seem to have
occasioned uny nuisance. Examinations and inquiries concern-
ing the condition of the shores and docks at the sewer outlets
have shown that water, once continually foul, has become pure,
bad odors have ceased, and fish have returned to places where
nonc had been seen for years. The stenches, referred to by the
City Board of Health (p. 13), which formerly, at times, were
prevalent over the city, were not noticed during the past year.

The attempt to relieve certain low distriets, subject to flaoding
of cellars during rain-storms at high tide, by diseriminating in
favor of such districts in respect to the interception of storm-
water, bas met with marked success.  No ease of flooding in such
districts has been reported since the sewers draining them have
been connceted with the intercepters; and many cellars, which
used often to be filled several feet deep with water, are known
to have heen perfectly dry during the past year,

Building the intercepting sewers has also dried cellars in other
parts of the city in a way which was not at first anticipated.
‘When land on the shores of the city was reclaimed. for bailding
purposes, most of the old walls and wharves were covered up by
the new filling, Tide-water followed along any such structures
through the ground, and entered cellars lower than high-tide
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level.  The now sewers were generally built along the present
margins of the city, and in digging deep trenches for them the
old structures found were cut off and removed. The backfilled
earth in the trenches forms an impervious dam surrounding the
city, beyond which tide-water cannot puss,

The sewers have been examined frequently since thc} went
into operation. The average depth of dry-weather flow in the
intercepting sewers is from ten to twenty inches, so that they
can be entered on foot.  So, also, can the main sewer above
Tremont Street; and, sometimes, above Albany Street. Below
that point the dry-weather flow is from two to three feet deep,
necessitatihg the use of a bont. .

The velocity of flow in the sewers varies from about two feet a
second upwards. An attempt was made to measure the velocity
at several points with a current meter. While integrating, the
meter could be varely kept under water longer than ten seconds
at a time without danger of its being clogged by paper, hair,
and similar substances. By the use of a stop-watch the instru-
ment could be removed for cleaning and again immersed without
interfering with the experiment. The inclination of the. surface
of the sewage, though approximately the same as that of the
BCWET, was b(,ldom pleu-ﬂ,ly the same, and the obscrvations
were not sufliciently exact, in any case, to determine just what
inclination then existed. The mean velocity at the points of
‘medsurement were, however, accurately ascertained, and the
results may be of suflicient interest to cite, .

In the case of a 4 x 4.5 feet sewer (Fig. 7, Plate VIIL), with
an inclinatien of 1 in 2,000, flowing 1.23 feet deep, the mean
velocity was 1.9 feet per scecond.  This sewer had some gravel
on its bottom, Iu the case of 1 4.75 x 5.5 feet sewer (hw 8,
Plate VIII.), with an inclination of 1 in 2,000, the depth was
1.45 feet, and the mean velocity was 2.45 feet per second. In
a 4.5 feet cireular sewer, with an inclination of 1 in 700, and
a depth of 1.15 fect, the mean velocity of flow was 2.56 feet per
gecond. In the case of an'8.25 feet cireular sewer (Fig. 14,
Plate VI.), the inclination being 1 in 2,500 and the depth 1.76
fect, the mean velocity was 2.59 feet per second, sufficient to
keep in suspension and carry along all sewage sludge. Most of



102 MAIN DRAINAGE WORKS.

the city sewers, when first intercepted, were found to contain
deposits of sludge varying from a few inches to several feet in
depth.  All these deposits were carried into the intercepting
sewers, and the sludge reached-the pumping-station and was
pumped up into the deposit sewers.  Gravel, stones, and hrick-
bats also were swept along and taken out at the filth-hoist.
Fine sand, however, did not move so. freely, but settled in
ridges here and there, and had to be removed by hand.

The hottoms of the sewers are, as a rule, perfectly clean. No
slime accumulates there, or, it it ever begins to grow, it is at
once scoured off by the attrition of moving particles. The sides
of the invert below the surfice of the water have a thin coating
of slime, making them very slippery. The arch and the portion
of the invert above the water exposed to.the air are cloan, and
often quite dey.  In some portions of the sewers earthy acere-
tions form on the arch. "Where the sewer is surrounded by
mirsh mud these are turned black by sulphureited hydrogen,
sometimes they are colored yellow by iron, often they appear
as white stulactites. In clayey soil the arch scems to be about
as clean as when laid.

The atmosphere in the sewers is not oflensive, although a
faint scwage smell can be detected on first entering them.  For
the first eight months after the sewers went into operation they
were not ventilated at the man-holes. This was because it was
known that much sludge would be turned into them from the,
common sctwers, and it was feared the smell from it might be
noticed. Iinally the ventilating covers, shown on Plate VI.,
were put in place.  No smell has ever been noticed from them,
and they considerably improved the condition of the atmosphere
in the sewers, which is now quite fresh and hardly at all dis-
agreeable; not so much so, for instance, as is that in most rail-
way carriages after an hour’s use. The temperature of the sew-
age varies from 50° to 65° F., and that of the air in the sewers
from 40° to 60° F., depending upon the outside temperature.

A small force of men has heen constantly employed, during
the past year, in earing for the main and intercepting sewers.
This force has consisted of a foreman, one carpenter, and four
laborers.  They have ulso done minor items of work and repairs
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which might properly be charged to construction.  After every
rain, whenever there was any likehood that water might have
overflowed at the old outlets, all of the tide-gates have been
visited. As a rule they are found to be quite tight. Ocea-
sionally one pair of a set (but never both pairs) are found to be
leaking somewhat at high tide. This is caused by rags, corks,
pieces of wood, or other such matters, eatching near the hinges.
At such visits the gates are washed clean, the hinges greased,
and the iron-work examined for traces of incipient rust.

Some of the tide-gates were made of white-pine and some of
spruce. A few of the laiter, which have been in place for three
years, already show signs of decay. These are inside gates
situated above the elevation of mean tide, so that they are com-
paratively seldom wet. To replace them creosoted lumber
will probably be uzed. The rubber gaskets, fastened to the
gates, are in perfectly good condition after about three
years' use. They were made of what was called by the munu-
facturer “ pure rubber;” but, as they cost 75 cents a pound,
when crude rubber was selling at more than a §1.00 a pound,
they probably mercly contained a larger percentage of that
material than is usnal in rubber goods. They were made with
special reference to resisting the effects of sewage and grease,

The penstocks, flushing gntes, and regulutors are also in-
spected periodically.  Moving parts are cleaned, slushed, and
moved, 50 as to insure their being in good working condition.
The iron, when earefully painted, does not appear to suffer
from rust. About once in eight months it receives a coat of
asphaltum paint.  Duplicates are provided of all pins and other
small parts, so that these can be taken to the yard to be warmed
and recoated. The chains attached to the inlet-valves, by which
they are lifted, are most subject to rust.  These are frequently
changed and taken to the yard, where, after being cleaned and
seraped, they are warmed in a furnace and coated with hot pilch.,

The catch-pails under the ventilating man-hole covers are
cmptied as occasion demands. I somie localities, and at sotize
seasons, pails will be filled in less than a month. Others will
not require attention for three months, Men drive along the
sewer line with a cart, remove a1 man-hole cover, lift out the
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pail, empty its contents into the cart, and again replace the pail
and cover. A few extra pails are carried in the cart, so that
it any one of those in nsc shows signs of rust it can be replaced
by another, and be taken to the yard for cleaning and recoating.
The filth-hoist at the pomping-station seems satistactorily to
answer the purpose for which it was designed,  In dry weather
the eages ave raised three times a duy, and the average daily
yicld from them is about 16 cubic feet. The matters inter-
cepted are rags, paper, corks, half lemons, lumps of fat, dead
animals, pieces of wood, bottles, children’s toys, pocket-hooks,
‘and such-like miscellaneous articles, which by accident or design
are thrown into house-pipes. Comparatively little solid fecal mat-
ter is caught, as most of it dissolves before reaching this point.
When it rains, and deposits are scoured out of the old sewers,
very much more filth is caught in the cages. The amount some-
times equals three or four cubic yards in 24 hours. At such
times it is necessary to raise and clean the cages every half-hour
during the night as well as in"the day, in order to prevent their
becoming clogred and backing up the sewage in front of them.
At first what was removed from the cages was buried in pils
near the pumping-station, This not heing considered a satis-
factory method of disposal, an attemipt was made to burn the
fihlr n the furnaces under the boilers. It was found that the
filth, as talken from the cages, contained so much water that
the fires were injured.  Accordingly a simple press, like a cider-
press, was procured, by which most of the water was pressed
out. The comparatively dry cakes remaining after pressing
arc now burned without injuriously affecting the furnace fires.
The two high-duty  Leavitt ” pumping-engines and the two
storm-duty “ Worthington” pumping-cngines have all been run
more or less during the past year. Any one of them iz able to
pump the ordinary dry-weather flow of sewage,  As a rule one
of the Leavitt engines is kept running ; should it vain, and addi-
tional pumping capacity be needed, the second Leavitt engine
is, by preference, started; if siill more capacity is needed, the
Worthington engines are started. When the amount of water
arriving by the sewer decreases, the Worthington engines atre
first stopped. '
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The average daily quantity of sewage pumped in dry weather
is about 24,000,000 gallons, and the average number of tons of
coul consumed in doing the work is abont 3}. This, with
some steam used for other purposes, gives a'working duty in
the case of the Leavitt engine of about 95,000,000 pouuds
aised 1 foot high by the consumption of 100 pounds of coal.
The Worthington engines, under similar conditions, show a
working daty of somewhat more than 50,000,000 foot-pounds.

The following table gives the results of the first year’s pump-
ing, beginning with February, 1884, when the works had got
fairly into operation : —

RAINFALL.
MONTH. DALy Damny Pxr Garroxs
AYERAGE AVERAGE CENT. I'usPED 1 .
GALLOXS PouxDs OF PER PouxND Number
1884. P'uMFPED. oF CosL. | Asugs. | oF CoaL. | Inches. | of Duys
"it IRained.
February . .| 25,777,360 14,028 15.8 1,836 5.74 20
March . . .| 32,437,879 [ 18,880 14,8 1,709 4.86 19
April . . . . 20,949,356 15,671 16,2 1,013 1.76 17
May . . . .| 25,121,056 13,127 15.6 1,915 3.81 11
June ., . . .| 26,712,208 13,265 16.5 2,015 4.01 T
July . . . .| 25,900,400 13,529 19.2 1,912 4.25 17
August . . .| 31,674,621 |- 14,704 16.0 2,174 5.01 14
September . .| 28,412,431 11,099 12.1 2,568 .31 8
October . , .| 27,601,557 10,206 | .13.3 2,698 3.17 13
Nevember ., . 27,501,283 8,985 8.0 3,073 | 3.03 9
December . . 20,883,601 10,181 7.2 2,885 4.46 15
1885,
January . . .| 88,498,668 11,448 7.2 3,265 5,38 9

It will be seen that the daily average, as given, is larger than
the dry-weather flow, because it includes the.extra quantities
pumped during rains. The Jargest day’s work thus fur has
been 81,280,883 gallons, buat for a few hours this rate has
been much exceeded.  Until August, 1884, the pumping was
not done economically. At that time a change was made in
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the management of the station, with a considerable increase in
economy. A further gain was made in November, 1884, by
substituting bituminous coal for anthracite, which had pre-
viously Deen used. The former coal mukes more steam, and
costs about §1 less a ton.  The comparatively low duty shown
Iy the table for Deceniber is due to the fact that the Worth-
ington engines were largely used during that month, while a
temporary building over the Leavitt engines was being taken
down.

Therc are no means for determining accurately the actual
amount of the city water-supply in the district whose scewers
are tributary to the Main Drainage System. But it is evident
that even in dry weather the amount of sewage reaching the
pumping-station hy the main sewer is greater than the water-
supply of the districts drained by it. The excess Is not con-
stant; somectimes it is estimated to be 10 per cent. of the
whole, and at other times it is probably 25 per cent., or
even more. This excess comes from several sources. Many
dwellings and factories in sewered districts have private water
supplics. Dretveries, and other similar large establishments,
contribute lavgely in this way. A single sugar-refinery was found
to pump and use, duily, about 1,000,000 gallons of salt water,
all of which properly might have gone back into the harbor,
but was, instead, turned into the sewers.  In the spring, when
the ground is full of water, much of it leaks into the common
sewers, and is by them carried to the intercepters. Sea-water
also, at high tide, finds its way along some of the old box-sew-
ers, and leaks into them buck of the tide-gates. It will prob-
ably prove to be true economy to rebuild many of the old
sewers, in whole ov In part.

The permanent working force employed at the.pumping-
station at present is as follows: —

1 Chief Engincer,

3 Assistant Engincers,
9 Oilers,

3 Fivenien,

3 Coal-passers,

1 Clerk.
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The men employed in the filth-hoist, included in the above,
rank as oilers, .The administration at this point is, of course,
not as economical as it would be if there were a uniform
constant amount of work to be done.

The deposit-sewers have perfectly answered their purposes
in arresting all heavy matters contained in the sewage. The
cross-sectional area of these sewers is so large and the resulting
velocity of flow is so sluggish, even when four pumps are run-
ning, that all suspended matters subside before reaching the
tunnel.  Sand and gravel are deposited at once, s soon as they
enter the sewers ; lighter substances are carried a little farther ;
‘but only floating matters or those having about the same specific
gravity as water, remain in suspension long enough to reach ihe
farther end of the sewers.

As elsewhere stated, the sludge, contained by the common
sewers at the time connection was made between them and
the intercepting sewer, passed to the pumping-station and was
pumped into the deposit sewers., The amount of this was
12,000 cubic yards or more. The best way of removing it was
long considered, and it was only in the autumn of 1884 that
the apphances described in Chapter V1II. were adopted and
constructed.  When the six-inch pipe connecting one deposit
sewer with the sludge-tank was first opened, the deposits ncar
where the pipe entercd the sewer were drawn into the tank,
which in the space of two days was filled with about 100 yards
of sludge. .

The floating scrapers (Plate XIX.) were not completed un-
til the winter. They work very well, with a combined serap-
ing and flushing action, and hy their use the sand and gravel
deposits can be moved from one end of the scwer to the other.
The sludge-tank was filled 4 sccond time, principally with clear
sand, when operations were stopped by the harbor’s freezing
over. The hay remnined closed by ice until early in Muarch,
when tho removal of the doposits was again resumed. It scems
probable that this method of removal will prove as satisfuctory
as any which conld be adopted.

As the tunnel is 142 fect bhelow the harbor, and has been con-
stantly full of sewage since pumping began, there has been no

.
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opportunity for inspecting it. For the first few months of 1884,
hefore all of the city sewers had been intercepted, a compara-
tively small amount of sewage was pumped, espeeially at night.
At such times the velocity of flow through the tunnel was very
slight, often less than one-half of a foot a second.  Oceasionally
pumping would be stopped for a few hours at night, Lo allow the
sewage to nccumulate. At present the ordinary flow in the tun-
nel is seldom faster than one foot n second.  As the sewage takes
from two to four hours to pass througl the tunnel, at these slow
velocitics, it was to be expected that deposits wonld oceur there

To ascertain the extent of such deposits, and whether they
were likely to become permanent, sonie experiments were made.
These were based upon the following laws : —

That the flow through the tunnel is produced by the difference
in elevation of the water at its two ends

That the amount of this difference is a measure of the fric-
tional vesistance which the tunnel opposcs to the flow of the
sEWALe ;

That, in proportion as the water-way of the tunnel is ob-
structed by deposits, the resistance, and therefore the difference
in elevation of the water at its two ends, will be greater thun
they would ba if the tunnel was clean.

The method of making the experiment was as follows : —

The quantity of water passing through the tunnel was ascer-
tained by pump measurement, with allowance for slip. The
difference in clevation at the two ends of the tunnel was deter-
mined by means of sliding gauges, with knife-edges where they
came in contact with the surface of the waier.

The cocfficient was then calcul'tted for the formuly

V=C orC=——
Vl{l VR[
in which

V = Velocity in feet per second

*
: . . aren
R = Hydraulic mean radius = ——————
wet permmeter
head
I = Sine of in¢lination = ——
length

C = A coefficient ascertained b} experiment.
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As the tunnel is circular, 7.5 feet in internal diameter, the
value of R, corresponding to the full cross-sectional area, is 1.875
feet. IExperiments on the flow of water in the Sudbury-river
Conduit,! which was a brick structure like the tunnel, gave a
coefficient corresponding to R = 1.875, of about 137. It was
not anticipated that the coeflicient found for the tunnel, even
when it was clean, would be quite so large as that of the con-
duit; since the surface of the former is somewhat rougher, and
some loss of head would be oceasioned by changes in direction
at hends and hy obstructions at the east shaft.

It wus also expected that the cocflicient would vary somewhat
with the velocity and with the dilution of the sewage. Under
the most fuvorable circumstances, with the tunnel frce from
deposits, the coeflicient would approximate 137, being that
found by the experiments above mentioned.

" The full area of the tunnel was used in determining the values
of V and R. This assamed that the tunnel was elean.  Should
the cocflicicnt be found to be much lower than that anticipated
it would show that the aforesaid assumption was incorrect, and
that the arca of the tunnel was partly obstructed.

Whatever was the true value of the coeflicient, its increuse or
decrease, as determined by successive experiments under the
same conditions, would show whether the amount of deposit in
the tunnel was becoming less or greater.

Arrangemeunts are pr ov1ded fm flushing the tunnel by running
four pumps simultaneously, salt water belng admitted to thc
pump-wells to supply any deficiency of sewage. The volume
pumped is generally at the rate of about 114,000,000 gallons
per day, which give a vclocity of about four feet per second
through the tunnel.

The first flushing with four pumps was done June 12, 1884.
Just previous to this time, by two measurements on different
days, the loss of head through the tunnel was ascertained to be
about .54 of a foot, #nd the values of C were found to be 80 and
82. On June 13, the day after flushing, an experiment, with
the same conditions as those previously made, gave a loss of
head of .30 of a foot, and a value of C = 110. .

! Transactions of the American Society of Civil Engincers, Vol. XII., No. CCLIIL,
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This value was still too low to indieate an entirely clean tun-
nel, but showed that the water-way had been increased by a
removal of a portion of the deposit by the flushing. This was
known to be a fact, since the sludge scoured out by the flushing
had been observed in the reservoir. Inspection showed that
the deposit carried into the reservoir was of a very light nature,
containing soft mud, horse-manure, water-logged match-ends,
bits of lemon-pecl, paper, and similar substances.

Beginning in June, 1884, flushing with four pumps has heen
done regularly about once a fortnight. At four different times
measurements to determine the value of C have been made
during the flushing. At such times the velocity of flow is high,
and from 75 to 80 per cent. of the volume pumped is clean salt
water, affording conditions favorable for obtaining a high co-
efficient. The values of C, derived from these several experi-
ments, were as follows 1 —

June 12, 1884, C = 129,

Oct. 20, 1884, C = 120.7.

Jan. 15, 1885. C = 146.3.

. Feb. 16, 1885. C = 146.6.

The last two experiments were made on days following periods
when the quantity of sewage pumped had been unusuoally large,
on account of rain and melting snow, which may account for the
largeness of the coeflicients. There may, alse, have been some
unusual slip in the valves, There can be little doubt, however,
that at this time the water-way of the tunnel was not uppreci-
ably obstructed.

Since these wers e'xperiments on the flow through a large pipe
they may have some general interest for engineers, and their
details are given in the following table: —

Note. —Two experiments made since the first edition was printed give the following
results : —
Aung. 28, 1886. C=1178.
Scpt. 25, 1885, C=1215. .
In{lese two experiments the quantity of water flowing was measured in the reservoir,
the heizht of the sewage in the sewers being kept constant,  In previous experiments the
" values of O were based upon pump measurement, with a small allowance for slip. Dur-
ing the week preceding the experiment of Oct, 20, triuls were made to ascertain the
slip of cuch pumy, and the results abtained ou that day ave probably trustworthy, The
results of the experimentsof Jan. 15 and Feb. 16 are now known to be teo large, the
rubber valves of the pumps having begun to wear out at this time, cansing @ large slip.
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The wooden flume between Squantum and Moon Tsland has
been watched carefully during the past year. It was at first
tight, but the cffect of the summer’s sun lying on one side of it
tended to make the planks shrink angd warp somewhat, so that
leakage ocenrred in some places.  These were stopped by
tightening the bolts and wedges, and by fastening the corner
Dottom pl.ml\s to the sides with lag serews.  To guard ngainst
the sun the flume was given a sceond coat of punt Puttmtr n
cheap roof over it would, doubtless, prolong the duration of its
effective service.

When the sewage in the reservoir is low the flume runs about
half-full.  As the basins fill, the depth of How increases until
finally it runs entirely full, acting as a pipe. The ordinary
velocity of flow is about three feet a second, or less as the
depth ingreases. Twice aday, when the reservoir is flushed, as
described later on, the current thl'ough the lower end of the
flume attains the remarkable velocity of about seven feet a sce-
ond, This velocity is suflicient to remove stones and brickbats.

Nevertheless the flume is not clean.  From its hottom up to
the ordinary flow line the sides are covered with a slimy deposit
from one-cighth to one quarter of an inch in thickness.  Ahove
the middle and on the top there is also some slime, but not so
much as below.  ‘The conditton of this sewer is commended to
the attention of those sanitavians who ave accustomed to vepre-
sent flushing as a certain remedy for the,accumulation of slime
in pipes.

Some experiments we made to determine the value of C in
the formula V = C~/RI as applicd to the flume. In one trial,
the flume flowing about half-full with sewage, the value of R
was 1.43 feet, the velocity was 2.4 feet a second, and the value
of C was found to be 116.9, In a sccond trial, under similar
conditions, the following values were obtained: R=1.41; V=
2.87; C=116.6. Inathird trinl, when four pumps were running
and the flume was flowing full, 75 to 80 per cent. of the water
pumped being clean salt water, the values of R, V, and C, respect-
ively, were 1.5, 4,80, and 134.8. Tt will be noticed that the
value of R wasg about the same in the last trial as in the first two,
but that the value of C was very nruch greater. Itis thought that
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this may be due to the fact that the first trials were made with
clear sewage, whereas, in the case of the last trial, the water
wis comparatively clean. It seems reasonable to suppose that
some head would be expended in maintaining in suspension the
solid particle§ contained by the sewage. The subject is worthy
of further investigation, it because concerns the applicability.to
the flow of sewage of hydraulic formule derived from experi-.
ments on the flow of clean water,

The reservoir has a capacity of 25,000,000 gallons.  As sew-
age.is stored in it for about ten hours at a time, betwéen the
end of one period of discharee and the beginning of another, the
basins, as & rule, have been filled only about half-full during
the past year. The process of discharging is begun about one
hour after the heginning of ebb tide. By this time the surface
of the sen is us low as the bottom of the reservoir, and a good
harbor current is setting outwards past the outlet. Water is
admitted to the turbine, and by the power transmitted from it
the upper gates in the outfall sewer are first closed. The sew-
age then miviving is thus stoved in the sewer, and its surface
rises several feet. Meantime the lower gates in the discharge
sewer are opened, and the sewage in the reservoir flows through
them to the outlet. Under ordinary circumstances the basins
are emptied in about thirty minutes.

There is left in the basins a thin deposit of semi-fluid mud,
generally about one-quarter of aninch thick, but in greater quan-
tity after storms. To remove this, flushing is first resorted to.
During the past year four brick partition-walls were built across
the gallery between the sewers and the reservoir. One of these
was built opposite the middle of each basin.  As soon asa basin
- is empty an upper gate is opened on one side of the dividing
wall just mentioned, and the lower gates on the other side of
tt. . The sewage, which has by this time accumulated to a
considerable depth in the outfull sewer, pusses through the
openings into one side of the basin, and flows with moderate
force up the gutters to the back retaining-wall.  As the gutters
fill the sewage overflows across the ridges and down the gutters
on the other side of the basin. Much of the sludge is in this
way washed ofl’ into the gutters and carried into the discharge
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scwers. The flushing is done alternately from one and the
other side of the hasin.

If a basin cannot thus be entirely cleaned men descend into
it with broad wooden scrapers, convex on one side, to fit the
gutters, and flat on the other.  With these the mud is seraped
into the gutters and pushed down into the gullery, whence it
is washed out into the sea at the next time of discharge. Such
cleansing operations occupy about one-half hour for each basin,
and are not cspecially disagrecable for the men.!

When the sides of a basin need cleaning the pump in the
engine-house is started, and one or more lines of hose are
coupled to the hydrants on the 4-inch pipe fastened to the floor
in the middle of cach basin. The pump will give two strong
fire streams with sufficient force to wash off any crust which has
hardened on the walls. The streams can also he used in con-
nection with seraping and washing the floors of the basin.

The first scwage which discharges at the outlet contains a
considerable amount of sludge which has settied in the
gallery and discharge sewers, and gives to the effluent a dark,
muddy appearance. After o few minutes the color is somewhat
lost, and the effluent looks like moderately dirty water.

Its effect in discoloring the salt water, and its course as it
joins the current out of the harbor, can he plainly noticed.
Being fresh water it rises to the surface, and when a half-mile
from the ouflet seems to lie on top of the salt water in a
gtratum but a few inches thick., The greasy nature of the sew-
age tends to quict the ripples commonly sgen on the surface of
the harbor, so that the area affected by the discharge is plainly
determined. TFrom experiments with floats it is known that
the sewage travels nearly five miles, following the Western Way
and Black-Rock Channel out to the vicinity of the Brewster
Islands. By the time it has travelled a mile from the outlet
most of the color is lost, and by the time it has gone two miles
(before passing Rainsford Island) not the slightest trace of it
can be distinguished.

1 Bince this was written slight changes have been made in the methed of fushing the
Boors and gutters, which render the operation so effective that it is no longer neccssary
to send men into the basins to clean them,
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When the works went into operation, and for the first nine
raonths thereafter, there were no gates near the outlet at the
end of the discharge sewers. As a consequence the last por-
tion of sewage from the reservoir, filling the discharge sewers,
flowed out into the harbor slowly as the tide fell. This was
the dirtiest part of the sewage, because it contained scourings
from the basins. By referring to the plan (Plate V.) it will be
secn that a cove was formed between the island and the pier
containing the discharge sewers. In this cove a foot or more
of sludge accumulated. A thin layer of sludge also formed on
the beach between the outlet and the extreme point of the
island. This last-named deposit was only found between the
levels of the mid-tide and low water.

In winter no smell comes from these deposits, and in sum-
mer none is noticed except during low tide. On three oceca-
sions last summer, when the wind was from the east, the
smell was so strong as to be noticed at Squantum, a mile
away. '

In hopes of preventing, or at least lessening, the formation
of such deposits, a set of gates have been placed in the cham-
ber at the outlet. By these the sewage filling the discharge
sewers is held back until the beginning of the succeeding dis-
charge, when it is forced out into a good current. These gates
have not been in place long enough to show how much they
will accomplish ; but, should objectionable deposits still continue
to form on the island, it is thought that an effectual remedy
can be provided. This will consist in building a solid bulk-
head wall near the line of low water, from the outlet to the
exireme easterly point of the island. Suvch a structure could
be built for $3¢,000.

.No trace of the sludge has been found on the shores in any
other part of the harbor. Very little smell emanates from the
reservoir in cool weather; not enough to be perceptible at a
contractor’s boarding-house, about 200 feet distant. In sum-
mer the smell is more noticeable ; but not nearly so much so as
is that arising from the deposits of sludge on the beach.

As a whole the Main Drainage System works well, and no
radical defect has been detected in any portion of it. It is not
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claimed that, by itself it furnishes a perfect system of sewerage
for the city. Many defective house-drains and common sewers
still exist, and must in time be replaced; but the new system
provides an outlet for the rest, without which other reforms
would be comparatively useless. .
By building the Main Drainage Works Boston has taken
the first, most essential step in the direction of efficient sew-
erage.
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APPENDIX A.

RECORD OF TESTS OF CEMENT MADE FOR BOSTON
MAIN DRAINAGE WORKS.

1878-1584."

TeHE Main Drainage Works chiefly consist of brick, stone, and con-
crete masonry. Abut 180,000 barrels of cement were required to
build this masonry; and to insure ifs stability and durability it was
necessary that the cement should be of good quality. From the start,
therefore, means for determining the qualities of all cements used or
offered for use were provided. A room was set apart for these opera-
tions and an inspector appointed to conduct them.

The tests were devised, principally, in order to determine three
pointe, namely : —

1. The relative strength and value of any cement as compared
with the average strength and value of the best quality of similar
kinds of cements.

2. The absoluote and comparative strength and value of mortars of
different.kinds made from the same cement.

3. The effect produced upon the strength of any cement-mortar
by different conditions and methods of treatment.

This knowledge was chiefly sought by observations of the tensile
strength of the cements and mortars tested. Reasons for adopting
the tensile test were, that it required comparatively light strains to
produce rupture ; that, as it was universally used, it afforded results
which could be compared with those of other observers; and, finally,
because the tensile stress is precisely that by which the mortar of
masonry, in most cases of failure, actually is broken,

All the particles of any cement are of appreciable size, and its
strength as a mortar depends on the extent to which the particles ad-
here, at their points of contact, to each other or to some inertsubstance.
This adherence may be overcome and the mortar broken, either by
pulling the particles apart by tensicn, or by pushing them past each

1 A paper presented to the American Bociety of Oivil Engineers,
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other by compression. The effect upon the adhering quality of the
particles is nol very different in the two operations; but in the latter
the friction of the particles against each other must also be overcome,
which requires the application of very much more force. Transverse
tests are only tensile tests differenily applied, and shearing produces
a stress intermediate to tension and compression. 'When masonry is
strained one part of it ig in tension, another in compression, and, as
- mortar yields more readily to tensile stress, failure generally occurs
by rupture of the joints in tension.

Briquettes for testing, with a breaking section of one square inch,
were first used ; but it was thought that these, from their small size,
wore liable to be strained and injured by handling in taking them
from the moulds and transferring them to the water. A larger pat-
tern, with a breaking section one and one-half inches square, or two
and one-quarter square inches, was finally adopted. Comparative
tests wilh briquettes of one inch and two and one-quarter inches sec-
tion respectively indicated that there wags little, if any, difference in
their strength per square inch.

"Theshape of the briquette adopted is shown by Fig. 2, Plate XXVIII,
Fig. 1 of the same plate shows the brass moulds in which the mortar
was packed to form the briquettes. These moulds proved very sat-
isfactory. They were strong, and easily clammped and opened. The
clainp consisted of a piece of brass wire riveted loose in the project-
ing lug of one branch of the mould, and binding by friction when
turned against the wedged-shaped log on the other branch. If a fast-
ening worked loose a single tap of the hammer would tighten it. All
breaking loads were reduced fo pounds per square inch of breaking
section by multiplying by four and dividing by nine.

Before testing a cement its color was first observed. The absolute
color of a natural cement indicates little, since it varies so much in
thig particular. But, for any given kind, variations in shade may indi-
cate differences in the character of the rock or in the degree of burn-
ing. With Rosendale cements a light color generally indicated an
inferior or underburned rock. - An undue proportion of underburned
material was indicated in the case of Portland cement by a yellowish
shade, and a marked difference between the color of the hard-burned,
unground particles retained by « fine sieve and the fiber cement which
passed through the sieve.

The weight per cubic foot was also sometimes ascertained. As this
would vary with the density of packing, a standard for comparison
was adopted, which was the density with which.the cement would
pack itself by an average free fall of three feet. The apparatus used
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is shown by Fig. 3, Plate XXVIII. The cement was placed in a
coarse sieve on the top of a galvanized iron tube, and, the sieve being
shaken, the cement sifted through the tube into the box below. This
box held exactly one-tenth of a cubic foot when struck level with its
top.

The weights per cubic foot as determined by this method varied
considerably with different kinds and brands of cement, and some-
what with different samples of the same brand. The averages were
as follows: —

TasLe No. 1.
Rosendale , . . . ., . . . . . . . . . 49 to586 pounds,
Lime of Teil . . . . . . . . . . . . . 50 ¢
Roman . , . . ., . . . . . . . .. 54 ¢
A fine-ground French Portland . . . . . . . 60 ¢
English and German Portlands . . . . . . . 77.5t087 «
An American Portland . . . . .0 . . . . 95 ¢

The following table shows the effect of fine grinding upon the
weight of cement. It gives ihe weight per cubic foot of the same
German Portland cement, containing different percentages of coarse
particles, as determined by sifting through the No. 120 sieve: —

TasLe No. 2.

0 per cent. retained by No. 120 sieve — W't per cublc foot . . 756 pounds.

10 i o 1 i ] 0 .. 79 1
20 it it i [ ] 7] . . B2 i
30 0 I L 1] it I . . 88 11
40 ] (1] 13 (X [ i% . .9 it

Tt was soon discovered that there was no direet ratio between
weiéht and strength. As a general rule, snbject to exceptions,
heavy cement, if thoroughly burned and fine-ground, was preferred
to light cement. Fine-ground cements were lighter than coarse-
ground and underburned rock lighter than well-burned. While color
and weight by themselves indicated little, yet, considered together
and also in connection with fineness, they enabled the inspector to
guess at the character of a cement, and suggested reasons for high
or low breaking. A cement which was light in color and weight,
and also coarse-ground, would be viewed with suspicion.

The test of fineness, which followed, was considered of great
importance, as showing the quantity of actual cement contained in a
barrel, and its consequent value. Small scales were used, made
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for this purpose by Fairbanks & Co. One-quarter of a pound ‘of

the sample was weighed out and passed through the sieve. The

coarge particles retained by the sieve were returned to the secales,

whose balanee-beam carried a movable weight, and was graduated
in percentages of one-guarter pound. The percentage of coarse

patticles retained by the sieve could thus be read directly from the

beam: :

Standard sieves, varying from No. 50 to No. 120, were used. The

pumber of meshes to the lineal inch in any sieve is commonly sup-

posed to correspond with its trade number. As sold, however, they

vary somewhat, and the number of wires is generally less, by about

ten per cent., than the number of the sieve. A No. 50 sieve com-

wonly has abont 45 meshes to the inch, and a No. 120 about 100, or

a few more. Inimportant contracts, where a certain degree of fine- .
ness was called for, it was customary carefully to compare two sieves

and retain one, which was specified as the standard, while the other

was delivered to the manufacturer for his guidance.

In accordance with common practice the No. 50 sieve was first
used. It was soon diseovered, however, that so coarse a sieve did
not always give a correct indication of the fineness of the cement.
This was especially true of Portland cements. Some brands, chiefly
German, were evidently bolted by the manufactorers with special
reference Lo tests by this sieve, in which they would leave no re-
giduum. Yet the bulk of such cements, while containing no very
coarge particles, might prove quife coarse when tested by the No.
120 sieve.

It is obviods that pieces of burned cement slag one-fourth of an
inch in diamecter would have no cementing quality, and the same is
true of particles one one-hundredth of an inch in diameter. At pre-
cisely what smaller size the particles begin to act as cement it was
impossible to determine. Those retained by a No. 120 sieve, in which
the open meshes are approxXimately one two-hundredth of an inch
square, were found to have some slight coherence, even after washing
to remove the finer floury cement which was sticking to them. It was
also found that the No. 120 sieve was about as fine a one as it was
practicable to use, on account of the time reguired to sift the cement
through it. It was, therefore, adopted as a standard. .

Assuming (what was only approximately verified by experiments
on tensile strength) that only what passed tlhirough this sieve had real .
value as cement, and that the rest was not very different from good,
sharp sand, the difference in the guantity of actual cement obtained
in purchasing barrels 60 and 90 per cent. fine, respectively, is shown

-
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by Figs. 9 and 10, Plate XXVIII. This has an important bearing
on the proportion of sand to be added in practical nse; for when
mortar is mixed for use in the proportion of one barrel of cement
to two of sand, if there be nine parts of cement and one of sand in
the barrel of cement itself, the actual proportion in the mortar will
be 910 2.1 0r1 to 2.35. If there be only six parts of cement and
four of sand in the barrel of cement the resulting propertion in the
mixture will he .6 to 2.4 or 1 to 4.

Fine cement can be produced by the manufacturers in three ways:
by supplying the mill-stones with comparatively soft, underburnt
rock, which is easily reduced to powder; by running the sfones more
slowly, so that the rock remains longer between them ; or hy bolting
throngh a sieve and returning the unground particles to the stones.
The first process produoces an inferior guality of cement, while the
second and third add to the cost of manufacturing.

The extra cost, as estimated by a firm of English manufacturers,
of reducing a Portland cement from an average of 70 per cent. fine,
tested by No. 120 sieve, to 30 per cent. finc, was 18 cents per barrel.
The price at which 5,000 barrels of their ordinary make, 70 per cent,
fine, were offered, delivercd on our work, was $2.82. per barrel. The
same cement, ground 83 per cent. fine, was delivered for $3 a barrel.
On the foregoing assumplion of the value of {ine and coarse particles
the city, by accepting the fivst offer, would have obtained in bulk
8,500 barrels of actual cement and 1,500 barrels of sand tor $14,100.
By accepting the second offer it obtained in bulk 4,400 barrels of
cement and 600 of sand for $15,000; that is, the 900 additional
barrels of cement cost §1 a barrel. Experiments illustrating the value
of fine grinding, and further comments, will be given later,

Tests were made both of neat cement and of cement mixed with
sand in different proportions. The latter were preferred, because they
showed the strength and value of the mortars used in actaal work. It
was found algo that the strength of briguettes made of neat cements.
did not always indiente the capacity of these cements to bind sand,
or the strength of the mortars made with them. This is illustrated
by experiment No. 10, on page 127.

The greater the proportion of sand in the mortar tested the more
accurately was the actual cementing quality of the cement indicated.
As, however, very weak mixtures took a long time to harden, and were
liable to injury from bandling, one part cement to three parts sand
wag adopted as the usual mixture for testing Portland cements, and
one to one and one-half or two for American cements, Oceasionally
when testing large quantities of some well-known brand, the object
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being to see that a uniform strength was maintained, it was found
gufficient,” and simpler, to omit the sand and make the briguettes
of cement only.

In making mortars for testing, rather coarse, clean, sea-heach sand
was used.

The subsequent strength of the brigquettes depended largely upon
the amount of water with which they were ganged. The highest re-
sults were obtained by using just enongh water thoroughly to dampen
the cement, giving the mass the consistency of fresh loam, which be-
came pasty by working with a trowel. For ordinary testing sufficient
water was added to make a plastic mortar, somewhat sfiffer than
is commonly used by masous. Different cements varied in the
amounts of water peeded to produce this result. Asg a rule American
cements needed more water than Portland, fine ground more than
coarse, and quick-setting more than more slow-sctting cements.
Experiment No. 9, page 127, shows the comparative strength of mor-
tars ganged with different percentages (in weight of the cement) of
water. The standard adopted was 25 per eent. for Portland cement
and 83 per cent. for Rosendale ; but these amounts were increased or
diminished by the eperator to suit the circumstances, his aim being to
obtain mortars of unvarying consistency. ‘

The way in which the test briquettes were made was as follows :
the moulds, having Dbeen slightly greased inside to prevent the mor-
tar sticking to them, were placed on a polished marble slab. This
support for them was used because it was easily cleaned and the mor-
tar did not stick to it. Experiment No. 6, page 124, shows that the
use of porous or of non-porous heds to support the moulds does not
materially affect the strength of the mortars. The reqnisite amounts of
cement and sand for one briguette were weighed out and ineorporated
dry in a mixing-pan. The proper amount of water was also weighed
out and added, and the mass worked briskly with a small trowel until
of uniform consistency. A brass mould was half filled with the mor-
tar, which was rammed into place Ly the operator with a small wooden
rammer, in order to displace any bubbles of air which might be con-
fined init. The mould was then filled to its top with the remaining
mortar, which was in turn rammed down. Finally the mortar was,
struck even with the top of the mould and given a smooth surface
by the trowel. :

The amount of mortar packed in the mould, and the consequent
density of the briquette, would vary with any variation in the degree
of foree exerted by the operator in ramming. This variation was re-
duced to a minimum by always mixing a fixed amount of mertar,
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which was barely more than sufficient to fill one mould. Trregularities
in ramming would thus be detected by variations in the amount of
surplus mortar, and could be checked. An atfempt was made to
do away wholly with this element of uncertainty by pressing the
mortar into the moulds with certain fixed pressures. Apparatus was
devised and used for this purpose, bnt was finally ‘Lbandoned on ac-
count of the length of time required for its use.

The initial energy of the cement— that is, the length of time after
mixing before it *‘set” — was determined by noting the length of
time before it would bear ‘¢ the light wire® of 7 inch in diameter
loaded with l-pound weight, and also ¢ the heavy wire” 54 inch in
diameter loaded with 1-pound weight. At the former time the cement
was said to have begun to set, and at the latter it was entirely set.
Different kinds and brands of cement varied greatly in the time after
mixing when they would bear the wires. Some brands of English
Roman cement would set in two minutes, and some of Portland re-
quired over 12 hours. Cold retarded the setting, and fresh-ground
cements set quicker than older ones. No dircct relation was estab-
lished between initial energy and subsequent strength. ~ By judicious
mixing of quick and slow setting cements a mixture conld be ob-
tained which would set within any desired period.

As soon as the briquettes were hard enough to handle withoutinjury,
which, with different cements and mixtures, varied from five minutes
to twelve or more hours, they were removed from the moulds and
placed in nombered pans filled with water. Before removal each
brigquette had marked upon if, with steel stamps, the name of the
cement, date of mixing, and a number by which it could be further
jdentified. The inscription might read thus: —

‘¢ Alsen 1-5. May 17, 1880. 47.”

Records were also kept in books and on blanks provided for the
purpose. The briguettes were kept in the pans, covered with water,
until they were broken. Their age when broken varied from 24 hours
to five years. A

In testing a well-known American cement, of generally uniform
quality, if it were an object to save time, the comparative excellence
of the samples could be sufficiently determined by a 24 hours’ test of
briquettes made of neat cement. Under similar conditions neat Port-
land cement conld be tested in seven days. To test mortar of cither
kind of eement took a week, or, better, a month; especially if there
was a liberal proportion of sand.

The probable value of an untried brand of cement could hardly
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be ascertained with ceriainty in less than a month, and not always
ihen. To illustrate the occasional need of long-time tests, a case may
be cited. _

A new brand of cement, made by some patent process, was offered
for use on the work. When tested it set up well, and at the end
- of a week the neat cement had a tensile strength of 184 pounds per
square inch. In a month this had increased to 267 pounds, indicating
a strength equal to that of a low-grade Portland cement. At this
time there was nothing in the appearance of the briguettes to indicate
any weakness. Yet, after about six months, they fell to pieces, and
had entirely lost their cohesive quality.

The briguettes were broken by a machine made for the Department
by Fairbanks & Co. 1t worked with levers, acting on a spring bal-
ance, which was tested from time to time, and found to maintain its
aceuracy. .

During the progress of the work the following brands of ccment
were submitted for approval, and were tested with more or less thor-
ocughness : —

Old Newark, Newark and Rosendale, Norton, Hoffman, Old Rosen-
dale, New York and Rosendale, Lawrenceville, Rosendale, Arrow,
Keator, Howe’s Cave, Rock Lock, Buffalo, Comberland, Round Top,
Selenitic, Vorwholer, Star, Dyckerhoff, Alsen, Hemmor, Bennar,
Onward, Burham, J. B. White, Kuight, Bevan & Sturge, Brooks,
Shoobridge & Co., Leavitt, Grand Float, Diamond, Spanish, Red
Cross, La Farge, Lime of Teil, Saylor, Coolidge, Walkill, Cobb,
Abbott. :

The following is a record of the more instructive lests made for
experimental purposes. Nearly all of them were made with special
reference to the work then in hand to elucidate some practical ques-
tions affecting the purchase, testing, or use of the cements needed for
building purposes. The names of the brands of cement tested in the
several experiments are generally omitted. This is in order to avoid
any unwarranted use of the results as recorded.

The figures given in the tables always represent average breaking
loads in pounds per square inch of breaking section.

Exrerivest No. 1.

Of natucal American cements the Rosendale brands (so called) are
the only ones which find a sale in the Boston market, and they were
_chiefly used on the work. Imported Portland cements were also
largely used. It was important, therefore, to ascertain the actual and
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comparative strengths of these cements. The following table gives
results compiled from about 25,000 breakings, of 20 different brands,
and fairly represents the average strength of ordinary good cements
of the two kinds. Some cauntion, however, is necessary in vsing the
table as a standard in which to compare other cements. Quick-
setting cements might be stronger in a day or week, and show less
increase in strength with time. Fine-ground cements would probably
give lower results tested neat, and higher ones with liberal propor-

tions of sand.

TasLe No. 3.

ROSENDALE CEMENT,.

.N a CEMENT, 1; || CEMENT, 1; || CEMENT, 1; || CEMENT, 1; "CEMENT, 1;

EAT CEMENT. 8anp, 1. 8axD, 1.5, Haxp, 2. Banp, 3. || Sawp, 5
ORI R -2 I I R N |2 u |8 la 21|l a3

& S {0 s |2 2510 e S| o =8 =R =] 2lele

glzlalz|2lElals 2lE 227 k822 k5152 )lk g2/
| |lo AR~ |2 A~ |RrRjojR[|m ] R |® || R || ]| ® ]|~
711 92'145 232‘290 56 116‘190 256(| 41| 95(155 230“ 24| 50125/180 14‘ 35‘ 80171 5‘ 16‘ 46‘ 80
PORTLAND CEMENT, . .

¥ o CEMENT, 1; CexMeNT, 1; || Costexr, 1; || OEMENT, 1; (| CEMENT, 1;

BAT UEMENT. || ganp, 1. BAND, L5, #aND, 2. 8aND, 3. 8anD, 5.
Slalslg|Ellate g 2 alsl2|2 ]|l ate]2 8]laia]dld
HEEIETH BEIER CIEIEI R B E BV B E T EIEIE I
== - N IR A I G - IR A B |||~ — e |~
1(}2|303 4121468 |404 || 160225 347387 ||.. ‘i .i 128) 16&(379]323 05(140 198i257 55| 88[136:155

The table is instructive in several ways. It shows that Portland
cement acquires its strength more quickly than Rosendale; that both
cements (but especially Rosendale) harden more and more slowly as
the proportion of sand mixed with them is inereased; that, whereas
neat cements and rich mortars attain nearly their ultimate strength in
six monthg or less, weak mortars continue to harden for a year or more.
The table shows the advantage of waiting as long as possible before
loading masonry structures, and the possibility of saving cost by using
less cement when it can have ample time to harden. It also shows

that Portland cement is especially useful when heavy strains must be

withstood within a weelk. .
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ExpermvenT No. 2.

These series of tests are like the preceding ones, except that a
single brand of cement was used in making each. The average
breaking loads per square inch were obtained from a less number of -
briquettes (about 500 in all) ; mortars with larger proportions of sand
were included in the series, and the tests were extended for two years,

TasLe No. 4.

PORTLAND CEMENT MORTAR.

Age when Neat |Cement, 1;{Cement, 1;|Cement, 1;(Cement, I;|Cement, 1;|Cement, 1;
Broken. Cement. | Band, 2. | Band, 4. | Sand, 6. | Band, 8. | Band, 10."| Sand, 12.

One week . 295 166 89 50 33 23 17
Onemonth. [ 341 243 132 . 88 67 50 41
Six months. 374 343 213 149 98 76 51
Two years . 472 389 226 159 98 49 31

ROSENDALE CEMENT MORTAR.

Ape when Neat |Cement, I;[Cement, 1;|Cement, 1;|Cement, 1;|Cement, 1;]Cement, 1;
Broken, Cement, [ Band, 2. | Sand,4.”| Band, 6, | Sand, 8. | Sand, 10."| Sand, 12.

Oneweek . |. . . 24 7 &

Onemonth. |. . . 83 33 17 8 B
Bixmonths.|{. . . 172 93 l 62 50 33 21
Twoyears.|. . . 211 90 56 33 22 20

The tables show that considerable strength is acquired in time, even
when a very large proportion of sand is used ; also, that most mortars
increase very little, if any, in tensile strength after six months or a
year. They become harder with time, but also become more brittle
and probably less tough. Specimens of mortar two years old, or
more, break very irregularly.

Experment No. 3.

'The rate at which Rosendale and Portland cements, respectively,
increase in strength during the first two months after mixing is very
different, and has some bearing on their use, and more on the inter-
pretation of tests of them made within that period. The curves (Fig.
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1, Plate XXIX.}, which indicates this rate of increase, were compiled
from tests with necat cement. It is probable that tests with mortar
would give somewhat similar results. By comparing the two curves it
appears that after 24 hours Rosendale cement has about three-fourths
of the strength of Portland. While the latter increases greatly in
hardness during the next few days, the energy of the former becomes
dormant, so that at the end of a week the Portland cement is more
than three times as strong as the Rosendale. During the second
week the Portland cement increases more slowly, and the Rosen-
dale eontinues nearly quiescent. At about this peried, and for the
next six weeks, the Rosendale cement gains strength, not only rela-
tively, but actually faster than the Portland, so that when two months
old the former hag one-half the strength of the latter. After two
months the relative rate of increase and the comparative strength
of the two cements remain nearly nnchanged. A series of tests with
a Buffalo cement, and one with a Cumberland cement, gave results
similar to those with Rosendale cement.

ExpieriMeNnt No. 4.

For making tests it is not always convenient to obtain sand of uni-
form size, and still less so to obtain such sand in sufficient quantities
for use ih work. The curves (Fig. 2, Plate XXIX.) record some tests
made to determine the effect of fineness and of uniformity of size
m sand upon the strength of mortars made with it.

The curves show that for comparative tests it is advisable to have
sifled sand of nearly uniform size; that mortars made with coarse
sand are the strongest, and that the finer the sand the less the
strength. It also appears that mixed sand, i.e., unsifted sand con-
taining a mixture of particles from coarse fo fine, makes nearly as
strong a mortar as coarse or medium coarse sand., For use in work,
therefore, it is well to avoid fine sands; but it is not necessary to
have sand of uniform size, or to sift out a moderate proportion of
fine particles.

Experiment No. 3.

As some experimenters on cement use a test briquette with a break-
ing section of 1 square inech, and others one with a section of 2}
square inches, the following experiment was made to determine the
difference, if any, in the strength acquired by the same mortars
moulded into briquettes of these ditferent sizes. Two series of tests
were made, in the same way, with the same mortars. In one series
the briquettes had a breaking section of 1 square inch, and in the
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other the section was 2} square inches. 'The results are given in the
following table, in which the figures represent breaking loads in
pounds per square inch, and are averages from five breakings : —

TasLE No. 5.

RoseNDALE JEMENT. PORTLAND CEMENT.
Cement, 1; Neat Cement, 1;
Neat Oement. S;l::f, 15. Cenft?m. Eun?ir,l 1.5.
AERFAFAEREN PR N PRI
m| g =l =] 2 g | F4 =] a o =] =]
Algia|s5||B|2 a|Bis|2|E 2|2
— - - w - - © - - (=) - ~ k=]
l-inch Section. . . . . | 49183 |t56/28G)| 27 | 53 [286(/3093(|460(857|| 60 | 96{175
24-inch Section . . . . | 49|78 |L73|258) 27|62 |311](347|301|678} 67 (108/230

As is usual, the breaking loads are somewhat irregular, the inch
section excelling at some points and the larger section at others.
The experiment, however, seems to indicate that neither size will, as
a rule, give higher results than the other. '

ExpERIMENT No. 6.

Some experimenters have thought it important to place the moulds
in which the mortar is packed for testing upon a porous bed, such as
blotting-paper or plaster. Others use a non-porous bed of glass,
slate, or marble. The following series of tests were made to dis-
cover the effect of these different modes of treatment. The figures
in the tables represent breaking loads, in pounds, per square inch,
and are avorages of about ten breakings: —

TapLe No. 6.

ROSENDALE CEMENT.

Mixture, Kind of Bed, (One Week. | Ope Month. | 8ix Months. | One Year.
Marble ., 05 151 228 325
Neat . {
Plaster . . 106~ 178 302 316
Cenient, 1 . . | Marble . . 14 107 210 51
Sand, 1.5 . .| Plasgter , . (1] 120 219 266
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A CUMEERLAND CEMENT.

[0} O Q Bi O
Mixture. Kind ?f Bed. D;l;. \Vgeek. Mm;!tei‘l. Monfhs. Yegﬁ.
Marble . . . 128 133 142 231 241
Neat .
Plaster . . . 147 165 176 244 257
'
Cement, 1 . .| Marble. . .|. . . 107 161 275 339
Sand, 1.5 . .| Plaster . . .[. . . 128 166 299 345
Cement, 1 . .| Marble . . .1{., . . 85 134 201 292
Sand, 2 . . .| Plaster . . .|. . . 111 148 241 294
Cement, 1 . .} Marble . . .|. , . 40 94 162 163
Sand, ¢ . . .| Plaster . . .. . . 44 91 164 170
GERMAN PORTLAND CEMENT.
Mixture. Kind of Bed. One Week. | One Month. | 8ix Months. One Year.
Cement, I . . | Marble . ., 259 367 390
Sand, t. . . | Plaster . . 213 376 411
Cement, 1, . | Marble . . 176 256 346 . 345
Sand, 2. . . | Plaster . . 194 258 326 357
Cement, 1. Marble . . 141 225 250 313
Sand, 3. . .| Piaster . . 147 220 258 a12
Cement, 1. . | Marble . . 103 157 240 274
Sand, 4. . . | Plaster . . 120 150 233 264
Cement, 1. Marble . . 82 108 182 213
Sand, 5. . . | Plaster . . 103 140 193 197
L)

Making allowance for a few irregularities, it appears from the fore-
going tables that the use of a porous bed gives slightly higher
results for the first one or two months, but that the difference disap-
pears or beecomes insignificant with age.
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ExperiMENT NoO. 7.

1t is a well-recognized fact that in experimenting with cements, even
when great care is exercised, individual specimens break very irregn-
larly, and that results even approximately conforming to theory ean
only be obtained from averages from a large number of breakings.
The porsonal equation of the operator, and the degree of force with
which he presses the mortar into the moulds, is one factor in pro-
ducing irregular results. To doaway with this o machine for packing
the moulds was devised and used for a time. By this the mortar was
pressed into the moulds by a metallie plunger, acting with definite
pressures, varying from 50 to 400 pounds.

The machine-made briquettes broke with somewhat greater uni-
formity than hand-made ones, S0 much more time was required to
miake briguettes with this machine that it was found to be impracti-
cable to employ it for general use.

Experment No. 8.

By the sea it ig frequently convenient to mix mortar with salt-water.
Brine is also used in winter as a precaution against frost, This
experiment was made to obtain the comparative effect of mixing
with, and immersing in, fresh and sea water respectively. ‘The tests
were made upon o Rosendale mortar, mixed one part cement to one
part sand, and an lnglish Portland mortar, one part cement to two
parts sand. The figures are averages of about ten breakings, and
give the tensile strength in pounds per square inch with the different
methods of treatment and at different ages.

Kxceept for some irregularity in the breakings for one year (which
may have been due to the manipulation), the table indicates that salt,
either in the water used for mixing or that of immersion, has no impor-
tant effect upon the strength of cement.  Salt-water retards the first
set of cement somewhat. '

' TasLe No. 7.

RoSENDALE CEMENT MORTAR, PorTLAND CEMENT MORTAR,
To 1. 11To 2.

Fresh Water. Freph, | Balt. Salt. Mixed with. Fresh, | Fresh, | Balt. | Salt.
Fresh Water, Balt, Fresh. | Sualt., . Immersedin, Freeh, | Salt. | Fresh. | Salt.
10 48 il 61 | One week . 151 122 152 149
126 135 114 12¢: | One month . 213 191 203 200
247 2a0 243 224 | Bix months . 314 245 277 2G4
310 263 224 217 | One year . 342 1 231 346 | 295
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ExrErmMENT No. 9.

This was an experiment to determine the velation existing between *
the stiffness of cement mortar when first mixed and its subsequent,
strength. The stiffness depends on the proportion of water used in
mixing, and varies somewhat with different cements. Natural Ameri-
can cements talce up more water than Portland cements, and fine-
ground more than coarse cements, Many series of tests bearing on
this point were made. The results obtained from two of the more
complete series are shown by the curves on Plate XXX. The cements
used in these tests were a rather coarse English Portland and a fair
Rosendale. Each of the points in the curves represents an average
from about ten briquettes. The cements were tested neat, and the
amounts of water used were different percentuges, by weight, of the
amounts of cement.  The resnlting stiffness of mortar is indicated on
the curves. This varicd from the consistency of fresh loam to a fluid
grout. The time of settling is greatly retarded by the addition of water,

The curves show that from 20 to 25 per cent. of water gives the
best results with Portland cement, and from 30 to 35 per cent. with
Rosendale ; that the differences in strength due to the amount of water
are considerable a$ first, bot diminish greatly with age; that the soft
mortars, even when semifluid, like grout, attain considerable strength
in time.

ExperiMENT No. 10.

From the first it was observed that fine-ground cements were less
strong when tested neat, and stronger when mixed with sand, than
were coarse cements. A few examples of this are given below. In
the first table a coarse English Portland cement is compared with a
fine-ground French Portland., The per cent. of each retained by the
fine No, 120 sieve is given, and the iensile strength, iu pounds, per
square inch at the end of seven days.

TaeLe No. 8.

Parta of S8aml o 1 part of

Per Cent. Cemuent.
Kind of Cernent. retained by
No. 120 Sieve. o 2 3 4 5
Engiish Portland . . . . a7 319 | 125 | 89| 59 43

French Portland . . . . . 13 318 | 205 | 130 | 114 86
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Such examples could be multiplied. German Portland cements
were commonly finer ground than English, and, as a ruole, were no
stronger or less streng, tested neat, but were much stronger with
liberal proportions of sand. Tn the following table two lots of the
same brand of English Portland cement are compared. The coarse
cement was the ordinary make of the manufacturers; the fine cement
differed in no particular from the other except that it was ground
more slowly and finer to meet the requirements of a special agree-
ment. The age of the samples when broken was 28 days: —

TanrLe No. 9.
Parts of Band to 1 part of
Per Cent. Cement.
Kind of Cement. retained by
Na. 120 Bieve. o 3 5
Ordinary Cement . . . . 35 403 105 68
Fine-ground Cement . . . 12 304 180 96

Different brands of Rosendale cement varied congiderably in their
fineness, Those of the best reputation would leave from 4 to 10 per
cent. residoum in the No. 50 sieve; other brands would leave in the
same sieve from 10 to 23 per cent. In the following table is com--
pared the average tensile strength obtained from experiments with
three of the finer-ground brands, and also with three other brands of
good reputation, but more coarsely ground. The age of the speci-
mens was ong weelt : —

Tansrt No. 10.

Parie of Band to 1 part of
I'er Cent, Cement.
Kind of Cernent. retalhed by
No. 50 Bieve, 0 1.5 9
Fine Rogendale . .. . . G 92 41 25
Cearse Rosendale . . . . 17 RE] 29 16

The foregoing experiments show that it is iinpossible, by tests on
the tensile strength of neat cements alone, to judge of their value
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in making mortars, for practical use; also, that fine-ground eements
make stronger mortars than do coarser ones, .

A pumber of series of tests were made of cements which had been
sifted through sieves of different degrees of fineness, and had thereby
had different percentages of coarse particles removed from them.
The results from these experiments were quite uniform, and showed
that, in proportion as its evarse particles were removed, a cement
hecame more efficient for making mortars with sand. The following
tuble gives the results obtained from one such series of tests made
with an English Portland cement. In the experiment comparison is
made between the strength of mortars made with the ordinary cement,
unsifted, as it came from the barrel, and those made with the same
cement after having been sifted through Nos. 50, 70, 100, and 120
sieves, which, respectively, eliminated more and more of the coarse
particles. The per cent. of particles which would still be retained by
the fine No. 100 sieve, after sifting through the coarser sieves, is
given in the second column of the table. There is included in the
table an extra coarse cemont, which was made 8o by adding to unsifted
cement & certain amount of the coarse particles taken from the sifted
cements. The tensile strength is given in pounds per square inch,

TagrLe No, 11.

Ak
g= ONE WEEK. || ONE MonTa. || 812 MoNTHS, || OXE TRAR.
“q .
) oy ﬁ B’
KIND 0f (EMENT N E
=]
USED IN MAKING - Parts of Band to 1 purt of Cement.
MonTans. Sag
e
D g i
G685 pola|s|slle]|s|s]a)e|s|s|sll2]|a]4]5
&
Cement with coarse par.
teles added . . . . Bh 720 39) 32] 18(1117( 80) 67 40((210{135(122] 84(,200{128(112| ¢2
Qrdinary Cement un-
gifted . .., .. ... a3 12¢] 92| 58| 43||197(143]108| 88)1311{236|183|136| (288247 |148| 185
Oemcntwh'chpaﬂaedNo.
50 Bleve . ., .. . 28 150 97] 67( 47|]210]158125]102|1324|240|100|146)|328(249|214{170
Cement which passed No. ‘
TO8leve . ... 18 183|117 82| 65![230]168|1561|112||338|266{225(173}|342|205|280|103
Cement which paesed No.
100 8leve. ., . .. . 8 1T7H123| B4) 73[(255/185(158;122||25T(288|239)182)[382(307(257)|215
Cement which passed No.
120 Sleve . . . . . 1] 1081154| ©6) 88/271,200{161}13211370|320(2381196]|286(316{262|218
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In a similar series of tests with Rosendale cement mortars the
increase in strength obtained by substituting fine for coarse particles
in the cemment was much less marked. The coarse particles were
gofter than those from Portland cement, and had, in themselves, some
power of cohesion. As previous tests had shown that fine-ground
Rosendale cements were stronger, with sand, than coarse-ground, it
was agstumed that the superiority was due not so much to the absence
of palpably coarse particles, as to the fact that the bulk of the cement
was more floury, and thus better adapted to coating and binding the
particles of sand. Irobably natural Amecrican cement is as much
improved as is Portland cement by fine grinding ; but in the ease of
the former there would not be the same relative advantage in bolting
out the coarse particles after grinding.

The following series of tests muy be of interest on account of the
age of the specimens. The mortars were made with an English
Portland cement, both unsifted as taken from the cask, and also
after it had been sifted through the No. 120 sicve, by which process
about 35 per cent. of coarse particles was eliminated: —

TasLe No. 12,

NEeaT CEMENTS. CEMENT, |} SAND, 2. | CEMENT, 1} BAND, 5.

KIND oF CEMENT.
2 Yeara. | 4 Yenrs, | 2 Years. | 4 Years. | 2 Yenrs. | 4 Years.

Ordinary Cement, un-
gifted . . . ., . 60: 387 339 493 182 208

Cement whieh passed
No. 120 Sieve . . 374 211 478 580

o
Ut
(=1

284

This table also shows that fine cements do not give ag high re-
sults, tested neat, as do cements containing coarse particles, even
coarse particles of sand. Tt also shows (what is often noticed) that
neat cements become brittle with age, and are apt to fly into pieces
under comparatively light loads.

The series of tests which follows was made for the purpese of as-
certaining what vulue, if any, for cementing purposes, was possessed
by the bhard, coarse particles of Portland cement. Mortars were
made with an ordinary English Portland cement, and compared with
similar mortars made with the same cement, after sifting through the
No. 120 sieve, which retained 33 per cent. of coarse particles.-
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TasrLe No. 13.

OXE WEEK. || OnE MonTH. || B1x MoNTHS. || ONE YEAR.

Ki¥D oF CEMEXT. Tarts of Bund to one part of Cement.

o|213|oj2(3 (o2 30|23

Ordinary Cement unsifted . [ 353(18%] 86|(273|201|142 (438 (323|253 [|444(343/271

Cemient which passed No. 120 i
Sieve . . . . . . . . [B11[18T][182[243|275|201 ||268 |BGT[310|[306]454|333

As usual, the coarse cement was stronger neat, and weaker with
sand. Assuming that the 33 per cent. of coarse particles retained
by the sieve had ne value as cement, acting merely as so much sand,
and assuming also that all which passed through the sieve was good
cement, it follows that the ordinary unsifted cement with two parts of
sand, made a mortar in which the proportion of real cement to sand
was .76 to 2.83, or about 1 to 3.5. Hence the mortar made with
fine cement and threc parts of sand should be as strong, or a little
stronger, than that made with the coarse cement and two parts of
gand. It will be seen that the results in the table sustain the assumyp-
tion very well.

If, then, the coarse particles are assnmed to act merely as so much
sand, it will not lessen the efficiency of the cement to remove its
coarvse particles, and to substitute actual sand in their place, This
was done in making the following series of tests. Onao set of bri-
quettes was made with ordinary cement, and another set with the
same cement, from which 33 per cent. of coarse particles had been
removed and replaced with fine sand.

TarLe No. 14,

ONE WEEK. ||ONE MoxTn. || Bix MoNTHS.|| ONE YEAR.

Parts of " ot
KIND or CEMENT. arts of Band to one part of Cement

Ordinary Cement, unsifted . | 139 86 || 201 | 142 || 324 | 258 || 848 | 271

Cement with 83 per cent,
coarse particles removed

and fine sand substituted. | 101 67 || 160 | 100 206 |1 305 | 240

Lo
=t
=
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These briquettes refused to bresk in accordance with the theory,
and the assumed hypothesis was not verified. It is evident that, for
making mortar, the eoarse particles of Portland cement are superior
to ordinary sand, but much inferior to fine cement. In the mortars
made with the cement in which the coarse particles had been replaced
with fine sand, the real proportions of cement to sand were 1 to 3.5
and 1 to 5. It will be noticed that the tensile strength was not re-
duced in like proportion.

ExperiMeNT No. 11.

While building masonry laid in American cement mortar it is some-
times desirable to increase the strength of the mortar temporarily or
in places, Rich Portland cement mortars are expensive, and those
with large proportions of sand are too porous for many purposes.
The desired strength can be gained by using, instead of the simple
American cement, the same cement mixed with a percentage of strong
Portland cement.

The following series of tests was designed to ascertain the compara-
tive sirength of mortars made with a Rosendale coment, an English
Portland cement, and also a mixture composed of equal parts of
cach: —

TagLE No. 15,

Kind of Mortar. 1 Week. 1 Month. 6 Months. 1 Year.

Rosendale Cement, 1; Sand, 2 . . 26 60 125 180
Rosendale Cement, 0.5 . -
Portland Cemenb,' 0.5: } Sand, 2 . ™ 138 268 a3
Portland Cement, 1; Sand, 2. . . 126 163 279 323

In the foregoing tests the mortar made with mixed cement had an
unexpected strength, approximating to that of mortar made with pure
Portland cement. In the following series of tests of mortars made
with jime of Teil, a fine-ground French Portland cement, and the
lime and cement mixed, the strength of the mortar made with the
mixture is almost exactly a mean between those of the other two mor-
tars, as also the cost of the mixed cement is o mean between the coafs
of the other two.
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TasLe No. 18.

Kind of Mortar. 1 Week. 1 Month, | 6 Months. 1 Year,
Lime of Teil, 1; Sand, 2. . . . 40 65 150 195
-Lime of Teil, 0.5, . «
Portland Cement, 0.5,} Sand, 2 . 100 135 756 200
Portland Cement, 1; Sand, 2 . . 170 265 360 365

The best Portland cements sometimes do not set within an hour,
which precludes their use for wet-work. In such cases quick-setting
‘cement should be added to them. Roman cements can be procured
which will set in from one to five minutes. Mixlures of Roman and
Portland cements were often used on the Main Drainage Works. Such
mortars would set about as quickly as if made with Roman cement
alone, and would acquire great subsequent strength, due to the Port-
land cement contained in them. This was proved by many experi-
mental tests.

It is probable that mixtures of any good cements can be used with-
out risk ; but before adopting any novel combination it would be wise
to test it experimentally.

FxperimeNt No. 12,

Engincers are sccustomed to reguire that only elean sand and water
shall be used in making mortar. Oceasionally these requirements
cause delay and extra expense. This experiment was designed to
ascertain how much injury would be caused by the use of sand con-
taining moderate proportions of loam. In mixing the mortar for

«these briquetles, sand containing 10 per cent. of loam was uged in the
place of clean sand, Each figure in the table is an average (in pounds
per square inch) of ten breakings.

Tapre No. 17.

ROSENDALE CEMENT, 1; sanND, 1.5; roas, .15

One Weck. One Month. Bix Months. One Year.

21 46 200 To231

The tests do not give very decisive results. For one week and one
month the breaking loads are not much more than one-half what

.
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would have been expected with clean sand. For six months and a
vear they are fully equal to ordinary mortar.

ExperiMENT No. 13.

This experiment was similar to the foregoing one, except that clay,
instead of loam, was added to the mortar. Clay, when dissolved or
pulverized, consgists of an almost impalpable powder, with particles
fine ¢nough to fill the interstitial spaces among the coarser particles
of cement. By adding clay to cement mortar a much more dense,
plastic, and water-tight paste is produced, which was oceasionally
found econvenicnt for plastering surfaces or stopping leaky joints.
Each figure in the Portland cement series of tests is an average from
about fifleen briquettes; those in the Rosendale cement scries are
avernges from ten briguettes.

TanLr No. 18.

ROSBENDALE CEMENT,.

Cement, 1; | Coment, 1; | Cement, 1;

Cement, 2; ] Cement, 1; | Cement, 1; felt 16! - {al

Clay, 1. | Clay,1." | Sand, 1.5, g*f‘;;,%ﬂi %’Iﬂg: o8 51“‘1‘;‘1014?,
1 week . . 32 23 50 52 34 33
1 month . . 108 52 123 116 101 100
6 months. . 303 204 217 248 247 236
1 year. . . 208 208 262 290 265 261

PORTLAND CEMENT.

Cement, 1; | Cement, 1; | Cement, 15

Cement, 2; Cel{lem, 1; | Cement, 13 | “g. a, ‘2; "1 Bana, 22| Sand 5!

Clay, 1. Olay, 1.7 | Sand, 2. | Gl | Glay, 04, | Clay, 0.6,
1 week . . 183 192 160 197 185 145
I month . , 263 271 186 253 245 208
6 months ., . 348 302 320 361 268 317
1 year. . . 303 an1 340 367 401 384

The tests seem to show that the presence of clay in moderate
amounts does not weaken cement mortars.
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It was feared that the presence of clay in mortars exposed to the
weather might tend to make them absorb moisture and hecome disin-
tegrated. To ascertain whether this would be so, sets of briquettes
were made, one set of Portland cement and sand only, the other con-
taining also different amounis of clay. They were allowed to harden
in water for a week, and were then exposed on the roof of the office
building for two and one-half years, when they were broken. All of
the briguettes appeared fo be in perfectly good condition, with sharp,
hard edges. Their average tensile strengths in pounds per square
inch are shown in the following table : —

TasLE No. 19,

Portland Cement, 1; Sand, 2 . . . . . . . . . . . 402
“ w ¢ Qlay,058. . . . . . . . . 2062
‘e 6 i L U 41
v £ 4 LS . . . . . . ... 182
T c - X I ¥ €

"The mortars with clay show a very fair degree of strength, and the
tests confirm the belief that the presence of clay works little, if any,
harm. Tests of mortars made with lime and clay also gave favorable
results. Such mortars would stand up in water. The subjeet is
worthy of further investigation.

ExpERmMERT No. 14,

Qcceasionally, for stopping leaks through joints in the sewers, it
was found convenient to use cement mixed with melted tallow. “The
‘tallow congealed at once and held the water while the joint was being
calked. DBriquettes made of melted tallow mixed with Portland ce-
ment and sand, equal parts, acquired in 1 weels, a tensile strength
of about 40 pounds to the inch. After a month, six months, and a
year, they were little, if any, stronger. It was thought that possibly
the ammonia in the sewage might gradually saponify and dissolve out
the grease, leaving the mortar to harden by itself. Briquettes of
cement and tallow were kept in water, to which a little ammonia was
added from time to time. After a year or two the briquettes had
swelled to about double their former size, but the cement had acquired
no strength.

~ ExperiMENT No. 15,

Having occasion to build with eoncrete a large monolithic structure,
in which a flat wall would be subjected to transverse stress, it was
considered necessary to;make experiments, to find the comparative
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resistance to such stress of conerete made with different cements and
with different proportions of sand and stone.

The cements used in the tests were an English Portland and a
Rosendale, both good of their respective kinds. Medium conrse pit
sand was used, and screened pebbles about an inch or less in diameter.
The beams were tén inches square and six feet or less long. They
were made in plank moulds resting on the bottom of a gravel-pit
about four feet deep. After the concrete had hardened sufficiently
the moulds were removed, and the undisturbed beams buried in the
pit and left for six months exposed to the weather. They were then
dug out and broken, with the results given in the table. The total
breaking loads are given, including one-half of the weights of the
beams, which averaged about 150 pounds per cubic foot. The econ-
stant, ¢, is obtaindd for the formula: —

w = tentre breaking load in pounds,

[
i d = depth of beam in inches.

_d&*Xd ]

[

|

X ¢, in which & = breadth of beam in iuches.

- ! = distance between supports in feet.
. [ e=n constant.

Sinee ¢ has an average value, and there were generally more beams
of one length than the other, the value of ¢ as given does not exactly
correspond with either load in the table.

TasLr No. 20.

AVERAGE CENTRE BREAKING
PROFORTION OF MATERIALS.
WEIGHT IN PouNDs. Avcerage
Average
Modulus of
Det, between | Dist. between Ruptere in Valoe of ¢
Cement, Sand. | Stone.” Supports. Supports. Pounds. in Pounds.
24N, a'.
Rosendale, 1 2 5 1,782 690 67 3.7
i 1 3 7 |Beams broke|in handling. -
Portland, 1. 3 7 3,926 1,995 176 9.8
e 1. 4 9 3,648 146 8.1
" 1. 6 11 2,822 1,190 112 6.2

The table shows that concrete has a rather low modulus, especially
when made of Rosendale cement. When transverse stress is to be
opposed it is very important to give ample time for the concrete to
harden.
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ExperiveNt No. 16.

Many of the main drainage sewers were either built or lined with
concrete, which was always smoothly plastered with a coat of mortar.
Tt was important that this surface coat should be especially adapted
to resist abragion. Thizs experiment was made to ascertain the best
mixture for the purpose. Different mortars were formed into blocks
14 inches square, and, after hardening under water for 8 months,
were ground down upon a grindstone. The blocks were pressed upon
the stone with a fixed pressure of about 20 pounds. A counter was
attached to the machine, and the number of revolutions required to
erind off 0.1 inch of each block was noted. The cements used in the
test blocks were a rather coarse English Portland and a fair Rosendale.

The curves (Plate XXXIL.) show the results obtained. In making
these curves the resistance to abrasion opposed by the Portland cement
mottar in the proportion of one part cement and two parts sand is
assumed to be 100, and the resistance of other mortars is compared
with it. The effect of the grinding upon the test blocks is noted on
the curves, and explains the somewhat striking results. °

It appears that cements oppose the greatest resistanee to abrasion
when combined with the largest amount of sand which they can just
bind so firmly that it will grind off and not be pulled out. A little
less or a little more of sand may greatly lessen the resistance. For
any given cement the proper amount of sand would, probably, have
to be ascertained by experiment.

ExperiMENT No. 17.

It is a prevalent belief among masons that cement, even when it
contains no free lime, and does not check, expands considerably after
setting. Tt is stated that brick fronts laid with cement mortar (espe-
cially of Portland cement) have been known to bulge, and even rise,
owing to expansion in the mortar. Experiments were made to ascer-
tain what truth there was in this belief. Several dozens of glass lamp-
chimneys were filled with mortars made of various brands of American
and Portland cements, both neat and with different admixtures of
sand. The chimneys were immersed in water, and, without exception,
began to erack within three days. New cracks appeared during the
following ten days, after which time hardly a square inch of glass
remained which did not show signs of fracture. This showed that
the cement certainly expanded, though very slowly, and that the ex-
pansion continued for about two weeks. None of the cracks opened
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appreciably, however, so that the amowunt of expuansion, which was
evidently slight, could not thus be even approximately determined.
A number of 10-inch cubes were then made of similar mortars, with
small copper tacks inserted in the centres of all the sides. Some of
these cubes were kept in the air, and others immersed in water, and
the sizes of all of them were measured frequently by callipers during
six months. The increase in size did not in any case exceed .01 inch,
and may have been Jess. This indicated that, while cement mortars
do expand, the increase in bull in any dimension does not exceed .001
part of that dimension, and is too slight te be of consequence. In
the case of the walls before referred to, supposing them to have been
80 fect high, with five }-inch joints to each foot, the total height of
mortar would have been 100 inches, aud the extreme expansion of the
whole could only have been .1 inch. It is probable that the appar-
ent rise was merely a difference in elevation caused by settlements of
partition or side walis Iaid with weaker and compressibie mortar.

' ExperiMeNT No. 18.

It having been reported that cement mortars in contact with wood
had sometimes been found to be disintegrated, as if they might have
been affected by the wood acids, this experiment was made to see if
any such effect could be detected. About a dozen boxes were made,
each formed of five different kinds of wood, viz., oak, hard-pine, white-
pine, spruce, and ash. The boxes were filled with different cement
mortars, and were some of them submerged in fresh and others in salt
water. Briquettes were also made of cements mixed with different
kinds of sawdust. At the end of a year no effectjupon the cements
could anywhere be detected.

Experiment No. 19.

Engineers are accustomed to insist on cement mortars being used
before they have begun to set, and on their being undisturbed after
that process has begun. With cements that set quickly workmen are
tempted to retemper the mortar affer it'has begun to stiffen. Some
cxperiments were made on mortars which were undisturbed after
first setting, and others which were retempered from time to time.
Unfortunately all of the conditions of these tests were not accurately
recordéd,'dnd the results are not considered trustworthy. The fol-
lowing series of tests, which represent an extreme case not met with
in actual practice, may be of interest.
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A mortar, made of one part of Portland cement and two parts of
sand, was allowed to harden for a week. It was then pulverized, re-
tempered, and made into briquettes. These subsequently acquired
the following tensile strength in pounds per square inch:—

Tweelk o . . .+« v 4 b e e e e e e e T
Imonth , . . . « . . +« « v « « + « « . . 13
Gmonths . . « « . .+« . 4w e e ... 49
DYEATS . . ¢ v 4 s e e e e e e e ... 93

Under the circumstances it is somewhat surprising that the mortar
developed as much strength ag it did. Good tests to elucidate this
subject are much needed.

Exrerivest No. 20,

A Ybrand of ¢ Selenitic” cement was offered for use on the work,
and was said to possess great merits. It was made by treating an
ordinary American cement by a patented process. It was tested by
comparing it with an untreated sample of the same cement of which
it was made. The following are the resnlts of the tests: —

TasLe No. 21.

Mixture,  [Kiodof Cemnent.| 1 Day. 1 Week. 1 Month. | & Moenths. | 1 Year.
Neat . . . | Untreated . 124 135 140 164 186
Cement . . | Selenitic . 149 168 171 282 273
Cement, 1 . | Untreated. | . . . 122 176 296 316
Sand, 1,5 . | Selenitic . | . . . 120 158 276 a56
Cement, 1 . | Untreated . | . . . 92 154 259 305
Sand, 2 . . | Selenitic . | . . . 108 133 224 276
Cement, 1 . | Untreated . | , . . 38 87 168 168
Sand, £ . . Se]en':tifc N 49 97 167 164

The breakings are somewhat irregular, but seem to show that this
cement was- made somewhat stronger by the selenitic process of
treatment when tested neat, but was little, if at all, improved for use
as a mortar ; not enough, certainly, to compensate, for the higher cost.

[—
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REVIEW OF ACTION OF THE CITY COUNCIL: IN
REGARD TO THE ORIGIN AND PROGRESS OF THE
MAIN DRAINAGE WORKS.

Tar defects of the sewerage system of Boston and the necessity
for a radical change were brought to the attention of the City
Conneil in various ways, for a number of years preceding the year
1875. The State Board of Health referred to the subject in their an-

nual reports as seriously affecting the sanitary interests of
1873.- the city, and requiring immediate attention. In 1873 the
following order was passed (July 14) by the City Counecil : —

Ordered, That the Committee on Sewers be requested to examine inte the
present system of sewerage in this city, and report to the City Council whether
any improvement of the present sewerage facilities is necessary for the protection
of the public health.

In pursuance of this order the Committee on Sewers reporfed
September 1, following (City Doc. 94); but, judging from their
report, they did not consider that any improvement in the ex-
isting sewerage system was required, as they endeavor to show that
it was sufficient and served its purpose as well as almost any
other in existence. To guote from the report, the committee
state that ¢ OQur systemm of drainage iz as perfect, though not so
complicated, as that of any other city. We are favored by location
with generally good grades and outlets to deep water, and though
we have no long lines composed of huge sewers with their many
branches, with pumping-works and fushing apparatus, yet the re-
moval of the sewage from the hounse to the ebbing tide in the harbor
is rapid and complete ; and that is a perfect system.”

After comparing the system of Beston with that of other cities in
the country, the committee conclude their report by stating hat
“ Everything which appears necessary to the public health or conven-
ience will be carried out by the Department as soon as it is possible
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or expedient.” The report is signed by Aldermen James 1873,
Power, Alanson Bigelow, and Thomas Gaffield.

Notwithstanding the reassuring tone of the report of the Committee
on Bewers, complaints continued, and the defects and dangers of the
drainage system of our city were still commented upon in various
ways. The Boston Board of Health, in their annual report, '
presented te the City Council in August, 1874 (City Doc. 1874.
63}, in discussing the subject, state: —

The whole system of sewerage is clearly wrong. Qur beautiful city is almost
encircled by the mouths of sewers discharging their contents into shoal water or
upon flats, the sewer gases rendering the atmosphere for some distance about the

wharves absolutely dangerous to breathe. About these wharves are large num-

_bers of laborers, whose duties are always there; and within range of these gnses
are thousands of dwellings. Should not all the sewers be turned south-easterly,
into deep water? Or would it be more feasible to construct a large marginal
sewer, into which all others should discharge their contents, and this one earried
away into deep water from a point nearest the bay? These are important gues-
tions, and deserve to be carefully considered, requiring, as it seems to us, the
immediate investigation of experienced enginecrs.

"There are large neighborhoods in the city entirely destitute of sewers, or any
proper means of getting rid of their vault, sink, or cesspool drainage, and much
sickness exists in these places in consoquence.

There are also, in various parts of the city, lew marsh lands, which are un-
healthy; in the Charlestown District there are 200 acres; in Brighten, 400; in
West Roxbury, 127, There arc more than 200 acres of land east of Hampden
Street, in Ward 13, that ought to be raised; a large portion of the territory east
of Harrison Avenue, betwcen Dedham and Northampton Streets, is too low. So
is the Berlin-strect territory, and it has caused us a great deal of trouble. The
territory bounded by Swett, Hampden, Foundry, and Gerard Streets should be
raised. And we respectfully submit that no marsh land should be allowed to be
inhabited, nor a building be allowed to be placed on it, until proper and sufficient
drainage is provided. We mean drainage independent of sewerage. 1If we stop
to reflect how greatly health and comfort are affected by undrained land we shall
easily see that such spots should not be inhabited. There are a great many
vacant lots of land in the eity without any drainage, and the city should neither
cause nor allow water from the streets to flow upon these lots.

We are satisfied that all sewers should discharge their contents into deep
water, and as far ont inte the harbor as possible, and in no instance should the
mouth of a sewer be exposed, even at the lowest tide,

In December of the same year the Board of Health presented a
special communication on the subject to the City Council (City
"Doc, 112), and as the communication, without doubt, occupies an
important place in this review, atfecting the Initiatory steps taken by
the City Council for improving the sewerage system, it is reprinted
here entire : —
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1874. OFrick oF Tue BoirD or HearLTH,
Bosrtox, Dee. 17, 1874,
To the Honorable Cily Council:—

(JENTLEMEN, — Although in our annual report of 1873, and again in 1874, we
‘called the attention of your honorable body to the great importance of a change
in our system of sewerage, wedeem it of such vital importance to the health and
comfort of the city at large, but more especially to certain portions of it, that
we venture again.to urge the subject in a special communication,

There are several places in which the evil is already so great that we mention
them in particular.

First. The old Roxbury Canal, crossing under Albany Strect, near Chester
Park.

Second. The Stony-brook Sewer, discharging upon the Back-bay flats.

Third. The Muddy-brook Sewcr, between Brookline Avenue and Downer
Street, in Ward 15.

Roxbury Canal, so called, leads in from the South Bay, is about 50 feet wide
and 2,000 feet long, reaching nearly to Harrison Avenue. The tide flows in and
out, but sluggishly. Into these three or four large sewers pour their contents,
and when the tide recedes there is left but very shoal, filthy water, through which
the foul gases from the putrid bottom can be seen bubbling into the atmosphere,
At low tide a considerable portion of this filthy bottom is left bare, giving off the
.most sickening and even dangerous cffluvia into a thickly populated neighbor-
hood. In Northampton Strect, Chester Park, Springfield Street, Harrison
Avenue, Albuny Street, and especially at the City Hospital, where there is a daily
average of 230 patients whe require pure air, the steneh from the Roxbury Canal
is often observed and exceedingly annoying.

The Stony-brook Scwer, which conveys the sewage of more than half of the
former city of Roxbury, or now about 30,000 inhabitants, terminates at the
west side of Parker Street, where, at low tide, this immense sewage is left to
trickle over the muddy flats, about 100 acres in extent, to the Charles River
beyond.  Before this sewage has reached a point where it can diverge from
the wharves of the city, it will have travelled more than one-half of the circum-
ference of the city proper, catehing at the bridges, wharves, and upon the flats
in its conrse.

An order has rccently been passed by the City Council to extend the channel
of the Stony Brook, so as to prevent the discharge of the sewage upon the flats
next Parker Street, ‘

In addition to the Stony-brook Sewer there are eight others opening into
Charles River above Cambridge Bridge, which, with their open mouths at low
tide, discharging their gases into the atmosphere, and their contents into shoal
water or upon flats, are doing a great share in making the atmosphere of thas
part of the city sklrtmg the river and Back Bay at times absolutely unfit to
breaghe.

The Muddy-brock Sewer, coming from Brookline, is very large, opens under
Brookline Avenue, near Tremeont Street, and is then an open sewer in the
immediate rear of dwelling-houses betwcen Brookline Avenue and Downer
Street for a distance of 600 feet, and then crosses the avenue again into the
town of Brookline. . The water in this brook gets very low in summer, leaving
but little'hesides the sewage-matter to flow through it. The stench from this is
very bad, and the people who live near it justly complain, This sewer ought to
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be covered at once, for a distanec of about 600 fect, to prevent evil 1874,
results which must inevitably come from its present condition.

The places mentioned, although the worst, are not all to which we invite
attention, The eity proper, being nearly surrounded by tide-water and flats, is
to the same extent literally fringed with the open mouths of sewers, discharg-
ing their gases into the atmosphere, and their other contents upon the shoals,
which are left bare next the sea-wall and under the wharves by the receding tide.

The result is, that at low tide, and especially in summer, about the wharves
and skirts of the city, where thousands of the laboring classes must work during
the day, and rfm.ny more will resort for a cool breeze in the evening, the air,
instead of being pure and cool from the water, as it should be, is polluted and
made dungerous by the foul breath of the sewers.

That our prevalent summer discases are largely influenced by this poisoned
"atmosphere there can be no sort of doubt., The best remedy for the evil com-
plained of may not be so apparent as the evil itself. We beg to suggest, how-
ever, that whatever disposition is ultimately mnde of the sewage, whether carried
intand and utilized, or seaward and lost, it would not be discharged at all points
in the circumference of cur city. 1f it is to be discharged into the sea —and
this for Boston seems the most practicable —there should be the least possible
number of outlets, and those well out into the channel of the harbor. We
believe the time has come when large main sewers, which can be relied on . for
the next century, to collect and convey the sewage of all others.to a proper place
for disposal, or to the sea, should be laid. We believe that the very best
intercsts of the city, public economy, and the public health, would be well served
by beginning this work with the least necessary delay.

The discharge of sewage into the Charles River and the South Bay is a con-
stantly growing evil, which already annoys and discomforts many, and, if per-
mitted to go on, must soon exert a very sericus intiuence upon the heafth of the
entire city. This danger can be averted by carrying the sewnge of the city
proper, of East Boston and Charlestown District, by one large main from each,
fully into the channel of the harbor, where, in deep water and strong currents,
the material will be so dissipated nnd acted upon by the salt-water as to become
hinrmless and unobjectionable to the senses before it can be lodged about the city
by flood tide. That of South Boston andof the Highland and Dorchester districts
should be earried well into deep water in Dorchester Bay.

To ¢arry out these suggestions would require surveying and advice of com
petent engineers, who would carefully consider and report not only the best
course and plan for these mains, but what they would need to be, without Alter-
ation, for the next fifty or one hundred years.

There are many places within the limits of the city, espeeially in the newly
annexed territory, where, although a supply of water has been furnished, there
are no means of getting rid of it after it has done its service, and the result is a
perfect saturation of the soil about the dwellings, etc, by the vast overflow of cess-
pools and vaults. Typhoid fever and other preventable diseases are frequent in
these places, and we fear must continue to be until proper sewerage is instituted,

While it is to be regretted that water-pipes have anywhere preceded the laying
of sewers, it is but fair to say that the snpply of pure water from the pipes, in
some of the sections referred to, had become a necessity, and the people would
have suffered, but in a little different way, without it.
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1874, In many instances the well-water gets vitiated in quality, or defi-
cient in quantity, and the supply from the pipes becomes a great

blessing.
We would respeetfully recommend all possible hastening of the sewers, and a
halting of the water-pipes in those sections where the two are not now associated.

Tue Boann or Heavrn,
By A, W. BOARDMAN,
Chatrman.

The communication was referred to the Committee on Sewers; but

as the municipal year was just at its close the matter went over,

without any definite acticn thereon, to-the committee of the

1875. succeeding year. The committee of 1875, — Aldermen

Thomas B. Marris, James T’ower, and Clinton Viles, —in-

stigated by the communication coming to them as unfinished husiness

from their predecessors, presented an order in the Board of Aldee-

men, Feb., 23, 1875, which was amended somewhat and adopted
Marelh 1, in the following form: —

Ordered, That Iis Honor the Mayor be hercby authorized to appoint a com-
mission, to consist of two civil engineers and one competent person skilled inthe
subject of sanitary science, to report upon the present sewerage of the city; the
discharge of sewers into Charles River, Stony Brook, South Bay, or Dorchester
Bauy; the necessity of any high-water basin on the site of the present full basin,
for flushing putposes ; the expedieney of relieving the sewers ub the South lind by
pumping; and to present a plan for the outlets and main lines of sewers for the
future wants of the city; and report, if it i cxpedient, in connection with the
proposed works, to provide for any water-basing or margional drive-ways, as orna-
mental and sanitary features of the city; and also an approximate estimate of
the expense of any place, or places, for a system of sewerage submitted by
them; the expenses to be paid from the appropriation for sewers,

In pursuance of this order His Honor Mayor Samuet C. Cobb ap-
pointed E. 8. Chesbrough, of Chicago; Moses Lane, of Milwaukee;
and Charles F. Folsom, M.D., of Boston, to serve as members of

the commission. Their report was submitted (City Doc. 3,
1876, of 1876), and in it they recommended the construction of

two intercepting sewers, one for the north side of Charles
River, and the other for the south side, discharging at Shirley Gut
and Moon Island, respectively; the total estimated cost of the
combined system being $6,551,064.

This report was referred, January 18, to a joint special committee,
consisting of Aldermen Alvah A. Burrage, Solomon B. Stebbins, and
Thomas JJ. Whidden, and Councilmen Eugere H, Sampson, J. Homer
Pierce, Warren K. Blodgett, Marcellus Day, and Albert H.
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Taylor. A remonstrance from George B. Emerson and 1876.
others was received May 4, 1876 (City Doe. No. 59)
against the adoption of the plan of the commissioners, and requesting
that additional investigations be had upon the subject. Petitions in
favor of the plan proposed were received, June 12, from Edward
H. Clarke and others, membhers of the Suffolk District Medical
Society, and Jesse L. Nason and others, citizens and property-
holders in Boston, representing that a new system of sewecrage was
of paramount importance, and praying that action be taken at the
earliest possible day to secure to the city the benefits of the same.
The special committee presented a preliminary report, Febroary
-14, 18786, advising immediate application by the City Council to the
Geoeral Court for authority to take land required for the construc-
tion and maintenance of the proposed new sewer; and the following
orders, submitted by the cowmmittee, were passed, namely : —

Ordered, That His Honor the Mayor be requested to petition the General
Court, at its present session, for the passage of nn act authorizing the city of
Boston to take such land as may be needed for the construction and maintenance
of a main sewer, across or under tide-water, to that part of the town of Quincy
known as Squantum, and from thence to Moon Island, in said town of Quincy;
also for authorlty to take land for the purpose of establishing pumping-works
and reservoirs in the city of Boston and said town of Quincy.

Ofrdere}d That His Honor the Mayor be requested to petition the General
Court, at lts present session, for the passage of an act regulating the construction
and mqmte;nance of sewers by the combined action of adjoining municipalities.

Acting under authority of the orders, the Mayor made application
in due form to the Legislatare, and in compliauce with his petition

the desired authority was obtained in the following act: —

[CuarTER 136.]
AX Act To EMPOWER THE CITy oF BOSTON TO LAY AND MAINTAIN & Main
SEWER, DISCHARGING AT Moon IsLAND IN BosToN HARROR, AND FOR OTHER
FURPOSES.

Be it enacted, elc., as follows : —

Secrioxn 1. The city of Boston shall have authority, in addition to the
powers now possessed by it, for the purpose of laying and maintaining a main
sewer running south-easterly from direction of Charles River, to build and
maintain wharves, pumping-works, and reservoirs for said sewer, on the main
land at or near the mouth of Neponset River, thence to conduct said sewer, by
meang of a siphon or tunnel under the bottom of the harbor, at or near the
mouth of said river, to that part of the town of Quincy called Squantum; thence
along or across said Squantum and the flats adjacent thereto to Moon Island,
Said city shall also have authority to build and maintain a reservoir or reser-
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1876. voirs at Moon Island, and other works essential to a proper and con-
venient discharge of the contents of said sewer. In any construction
over tide-water said city shall be subject to the direction of the harbor commis~
sioners in the manner pointed out in chapter four hundred and thirty-two of the
acts of the year one thousand eight hundred and sixty-nine. '
Snor, 2. The city of Boston shall have authority to take such lands, build-
ings, wharves, and structures, as may be neccssary to accomplish the objects
of the preceding section; and all damages to private property, or for landa,
buildings, wharves, or structures taken under this act, shall be ascertained as
preseribed in chapter forty-three of the General Statutes, and paid by the city
of Boston,

Secr. 8. The city of Boston and the town of Brookline may contract with
each other for the use and support in commeon of the eity sewer now con-
structed in Beacon Street in Boston, and leading into Charles River, and for |
the building by said town at its sole expense within the limits of said city of a

gewer about nine hundred fect in length from the town line to conneet the/’

town drains with such city sewer, and for the support, at the joint and equal
expense of sach, of the outlet of the sewer and the carrying the same out farther
into Charles River if necessary ; they may also contract with each other for the
building and support in common of anew covered channel for Muddy River,
such new channel to run from Tremont Street along the line of division between
said city and town, and to empty into the chanuel of Muddy River east of Aspin-
wall Avenue. Ifitshall be necessary to take land for the purpose of carrying out
the provisions of this section, said city and said town, each within its own ter-
ritory, may take such land as may be nccessary, and persous aggrieved by such
taking shall have their damages ascertained and paid, and all the proceedmgs
ghall be conducted in conformity to the laws applicable to the laying out town-
ways in said town, and highways in said city.
Approved April 11, 1876.

/

Subsequently, June 12, 1876, the committee submitted their report
(City Doe, No. 66) upon the subject-matter that had been referred
to them.

In it they recommended the adoption of the commissioners’ plan
so far as it applied to the territory sonth of Charles River, stating that
¢ Present necessities would be met by the construction of a main
intercepting sewer from Tremont Street to Moon Island' .o .
The application of the system to the district north of Charles Rwer
will require the codperation of adjoining municipalities, and, as the
necessities are not so pressing in that leeality, it may be deferred for
the present.” .

The estimated cost of the main intereepting sewer recommended by
the committee was $3,550,070. They also snggested that an immedi-
ate appropriation be made for preliminary surveys, and their sugges-
tions were embodied in the following orders, which accompanied their
report: —
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Ordered, That the Auditor of Accounts be, and he hereby is, au- 1876.
thorized to transfer from the Ileserve Fund the sum of $40,000, to con-
stitute a special appropriation for the purpose of muking surveys and plans, and
of procuring estimates for an improved system of sewerage for the eity of Boston.

Ordered, That a joint special commictee, consisting of three members of the
Board of Aldermen, with such as the Common Council may join, be appointed
to take charge of the construction of a main intercepting sewer from Tremont
Street to Moon Island, together with a main outfall sewer, and the necessary
reservoir and pumping-works connected therewith, substantially according to
the plan recommended by the Commissioners on the Sewerage of Boston, in
City Document No. 3, 1876; and said committec shall have authority to employ
such assistants as may be necded to enable the City Engineer to perform the
preliminary work required tu carry out said plan; the cxpense therefor to be
charged to the special appropriation for that purpose.

Messrs. Blodgett and Taylor dissented from the recommendations
of their associates on the committee. The report and orders were
referred to the Committec on Finance.

The latter committee reported, July 3, recommending the passage
of the fellewing as a substitute for the foregoing orders: —

Ordered, That the Auditor of Accounts be, and he hereby is, autherized to
transfer from the Reserve Fund the sum of $40,000, to constitute a special ap-
propriation for the purpose of making surveys and plans, and of procuring
estimates for an improved systemn of sewerage for the city of Boston, and that
said appropriation be expended under the supervision and direction of the Joint
Special Committee on Improved Sewerage.

This order provoked considerable discussion in the two branches of
the City Council, upon the general subject of sewerage (See City
Council Proceedings, 1876, pp. 406—409, 421-425, 436439}, but wus
finally adopted July 17, 1876, after being amended by inserting after
the words * city of Boston,” the words **on a line from Tremont
Street to Moon Island, and alse on a line from said strcet to deep
water, eagt of Castle Island.”

The City Engincer, under the committee’s direction, assumed
charge of the work contemplated in the order, and a few days later
he appointed Mr. Eliot C. Clarke as principal assistant in immediate
charge of the preliminary surveys, etc., and work was commenced
thereon without delay.

Mayor Frederick O. Priuce, in his inangnral address to 1877,
the City Council of 1877, in referring to the subject of
sewerage, said: —

No subject at this time claims so large a share of your serious consideration

as that of sewerage. The health, prosperity, every interest, in fact, of our
people depend upon it.
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1877, Do you expect Boston to maintain its present position among the

other cities of the country? Ido you wish her to increase in wealth,
in commercial importance, in political influence, to be what we claim she is, the
model metropolis? Sce to it, then, that she shall have pure, as well as free, air
for the lungs of her peaple.

The importance of perfect sewerage and good drainage, cleanliness, and ven-
tilation cannot be overstated.

The instructive letter of our fellow-citizen, the eminent Dr. Edward H.
Clarke, upon this subject, nddressed to the meeting of citizens held at Fancuil,
IIall in June last, assures us that ¢ defective sewerage and imperfeet drainage
are sapping the health of the ciy.” ’

In July last an appropriation of $40,000 was made to obtain accurate
surveys, and procure truc estimates of the cost of constructing works
substantially upon the plan recommended by the commissioners. If this plan
should be adopted it would, without doubt, give us a perfect system of sewerago
for an indefinite time, however large our population may be, The cost of the
works, or ¢f any works which would secure the desired result, would be great;
butT am sure that any additional taxation which they might require would be
cheerfully submitted to by our tax-payers, because the adequate sewerage is o
necessity ; and whatever neeessity demands it vindicatés.

With the advent of the vear 1877 and the new City Council a
gpecial committee ! was appointed to resume charge of the work,
deriving their authority from the following order, passed February
10, viz.: — '

Ordered, That the Joint Special Committee on Tmproved Sewcrage tuke
charge of all matiers relating to an improved system of sewerage, with authority
to employ such assistants as may be needed 1o enable the City Ingineer to per-

form the preliminary work now in progress; the expense therefor to be charged
to the special appropriation for that purpose. .

The work of making surveys and examinations was accordingly
carried forward without interruption, and on July 9 the City Engincer
reported to the committee that he was in a position to recommend a
cdefinite scheme, with estimates of ity cost.? As this report is of
special value, from its relation to the original scheme as adopted by
the City Council, extracts are presented herewith covering the leading
points.

The Engineer states : —

The investigntions have now becn carried so far that T am in position to rec-
ommend a definite scheme, and to give a preliminary estimate of its cost; and,
.understanding that it is the wish of your committee that a report should be
made at once, I respectfully submit the following: —

A few days after the nbove order was approved Mr. Eliot C. Clarke was
appointed principal assistant, to take charge of the surveys; and his report,
which accompanics this, will show what work has been done in the office and

1 Bee Appendix C for llst of commitieca. 2 See Appondlx, Clity Doe, No, 70, 1877,
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in the fleld.  There remains for me, therefore, little else than to state  1877.
what conclusions have been arrived at, and to give the estimates of
cost of the varions schemes that have been considered.

All the schemes are alike in their main features, and correspond with that
proposed and recommended by the commission appointed in 1873 o report upon
the present sewerage of the city, and to present o plan for its improvement.

These features are: n system of intercepting sewers along the margin of the
city, to receive the tlow of the existing sewers; o main sewer, into which the
former empty, and which, crossing the city, leads to a pumping-station; pump-
ing-machinery to raise the sewage matter some thirty feet; an’ outfall sewer
leading from the pumps to a reservoir situated at some favorable point for dis-
charge; and a reservoir from which the sewage, accumnlated during the latter
part of ebb and the whole of flood tide, is to be let out into the harbor during
the first two or three hours of the ebb.

In ali the schemes it is assumed that at some foture day » system of high-level
intercepting sewers will be added, which will conduet to the outfall all sewage
that can he delivercd at the reservoir withent pumping.

The Commissioners {(Mr. E. S. Chesbrough, City Engineer of Chicago; Mr.
Moses Lane, City Engineer of Milwaukee; and Dr. C. F. Folsom, Secretary of
Massachusetts State Board of Health) state in their report (City Document No.
3, 1876) what the evils are in the existing sewernge system thut require remedy,
and give the reasons why a plan of the above deseription is recommended. White
it wiil be needless to go over the whole ground here, it may be well to call atten-
tion to ene or two of the more striking points.

In the existing system the sewage is discharged through some seventy differ-
ent outlets along the shore lines of the city, and a number of these outlets may
be said to be in the very heart of the city, — such as those which empty into the
Roxbury Canal, South Bay, and Fort Point Channel.

As the borders of the sewered portions of Boston consists largely of broad
strips of made land, filled to level planes only six or eight feet above mean bhigh
tide, the sewers are necessarily built with slight grades, and are so situated as to
he tide-locked a large portion of the time. They discharge during the latter part
of the ehb and the first part of the floodd tides, so that the sewage, instead of being
gwept out into the harbor and there diffused, is carried inland, and such portion
as will deposit in still-water is thrown down at the turn of the tide upon the
broad arcas of flats that exist within and around the e¢ity. This intermittent
discharge produces otiier scerious evils. During the time the sewage is accumu-
lating in the sewers there is very little current in them, and, in consequence,
deposits are formed which are not readily removed, and, when putrefaction be-
ging, are the source of dangerous gases,  Again, as the sewage aceumulates and
rises in the sewers the gases are compressed, and, since adequate ventilation is
not provided, are liable to be foreed through the house-draing into the houses.

The more important objects to be attained by an improved system of sewerage
are, then, an uninterrupted removal of all sewage-matter from the vicinity of
inhabited districts, and o discharge of this matter at such a point and under such
conditions that it shall not be brought back to be thrown down on our shores.

The order of the City Council refers to two points of outlet only ; but after its
passage other points were urged ns possessing merit, and the committee thought
it would be best to give them some attention, since so doing did not seem to be’
at variance with the spirit of the order.
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1877. F¥our points of discharge have thercfore been considered, viz.: —
Spectacle Island.
Thompson’s Island.
Castle Island.
Moon Island.

Trom these four points experiments with floats were made, to determine the
direction and the force of the tidal currents, and to furnish a means of judging
if the suspended matter of the sewage would be deposited where it would injure
the ship channels or cause a nuisance,

Passing the lingineer’s discussion of the first three points we come
to the fourth as being specially favéred by him, and quote the fol-
lowing : —

MOON ISLAND.

The float experiments show o good current setting by the head of Moon
Island and passing out to the sound through Black Rock Channel.

The pole floats (which were usually about fourteen feet long and were used
to obtain the mean velocity of the current) passed to the norih, and the.surface
floats to the south, of Rainsford Island,

T'he northerly channel is the deeper one, and the one the strongest currents
follow.

It would seem that for the first two or three hours of ebb tide the waters of
Dorchester Bay discharge chiefly through the opening between Thompson's
Xsland and Squantum Head, thus producing a strong current close in land on the
north shore of Moon Island, at just the time it is proposed to discharge the
sewage. This current, passing around Moon Head, meets another from Quincy
Bay, and the two uniting pass out threngh Biack Rock Channel, as before de-
scribed. This union of the two currents is a very favorable condition, since the
inner edge of the more northerly one becomes the thread of the combined cur-
rents; and, therefore, any matter diseharged off the north peint of the island will
follow the deepest part of the channel and meet with the highest velocities; at
least, whatever the cause, floats which were started comparatively near the shore
at the point where it is proposed to discharge the sewage followed the thread of
the current after leaving Moon Head.

A large number of experimenis were made at this place, and for a detailed
statement of the conclusions drawn from them I would refer you to Mr. Clarke's
report. It will be sufficient to remark here that they clearly demonstrate that
Meoon Island is n favorable point for discharge.

Two plans, with this island for their outlet, have been studied; one known as
the Old Harbor Point scheme, the other as the Commercial Point scheme, They
differ chiefly in the location of the pumping-stations and of portions of the main
and outfull sewers, these differences in location causing, however, a difference
in some of the details, more particularly in the method of crossing the navigable
waters lying between Boston and Quiney.

The main sewer in both schemes begins on’Camden Street, near Huntington Ave-
nue, and follows Camden and Northampton Streets to Albany Street, from whence

- it will take one of two courses, to be determined hereafter, one through Swett

Strect and the proposed East Chester Park extension, to a point about 700 fect
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east of the New York & New England Railroad; thence through pri- 1877,
vate property to the corner of Boston and Mt. Verdon Streets; the
other, through Hampden Street, Norfolk Avenuwe, Clapp Stroet, and private
property to the same point; thence it follows Mt. Yernon Sireet to a point about
600 feet beyond Dorchester Avenue, there turning to the right nnd running to a
point near Crescent Avenue and the Old Colony Railroad. At this place the lines
in the two schemes separate. In the Old Harbor 'oint scheme, the sewer, puss-
ing under the Old Colony Railroad, traverses the long streteh of marsh land
known as Cow Pasture to 01d Ilarbor Point, where is located the pumping-stmion.'

A good foundation in elay is found for the sewer and pumping machinery at a
convenient depth under the Cow-pasture marsh, and no piling will be required. |

The outfall sewer leaves the point in a tunnel and passes under the navigable
waters of Dorchester Bay, a distance of 7,920 feet, to Squantum Head. Here
it rises to the surtace, crosses Sgquantum Neck, and passes over the body of
water between the Neck and Moon Island, to the reservoir on the island. A
portion of the distance after leaving the Neck, where there is mud bottom, it is
carried on a pile foundation, the remainder of the way on an embankment. For
the whole of this distance beyond the Neck it is to be covered with a heavy
embunkment, heavily paved and riprapped where necessary.

The reservoirs will discharge through capacious cutlet sewers carried well out
into the tidal current.

The estimated cost of the Old Harbor Point scheme is as follows : —

Intercepting scwers . . . . . . . . $706,000 00
Main sewer . . . . 565,000 00
Pumping-station, ﬁ]th-hmst nnd force -mains . . - 390,000 00
Sea-walls, filling, shaft-chamber, flushing-tank, ete. . 155,000 00
Outfall sewer, including tunnel . . . . . 848,000 00

Reservoir and connections . . . . . . 421,000 00
Qutlet sewer . . . . . . L 28,000 00
Pier, box sewers, und connections . . . . 64,000 00
Dwellings for reservoir men, and other bulidmgs . . 20,000 00
Extra, for reluying existing sewcrs, ete. . . . . 100,000 00

£3,307,000 00
Add 10 per cent. for seperintendence and contingencies . 330,700 00

83,637,700 00
Land damages . . . . . . . . . 75,000 00

$3,712,700 00

I'his estimate does not inelude the cost of land along East Chester Park ex-
tension, but does include the cost of filling 675 feet in length of that street to the
full width and grade.

The more important advantages of this scheme are: —

First, A favorable point for the location of a reservoir and the discharge of
sewage.

Moon Island is remote from any considerable population, present or prospee-
tive; thercfore neither the presence of the reservoir nor the discharge of sewage
there ¢an have any effect upon the valee of real estate.

-4
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1877, The sewage will enter favorable currents, which follow channclg
entirely vutside inner harbor.

Second. The location of the pumping-station is also remote from any lands
that would be liable to be depreciated by its presence, and is such that ample
room can be had at moderate cost.

Phird. "The lines which the main sewer follows are sueh ns to occasion com-
paratively littte inconvenience during construction. After leaving Albany Street,
if Enst Chester Park extension i3 followed, but one important line of travel will

‘be interfered with, namely, Dorchester Avenue.

The chief objection to it is the siplien in the tunnel wnder Dorchester Bry.
This feature is objeetionable on account of difficulty of consiruction, and of the
specinl appliances to keep it from silting up, A great deal of thought has been
given to the latter point, and various methods for preventing deposit, and for
flushing-out deposits, when they do occur, have been considered. The method
finally adopted for purposcs of the estimate is a large, covered flushing-tank at
the west shaft, into which the sewage will be pumped, and afterwards let
through the siphon with a velocity sufficient to prevent deposit, or to remove any
that may exist. At the cast end a sump is provided, into which heavy matier, if
any should find entrance to the tunnecl, will be swept thence to be dredged up
through the east shaft. European experience in the use of siphons for sewerage
purposes may show that so much in the way of precaution is unnecessary; if so
the plans ean be modified.

The Commercial Point scheme, having also its proposed outlet at
Moon Island, is described by the Engineer; the estimated cost
being $4,372,300. '

Comparing the two schemes, ¢.¢., the Commercial Peint and Old
Harbor Point, he states in conclusion, that

The difficulties to be met in the construction of the Commergial Peint sgcheme,
taken in connection with the exeess of cost and other matters of less importance,
render it inferior to the Qld Hurbor Poiat scheme; I would therefore recomn-
mend this Iatter as the best of the three, all things considered.

The report of the Assistant Engincer, Mr. Eliot C. Clarke, in
charge of the surveys, and also ““ A Report on the Geology of the
District traversed by the Surveys for the Tunnel from Boston to Moon
Island,” preparved by Prof. N. 8. Shaler, accompanied the Engineer's
report. (See Appendix, Gity Doe. No. 70, 1877.)

Acting upon the recommendations made by the Kngineer the com-
mittee presented their report to the City Council July 12, and. after
reviowing the origin and progress of the work thus far, they state: —

At the beginning of the present year the undersigned were appointed to take
charge of the work of making the preliminary exmminations for an improved
system of sewerage, and it has been performed under their direction until the
present time.  The results are clearly set forth in the reports of the City Ingi-
neer and the principal assistunts in charge, which are hereto appended, together
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with o report from Professor N. 8. Shaler, who was consulted with 1877,
regard to the geological questions which arose during the progress of
the survey.

Your committee believe that it is unnecessary to present any argument to
prove the necessity of adoptinga comprehensive system of sewerage for this city.
The ground has been fully covered by former reports upen the subject. Insuch
matters great reliance must be placed upon the opinions of persons who have
made sanitary science a study; and, if the mass of testimony which has becn
presented from time to time be reviewed, it will be seen that the evils arising
from defective sewerage are discernible in this city to an alarming extent.

While it is not assumed that an improvement in the system of sewcrage will
secure to us complete immunity fromn disease, it is believed that it will remove
a powerful agency for evil,  Aside from questions of heatth, it is well known
that great discomfort is oceasioned to the residents of many parts of the city,
who are compelled to inhale the odors oecasioned by the present method of dis-
charging our sewerage. It is believed that the necessity of the improvement will
be admitted, whatever differences of opinion there may be as to the proper
method of relief. ’

The plan for an improved system of sewerage which is now presented has the
indorsement of the best engineering talent in the conntry. It is the result of a
careful study of the different systems of sewerage now in practical operation,
and an application of the best features of such systems to meect the present and
future wants of Boston. It is unnecessary for your committee to attempt to
explain the details of the proposed plan; for that they refer to the reports and
plans of the engineers. It will he seen that the plan agrees in all its cssential
features with the one originally recommended by the Commissivners.

Your committee have made a careful study of the scheme, and are convinced
that it presents the only practicable method of effectually removing the evils
which are inseparable from our present system. It appears to be the enly
feasible method of securing the cooditions demanded of a complete system of
sewerage, viz. : the immediate and uninterrupted removal of sewage from the
vicinity of our dwellings to a point from whence it will nut return.

The report was signed by all the members exeept Councilman
Blodgett, who dissented from the recommendations of the others.

The committee recommended the passage of the following
orders : —

Ordered, That the City T'reasurer be, and he hereby is, autherized to borrow,
under the direction of the Committee on Finance, the sum of three million seven
hundred and twelve thousand seven hundred dollars; the same to constitute a
special appropristion for the conztruction of an improved system of sewerage.

Ordered, That the Joint Special Committee on Improved Sewerage be author-
ized to contract on behalf of the City of Boston for the construction of an im-
proved system of sewerage, having its pumping-staticn lecated at Old Harbor
Point and its outlet at Moon ITead, with all the reservoirs, pumping-worls, and
other appliances essential to the proper operation of said system, substantially
in accordance with the plans niade by Joseph P. Davis, City Engineer, and as
authorized by an Aet of the Legislature entitled ““ An Act to empower the City
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1877. of Boston to lay and maintain a main sewer discharging at Moon

Izland in Boston Harbor, and for other purposcs,” being Chapter 136
of the Acts of the year 1876; the expense thereof to be charged to the appropria-
tion for Improved Sewerage.

The orders were referred to the Committee on Finance, and that
committec reported July 19 recommending the negotiation of a loan
to the amount of 83,712,000. Interesting discussions of the snbject
took place in the two branches while under consideration (see City
Council Proceedings, 1877, pp. 544, 559-567, 569-577), and in August
the orders were finally passed.

This action of the City Council marks another important stage in
our review of the work, as the city was thereby fully committed
to the task of improving the sewernge system, and a definite plan
was adopted. . .

By an order passed October 8, the City Engineer was allowed four
months’ leave of absence, for the purpose of visiting Europe, and
examining the sewerage systems in use there; and the sum of
$5,000 was allowed from the appropriation to defray his ex-
penses, and Assistant Enginecr Henry M. Wightinan was empowered
to perform the Engineer’s duties during his absence.

December 27 a memorial from the Boston Society of Architects
was reccived, and referred to the committee, wherein it was repre-
sented that the proposed new sewcrage system would cause serious
injury to the founduations of buildings on the Back-Bay territory by
reducing the grade of the ground-water in thaf section to a point
below the heads of the piling on which the buildings stood. The
memorial was accompanied by a commnuuication from E. 8. Ches-
brough stating that the apprehended evils could be averted by
making the proposed sewer water-tight, and thus avoiding drainage
from the surrounding soil.

During this year rooms were procured at No. 74 Tremont Street
for the Improved Sewerage Department, and land was also purchased
at Old Harbor Point as a location for the proposed pumping-station
in connection with the work. Considerable portions of the con-
struction-work were let out by the committee to different contractors,
and good progress was made before the year closed.

Mayor Henry L. Pierce, in his inaugural address to ihe
1878. City Council in 1878, referred to the subject, and said : —

The intercepting sewerage system, for which an appropriation was made last
summer, and on which work has already begun, originated in the conviction of
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our citizens that some better method was needed than already existed 1878.
for the rewaval of the city's sewage,

While it is not claimed that the completion of this work will furaish a perfect
system of sewerage, since the ordinary drains and sewers are to some extent de-
fective in construction and arrangement, yet it seems to be the first and most
important step in that direction, affording, as it will, an outlet into which the
existing sewers can at all times freely discharge, and without which it would be
almost useless to attempt to improve them.

By au order passed January 16 the committee were appointed
to take charge of the Improved System of Sewerage, and they
were clothed with the swme powers as were exercised by their
predecessors,

The committee having assumed charge of the work, under the
authority conferred upon them, very little action relating to the
subject appeared on the part of the City Council for that year.
Questions of expediency as to the best method of carrying the work
forward, whether by contract or day-laber, were discussed, and an
order was passed in April allowing the committee to exercise their
own judgment in particular cases. '

By an order passed March 8 the committee were authorized to
expend the sum of $14,773, as their proportion of the cost of extend-
ing Hereford Street from Commonwealth Avenue to Boylston Slreet,
owing to the fact that the intercepting sewer was to be built in that
street.

Orders were passed to take land for purposes of counstracting the
new sewer as follows: —

Old Harbor Point, February 9.

Boston & Albany Railroad, June 21.
Boston & Providence Railroad, June 21.
Calf Pasture, July 16.

Clapp Street, September 27.

Hyde and Wendell Streets, December 13.

The committee were authorized to modify contracts entered into by
them in behalf of the city, under the following order, passed August
31, namely: —

.Ordered, That, whenever in the opinion of the Joint Special Committee on
Improved Sewerage it may be for the interest of the city that any contract
entered into by said committee should be modified or abrogated, the said com--
mittee be, and they are hereby, authorized to modify or abregate such contract,
and enter into mew contracts as they may deem expedient. 2

PO

o
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1879, The committce were appointed, as usnal, in 1879, and the
same powers were conferred upon them as were exercised by
their predecessors in regavd to carrying the work forward, employing
labor, and alse in regard to making and modifying contracts.
An order was presented in the Common Council February 27
" requesting the committee to commence work as soon as possible, and
providing that all the worl, except such as was under contract, be
done by day-laber. This order was referred to the cowmittee for
their counsideration, and April 24 two reports were received on the
subjeet. (See City Doe. 58.) The majority were in favor of con-
structing the sewerage-work by day-labor, so far as it was found
expedient to do so,in the belief that the work could be done as
cheap, if not cheaper, by that method than by contract, and with
more satisfactory results. 'They state in their report that, —

The contract system is left open to many grave objections. The competition
is s0 great that contracts are taken at extremely low prices, and the ‘contractor
is forced, as a measure of self-protection, to cheapen his work in every possible
way. In the matter of materials it requires constant watchfulness to prevent
the use of such as are improper, and the city is put to the cxpense of employing
inspectors, in order to prevent impeosition.

But it is in regard to the employment of laboer that the greatest grievance
exists. No control can be exercised over contractors in this respect. They
cmploy whomsoever they please and at any price they see fit, It makes no dif-
ference whether the laborer is a citizen of Boston or a non-resident, so fong as he
can be hired for the lowest possibie sum. Hence the constant complaints that
come to the city authorities of the employment of the men from other places upon
what is regarded as city work, and the cutting down of the prices of labor with
what is thought to be the connivance of the city.

Your committee submit that if' the work were to be done by the city many of
these difficultics would be removed. Inthe first place, the work of superin-
tendence could be performed at no greater expense than is now incurred for the
employment of inspectors of contract-work. The materials can be purchased by
the city as low, if not lower, than by contractors. The cmployment of laber
will be under the direct control of the City Council, who can see to it that none
but citizens of Boston are employed.

They recommended the passage of the following order: —

Ovrdered, That the Joint Special Committee on Improved Sewerage be au-
thorized to construct Section 4, Main Intercepting Sewer, by day-labor, and to
purchase such materinls and supplies, and to employ such agents, as may be
necessnry therefor; the expense to be charged to the appropriation for Improved
Sewernge.
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The minority of the committee, Messrs. Stebbins and 1879,
Mowry, dissented from the views of their associates, and
opposed the system recommended by them, as being the most ex-
pensive generally. In their report they claim, —

That in the construeetion of any extensive public work the same ean generally
be effected at much less expense, as also more expeditiously, under the contract
system than by the adoption of any other method, and it is claimed that ex-
perience has proved this proposition to be correct. Especially has this been the
case in conaection with the construction of the intercepting sewer, now being
laid in connection with our System of Improved Sewerage, as the cost of con-
structing said sewer under the contract system has been less by from twenty-
five to thirty per cent. than it would have been provided said construction had
been accomplished by day-labor. We therefore claini that if said intercepting
sewer can be construected ag less expense to the eity by the adoption of the con-
traet system (provided such construction is effected in & workmanlike and satis-
factory manner), it would be an unpardonable breach of trust to recommend the -
adoption of a more expensive method of construction, unless certain contingencies
or emergencies necessitated the adoption of the latter method.

The matter provoked a great deal of discussion in the two branches
of the City Council, and the order accompanying the majority report
wag finally rejected, June 3§, by the BDoard of Aldermen. A similar
order, however, was in the meantime introduced in the Common
Couneil covering work upon the main intercepting sewer, and, after
being amended, was passed, June 4, in the following form, viz. : —

Ordered, That the Committee on Improved Sewerage be empowered to
construct a portion of the main intercepting sewer by day-lubor, if they shall
deem it expedient and for the best iuterest of the city to do so; and that in case
they decide to build any portion of said sewer by day-labor, said committee be
instructed to allow the. superintendent in charge thereof to employ men of his
own sclection, who shall be citizens of Boston, without interference or dictation
from the committee,

A report was submitted by the committee May 29, in compliance
with an order passed May 13, giving a statement in detail of the
expenditures on account of the work to that time. (See City Doc:
69, 1876t

An order was introduced in the Common Council August 26 fixing
the minimom price for laborers on the work at $1.50 per day, and,
after being discnssed at some lengih and amended, it was passed in

# A general statement of expenditures follows the review, see p. 190,
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1879. the branch where it criginated, but it was finally rejected
by the Aldermen.

TUnder authority of an order passed March 24 the Mayor petitioned
the General Court for authority, on the part of the city, ¢ to conduet
the muin sewer in a nearly dircct line from Old Harbor to Moon
Island, instead of by way of Neponset River and Squantum,” as
provided in the Acts of 187G, Chap. 136. In compliance with the
Mayor’s petition the following Act was passed: —

[Cuarrer 230.]

AN Acr 1x ApvrTioNn To “ AX AcT TO EMPOWER THE CITY 0F BOSTON TO LAY
AND MAINTAIN A Maix SeWER, DIscHAUGING AT Moon Ispaxp, 1v Boston
HARBOR, AND FOR OTHER PURPOSES.”

Be it enacted, ete., as follows : —

Secrrox 1.  The eity of Boston shall have authority, in addition to the
powers now possessed by it, for the purpose of laying and maintaining a main
sewcr running south-easterly frem the direction of Charles River, to build and
maintain wharves, pumping-works, reserveirs, and other structures on the main
land, at or neat the shore of the Calf Pasture, so ealled, in Dorchester Bay;
thence to conduct said sewer, by means of embankments and of a tunnel or
siphon, not less than six thousand five hundred feet long, under the bottom of
the harbor to the part of the town of Quiney called Squantum; thence along or
across sald Squantum, and the flats and waters adjacent thereto, to Moon Island;
or said city may build the sewer or siphon under the bottom of the harbor, ¢n a
neatly direct line from said Calf Pasture, to Moon Island. Baid city shall have
authority to build and wmaintain a reserveir or reservoirs, a pumping-stution,
wharves, and dwelling-houses, and such other works as are essential to a proper
and a convenient discharge of the sewage at Mooen Island.  Said eity shall have -
further authority to connect Moon Island with'Squantum by means of a bridge
or embankment to be psed as a road-way. In any construction over tide-water
said city shall be Sub](.(,t to the direction of the harbor commissioners in the
manner pointed out in chapter four hundred and tlurly two of the acts of the
year cighteen hundred and sixty-nine.

Secr. 2. The city of Boston shall have authority to take such lands, build-
ings, wharves, and structures as may be necessary to accomplish the objects
of the preceding section; and all damages to private property, and for lands,
buildings, wharves, or structures taken under this act, shall be ascertained as
prescribed in chapter forty-three of the General Statutns and paid by the city
of Boston.

Secr. 3. This aet shall take effect upon its passage. [Approved April
16, 1879.]

.

Orders to take land for the purposes of the sewer were passed as
follows: Old Colony Railroad Company, April 18; Squantum and
Moon Island, September 19.  (See Doec. 91, 1879.)
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Mayor Prince, in his inaugnfal address to the City 1880,
Council, in 1880, referred to the work in the following
manner : —

The work has been well and cconomically constructed.

In view of the apprehensions which have been from time to time expressed
touching the cfficicncy of this sewer in accomplishing its objects, it must be
gratifying for you and your constituents to know that the able and experienced
civil engineer, who is charged with this important work reports that after due
consideration of the objections occasionally urged against the system, ¢ Nothing
has yet arisen to cause a doubt that the plan proposed is the proper solution of
the sewerage problem ut Boston and will afford the required relicf.”

The committee was appointed at the beginning of the year, and by
an order passed February 20 were given the same powers as their
predecessors, and the work progressed under their direction with
but very little interference on the part of the City Council.

An order was passed February 20 allowing the sum of $3,000 to
Hoblitzel & Co., from the amount retained by the city on their
contract for building Section 5, main intercepting sewer.

The following order was passed May 5: —

Ordered, That the Committee” un Improved Sewerage, acting under the
advice of the City Solicitor, be anthorized to purchase of Howard A. Carson
and George H. Norman the right to use, in such departments of the city as may
"be necessury, the exenvating machinery patented by said Carson; the expense, not
execeding $2,500, to be charged to the appropriation for Improved Sewerage.

An order was passed November 13 to take certain land in Quincy
for sewer purposes. (See City Doc. 128.)

By nn order passed December 29 the committee were authorized
to alter or modify the existing contract with . A. Malone for build-
ing the Dorchester-Bay tunnel to such extent as they might deem
expedient.

Mayor Prinee made reference to the work in his inaugural 1881,
address in 1881, and said : —

No unforeseen difficulties in the ennstruction have been encountered, and
there is every reason to expect the suceessful accomplishment of this part of the
sewer scheme. . .

All the work has been well done, and it is gratifying to know that it has cost
less than the present prices for labor and materials.

The Engineer docg not doubt that this system of sewers will *“ultimately
accomplish all that has been claimed for it
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1881. The usual order for the appointment of the committee was
passed January 3, and the committee were subsequently aa-
thorized to resume the work by an order passed Janoary 28,

The matters coming before the City Council this year were chiefly
in regard to odifications of contracts entered into in behall of the
city by the Committee on Improved Sewernge. The contracts’
modified by the City Council’s consent were that of R. A, Malone, for
building the Dorchester-Bay tunnel, and the contract with William
C. Poland & Son, for building Section 3, outfall sewer, and Moon-
island reservoir.

The committee were divected to report on these matters, and also
in regard to the work under H. A. Carson’s superintendence, and the
following reports were aceordingly submitted October 31. - (See Doc.
185.)

DORCHESTER-BAY TUNXNEL.

The Committee on Tmproved Sewerage, who were directed to report what
progress has been made in the construction of the Dorchester-Bay tunnel, and
whether the contraetor for building said tunnel surrendered his original contract,
and was given o new contract for completing the work, without bonds being
required for the performance of the same, beg leave to repurt as follows : —

T'he three tunnel shafts, with their surrounding bulkheads and iron ¢ylinders,
are completed, with the exception of some brick lining. Of the total length of
tunnel, amonunting to 7,004 lineal fect, 5,399 feet are excavated, and the excavation
of the remainder is at present progressing at the rate of about 200 feot per
month.

Mr. Malone, the contractor for building the tunnel, in a communiecation to
your committce, dated Junc 18, 1881, abandoned his contract, alleging his
inability to complete it for the prices therein stipulated. Pending the action of
the committee, to prevent damage to the work already accomplished, Mr. Malone
continued to prosecute it. By the terms of the contraet, as construed by the
Corporation Counsel, two courses were open to the committec, — either to finish
the work by day-labor, or to enter into & new contract for its completion, either
with Mr. Malone or other parties. Mr. Malone offered to complete the work for
prices about one-half greater ihan those of his previous contract. Considering
the fact that Mr. Malone had the requisite plant on hand, and had acquired
valuable experience concerning the character and best methods of conducting
the work, and also that the bad reputation which the tunnel would have if
abandoned, would probably deter other bidders from making reasonable offers,
it was thought for the best interests of the city to allow Mr. Malone to continue
to carry it on, — especially as his prices seemed reasonable to the committee and
the Engineer, and were not in excess of figures of cost derived from the force-
account kept by the city.

A new contract was therefore made with Mr. Malone for completing the
tunnel. This contract was not atcompanied by & bond —Mr. Malone not being
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in a position to furnish one. It should be understood, however, that 1881,
the bond upen the original contract has been in no way vitiated or
impaired, the sureties having agreed that their liability should not be affected
by these proceedings; amd the amount of this bond, together with the reserve
held back under the first contract, is still applicable to making good the loss in-
curred by the city through the abandonment of the original countract,

For the Committee,

LUCIUS SLADE,
Chairman.

THE POLAND CONTRACT.

The Committee on Improved Sewerage, who were directed to report what
progress has been made in the construction of the works at Moon Island, under
the contract with William C. Poland & Scn, and also whether said contractors
have surrendered their contract, beg leave to report as follows : —

The following tabulated statement will show the approximate total guantities
of different classes of work reguired by Mr. Toland’'s contract, and the amounts
now done as per Kngineer's estimate, dated October 21, 1881 : —

Class of Work, Total Amount. Amount Done.
Earth-work . . . 369,100 cubic yds. 201,827 cubic yds.
Magzonry . . . . 59,520 s & 4,461 ¢ ¥
Ballast . . . . 23,000 ¢ o« 10,865 =«
Riprap . . . . 55,000 tons. ' 15,470 tons.
Lumber . . . . 336 M. 170 M.
Drain-pipe . . . . 2,000 feet. 0 feet.
Brick gate-houses . . 2. 0.

By the terms of the contract the masonry of the reservoir, and the easterly
two thousand feet of sewer, should be cowpleted November 15, 1881,  About
one-twentieth part of the masonry is in place, and no part of the sewer is yet
built. A large part of the cut-stone, for the reservoir and its adjuncts, is on the
ground. The reservoir proper is about one-half exeavated. 'The total value of
the contract, as estimated from the contractor’s bid, is $620,943.50, The value
of work now done, according to the Engineer’s approximate estimate of October
21, 1881, is $133,268.19.

The contract has not been surrendered; but the work is not now, nor has it
been for some time past, progressing in o satisfactory manner. In view, how-
ever, of the fact that the Dorchester-Bay tunnel could not be completed in the
time originalily intended, your committee have not until now thought it neces-
sary to take vigorous measurcs to forward the completion of the Poland con-
tract. Arrangements ate now in progress whbich, it is intended, shall result in
an energetic proseculion of the work in the future.

For the Committee,

LUCIUS SLADE,
Chatrman,’
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1881, THE CARSON CONTRACT.

The Committee nn Improved Sewerage, who were directed to report what
part'of the work under their charge is being constructed by day-labor, in differ-
ent sections of the city, under the superintendence of H. A. Carson, beg leave
to report that Mr. Carson i8 superintending the construction of two sections of
sewer, both in Albany Btreet. One i3 an extension of the suuth-side intercepting .
sewer in Albany Street, from its present terminus at Dover Street, through
Albany and Lehigh Streets to Federal Street; the other is a sewer whiclh takes
the drainage of the Hampden and North1rnpton Street districts, and conveys it
to the intergepting sewer.

For the Committee,

LUCIUS SLADE,
Chatrman.

An order was introduced in the Board of Aldermen at their meet-
ing April 11 (see City Council Proceedings, p. 214) requesting
the Commitiee on Improved Sewerage *‘ to submit in print a full
and explicit account of all the circamstances attending the negotia-
tions for pumping-engines, particularly with reference to the rejec-
tion of the engines made by Mr. George H. Corliss, and alleged
to Iave been Dbuilt under the implied contract with said commit-
tee.” This order, after considerable discussion, was rejected by the
Aldermen, but was afterwards reconsidered and passed.  (Sce
Proceedings, pp. 295, 316, 322.) The report of the committee not
appearing, a second order calling for the report was presented at
the meeting of the Aldermen October 10, and passed, but was indefi-
nitely post:pdued in the Common Council November 10; and the
same action was talen by the Council regarding orders adopted by
the Aldermen for the appointment of a special committee to prose-
cute the investigation ealled for in the previous order. (See roceed-
ings, pp. 662, 663, 724, and 681, £90.)

An order was introduced at the Aldermen’s mcetmg November 7
proposing the appointment of a commission, consisting of three per-
sons, who, in conjunction with the Superintendent of Sewers and the
City Engincer, should constituie **a board to be known as Sewer
Commissioners, who shall take charge of all matters pertaining to
the Sewer Department of the city, including the construction-of the im-
proved system of sewerage.” (See PLOCGEdeS, p. 722.) This order
was referred to the Special Committee on Commissions and Boards,
who reported, November 28, in favor of the establishment of a Board
of Commissioners, consisting of three persons, one to be appointed
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by the Mayor and one to be elected by the City Counncil 1881,
from each of the two branches, ** said Board to have charge
of . all matters connected with the constrnction of the improved sys-
tem of sewernge.” But tlhe municipal year being then so near its
close the whole subject went over by reference to the next City
Couneil.

The committee were appointed in 1882 and resumed work 1882,
under authority conferred upon them by the usual orders.

An order was passed March 25 requesting the Board of Health
Y to consider and report whether the proposed discharge of scwage
into Dorchester Bay will be prejudicial to the health or comfort of
the inhabitants of South Boston.” In pursuance of this order the
Board of Health submitted their report upon the subject April 27,
After referring to the surroundings of Old Harbor Point, the pro-
posed point of discharge of sewage into the Dorchester Bay, and the
various attendant circumstances that should be taken into consider-
ation in discussing the question, the Board state that —

There will, in this case, he some deposit of sewage sludge about the outfall of
the sewer and for a short distance from it; and, in time, it will undoubtedy be
the eause of a local nuisance. But that this sewayge will make its way across
the channel and find lodgment on South Boston flats, or that the result of collec-
tion at the sewer outfull, in two or three years, will be sufficient to reach and
harm or discomfort the inhabitants of South Boston, is improbable. If, on the
other hand, discharge is made into the channel at the end of the picr, for two or
three years, and only on the cbbing of the tide, there is ne reason to expect any
effect, local or diffused, which will be prejudicial to the health or comfort of the
inhabitants of any section of the city or adjoining territory. On the contrary,
we have every reason to say that the immediate use of this intercepting sewer is
not only necessary to relieve the wretehed unsanitary condition of other parts of
the city, but that its use will materially improve the sanitary condition of South
Boston itself. (See Procecdings, 1882, p. 222.)

T'he report was referred to the Committee on Improved Sewerage,
with instructions to give a public hearing on the subject. Opposition
was immediately developed to the proposed scheme of discharging
the sewage into Dorchester Bay. A remonstrance from the Boston
Asylum and Farm School at Thompson’s Island was received May
1, and referred to the committee.

While the matter was under consideration by the commitiee, some
of the citizens who were opposed to the scheme applied {o the
Legislature for relief, and procured the passage of the following
act forbidding the discharge of sewage into Dorchester Bay : —
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1882, ’ [Citarrer 256.]

AN AcT Fom THE PRESERvATION oF BostoN Harnor, axp or THE Pumnuic
Heavrn vy tue Crry or BosroN,

Be it enacted, ¢le., as follows : — .

SecrioN 1. No part of the ¢ontents of the main gewer, now or hereafter to he
constructed, running south-casterly from the direction of Charles River in the
city of Boston, shall be discharged ag or near the shore of the Calf YTasture, so
called, in Dorchester Bay, or at any place in Boston Harbor or vieinity except
at Moon Island. The Supreme Judicial Court, or any justice thereof, upon the
petition of not less than tem taxable inhabitants of the city of Boston, may
restrain by injunction, or otherwise, any violation of the provisions of this act.

SecT. 2. This act shall tuke effect upon its pussage. [Approved May 26,
1884.]

By the passage of this Act the action of the committee was antiei-
pated, and they were relieved from further cousideration of the
subject.

At the meeting of the Aldermen April 17 the committee made ave-
quest for an additional appropriation of $1,500,000, A statement from
the City Engineer accompanied the committee’s request, and as it
describes the condition of the work at that period, and sets forth in
detail the various canses that had operated to oceasion the necessity
for an additional appropriation, it is herewith presented : —

Ix Boarv or Anvrruew, April 17, 1882,
The Joint Spectal Committee on Improved Sewerage respectfully represent
that an additional appropriation will be necded to complete the work under tieir
charge. .
The following is & summary of the state of the appropriation at the present
time: —

APPROPRIATIONS.
Preliminary surveys . . . - . . . §40,000 00
Construction . . . . . . . . . 3,713,000 00
$3,753,000 00
EXPENDITURES.
Preliminary surveys - . . $25,214 22
Construction . . . . . . 2,653,902 37
Amounts carried forward, 42,570,116 59 $3,753,000 00
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Amounts brought forward, $2,579,116 59 $3,753,000 00
‘Less stock on hand . . . . 23,012 12

: 2,556,104 47

Balance . . . . 1,196,895 53

Amount called for by exlstmg contracts . . . 812,982 53

Balance on hand . . . . . . . 8283,913 00

. 1

The estimated amount required to complete the work, in
addition to what is now under contract, is . . . $1,613,134 20

Less balance on hand . . . . . R 283,913 00
Deficit . . . . . . . . . 81,229,221 20

The following is a schedule of expenditures to March 1, 1882, inclusive : —

Intercepting sewers . . . . . . . §552,850 53
Main sewer . . . . . . . . . 590,629 56
Puemping-station . . . . . . . 581,85¢ 16
Sea-walls, Old Harbor pier, et(, . . . . . 143,216 87
Dorchester-Bay tunnel . . . . . . . 383,408 87
Section 3, outfall sewer and reservoir . . . 122,268 35
Connecting with old scwers -, . . , . 22,047 77
Land damages . . . . . . . 68,848 28
Superintendenee and cuntmgencws . . . . 138,882 98

Gross expenditures . . . . . . . 82,553,902 37
Less stock on hand . . . 23,012 12
Net expenditures . . . . . . . . £2,530,890 25

There will also be required for settlement of land damages and unsettled
claims, connecting scwers at North Tind, running pumping-engines for temporary
discharge of sewage into Dorchester Bay, and other items of expense not directly
connected with the work of construetion, a sum sufficient, in the opinion of the
committee, to call for an additional appropriation of §1,500,000. .

The accompanying communication from the City Engineer states at length
the reasons for the increased cost of the work above the original estimates. It
will be seen to be ehiefly due to the rise in materials and labor, changes in plans
of construction, rendered necessary to make the system conform to the best
practice of modern sanitary engineering, and the ¢xpense of overcoming unfore-
seen difficulties in the work of construection. Although there is an apparent
balance of $283,913, yet the greater part of this amount is required to complete

)
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1882, work now in progress, and the committee do not feel authorized to
enter upon the new work necessary to utilize that already completed
or commenced until. further provision has been made therefor by ‘the City
Council. :
Respectfully submitted,
LUCIUS SLADE,
WILLIAM WOOLLEY,
CHARLES H. HERSEY,
MALCOLM 8. GREEXOQUGH,
THOMAS J. DENNRY,
FRANK F. FARWELL,
NATHAN G. SMITH,
PRENTISS CUMMINGS.

ATPENDIX.
Orrice or Crry Excixter, Crty Haur,
BosTow, April 14, 1882,

Yo the Jotnt Special Commitice on Improved Sewerage ; —

(IENTLEMEN, — As T am now able to estimate “with approximate accuracy the
finnl cost of the new sewerage system, I herewith submit for your consideration
a statement of the present condition of the improved sewerage appropriation, the
amount already expended, balance remnaining, estimated expenditure in the
future, and the further appropriation whieh will be necessary to complete the
system as proposed. '

By an order, approved June 17, 1876, there waa appropriated the sum of
§40,000 for a preliminary survey, to determine the practicability and approximate
cost of a system of intcercepting sewers for Boston. There was spent for this
survey $25,214.22, leaving a balance unexpended of $14,785.78. By an order
approved August 9, 1877, there was appropriated for the construetion of an im-
proved system of sewerage the sum of §3,713,000. The City Auditor, in his
accounts, united the two appropriations under one head, entitled **Improved
Sewernge,” making the total appropriation on that nccount $3,753,000. As, how-
ever, the balance in cash to be transferred from the approprintion for a prelimi-
nary survey was only $14,785.78, the net appropriation available for Tmproved
Sewerage construction was §3,727,785.78

Mnarch I, 1882, there had been expended, chargeable to Improved Sewerage,
the sum of $2,530,840.25, leaving a balance of §1,196,895.53. At the same time
there existed contracts calling for payments in the sum of $012,982.53. Ths
sum deducted from the balance of appropriation remaining leaves a second
balance of $283,913, which is the amount available for construction not covered
by cxisting contracts.

The estimated cost of such construction, necessary to complete the system, is
$1,612,184.20. Deducting fromn this sum the available halance of $283,913,
there is left $1,329,221.20 to be provided for otherwise than from the present
appropriation.
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That the committee may understand why the work has cost s much
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1882,

more than was at first estimated I present herewith a comparison of
the estimate of July, 1877, with the present estimate, showing the increased
expenditure for each item, and also offer some explanation of the reasons for

such increase : —

Comparison of Estimates of July, 1877, and March, 1882.

. Estimates Xstimates
Irzas. July, 1887, | March, 1832, Tnerease.
Intercepting sewers . « + « . . . . . PR $700,000 00 $£301,250 53 £65,250 33
Maineewers . . . . . 00 - a0 e - 565,000 00 595,389 47 30,180 47
Pumph‘lg-smﬂan, filth-hoist and forc¢e-maine . 390,000 00 999,857 25 600,857 25
Bea-walls, filling, shaft-chamber, tlush-tank,
ete. . ..., . Ve e e e e e e e e, . 155,000 00 360,651 03 203,651 93
Qutfail sewer, including tunnel . . . . .. . #48,600 G0 1,150,415 47 284,416 97
Rewervolr and counection . . . . . . . . .. 431,000 00 505,045 72 74,045 T2
Outlet spwers, pler, boX sewers, ete. . + . . . 92,000 00 100,000 00 8,000 00
Dwellings ot Moonp Island , . . .. ., ., . 20,000 00 20,0000 {. . 0. 0.
Connecting existing sewers . . . . . . . . . 100,000 00 120,000 00 20,000 00
43,307,000 00 $4,632,640 87 $1,325,640 87
Buperintendence und contihgeneies . . . . . 330,700 00 368,529 95 47,820 95
- $3,637,700 00 5,001,170 852 $1,403,470 B2
Landdamages - - -« « <+ - . . P 75,000 00 18,843 28 3,848 28
TOtl v v e e e e e e e e oo | $3,712,700 00 | $5,080,010 10 | £1,367,319 10
Deductstockonhand . . . v, o .. 0, o0l .. 23,012 12 23,012 12
Estimated total ¢ost and increase over esti-
mute 0f JULY, 1877+ « ¢ « 4 4 v ow v v wwoa|e o v v v oo | 85,007,000 08 | $1,344,306 03
Deduct oxcess of net aphropriation over esti- .
mates of July, 1887 . . .. Lo oL oo e oL PR 15,085 78
Estimated defieit in appropristion. . . . . .. « . . oo o0 o0 L. .| @1,329,221 20

INTERCEPTING SEWERS.

The increase in this item amounts to abont 134 per cent., and ia wholly due to
the inerease in cost of labor and materials.. The cost of a sewer depends almost
‘entirely upon the prices paid for common labor and for bricks and cement. At
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1882. the time the original estimate was made these prices were low, and

there scemed no renson to anticipate an early advance. In fact, how-
ever, the whole work of construction has been carried on during a rising market,
and on that nceount the contractors, almost without exception, have lost moncey.
QOne-half in number of those having sewer contracts have been unable to fulfil
their contracts, and several have gone into bankruptey. On p. 6 is given a table
of the principal items of cost entering into sewer-building, compating the prices
paid during the firss years of construction with present prices: —

Item. Former Price. Present Price,  Increasc per cent,
Iabor, perday . . . . . 8123 8175 .40
Bricks,per M. . . . ., . 726 11 00 52
Cement, perbbl,. . . . . 90 135 .50
Lumber, per M., . . . . 13 10 ) 15 90 .21

MaiN SEWER.

The increase in this item amounts to but 5 per cent., and is more than covered
by exira work not contemplated by the original estimate. As stated when the
first estimate was made, it was intended to cover the cost of filling 675 feet of
East Chester Park extension to its full width and grade. In fact, 1,700 feet in
length of this street was so filled, and in addition the extension of Mt. Vernon
Street across the Calf Pasture was graded for a length of 4,100 feet. The actual
cost of sewer-construction was below the first estimate. This was due to the
fact that tho contracts for this work were among the earliest let, and nearly the
whole sewer was completed before the extreme rise in prices. The contractors
for three sections of main sewer were unable to complete their contracts, and
one went into bankruptey.

Tumring-StaTioN, BT,

Al
Nearly one-lalf of the increase in cost of the whole system occurs in this
item, and is due, in part, to the higher rates paid for labor and materials, but
chiefly to the fact that the original estimate for this portion of the work was
much too small. The principal items of expense at this point are as follows: —

2 pumping-engines . . . . . . . . $215,000 00
2 b i . . . . . . . . 90,000 DO
4 botlers . . . . . . . . . 38,800 00
Force-mains . . . R . . . . . 17,142 29
Foundations, wells, and filth-hoist . . . . . 314,300 00
Buildings {Architect’s estimate) . . . . . 175,000 00
Chimney . . . . . . . . . 6,250 00
Gates, and other machinery . . . . . . 85,000 00

Total . . . . . . . . . $894,492 29

In addition to the above are the salt-water conduit, the connection-chamber,
and many other minor appurtenances. It would have been impossible to procure
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these necessary items for any approximation to the $390,000 pro- 1882,
vided by the first estimate,

The work at this point has been done by day’s labor under a superintendent
appointed by the committee. Work done by the day is usually more expensive
than contract-work; but it is also, usually, more sure, safe, and thorough. It
may be doubted whether excavations of such magnitude, depth, and difficulty
could have been made by contract without a single aceident or mishap, or whether
such thorough workmanship could have been obtained except by the method
employed.

Sea-Wars, Frusuine-Tank, Etc,

The increase in this item is very karge, and is due to a radical change of plan
adopted shortly after the first estimate was made. That estimate contemplated
a tunnel-shaft on or near the main land. Tt was decided, however, in order that
the tunnel might be wholly in rock, and also that the sewage, before entering it,
might deposit any heavy matters held in suspension, to build the shaft 1,200 feet
or more from the shore. At this point it was practicable to reach bed-rock. To
convey the sewage to the shaft it was necessary to build elevated sewers, sup-
ported by a pier extending from the shore out to and arcund the shaft. The
increase in this item represents very nearly the cost of this pier.

QurraLl, SEweR, INcLuDING TUNNEL.

The work covered by this item was originally let for a sum within the first
estimate ; but the rise in prices obliged the contractors to abandon their contracts,
and the work had to be relet for prices much greater than the previous oncs.

RESERVOIR.

This work also was let for a sum within the original estimates, and has been
relet at greatly advanced prices. The cost of the reservoir proper has been
somewhat lessened by leaving off its roof, which was at first thought necessary.

On the remaining items the increase is slight, and is due to the general causes
mentioned before. In the original estimate the item ¢ Superintendence and
contingencies™ was made equal to 10 per cent. of the estimated cost of the
work. For the work already done the amounts chargeable to this account are
less than 6 per cent. of the expenditure. Should a similar rate be maintained
there will be a gain in this item instead of a loss, but for a conservative estimate
it has been assumed to be 10 per cent. on future work.

It is believed that the present estimate is ample to complete the system as
proposed.

This estimate is bascd on the present rate of wages and price of materials,
Sheuld, therefore, any considerable advance in these occur, the expenditure for
work not already contracted for will be correspondingly increased. This
estimate does not include the cost of running the pumping-engines longer than
will be necessary to thoroughly test them, nor doesit include any extraordinary
contingencies, such as expensive lawsuits, heavy payments for land damages, ete.

Respectfully submitted,
HENRY M. WIGHTMAN,
City Engineer.

.
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1882, The matter was referred to the Committee on Finance,
who reported favorably thereon in a report presented to

the Board of Aldermen April 24, They recommended that the
required amount of $1,500,000 be raised by loan, and the orders
for the purpose, accompanying their report, were adopted May 13.

An order was passed September 19 authorizing a moedification of
the contract with N. F. Palmer & Co., for furnishing pumping-engines
at Old Harbor Point. ‘

The following order was passed November 17, buat the com-
mittee failed to present any report in response thereto: —

Ordered, That the Committee on Improved Sewerage be requested to consider
and report upou the expediency and cost of constructing a temporary wooden
conduit, or otherwise connecting the IDorchester-Bay tunnel with Squantum
Point, for the discharge of sewage in that locality, until the reseevoir at Moon
Island is completed; also, if expedient, to report the time required to construct
and put in operation such temporary conduit or connection.

In 1888 the work of the Improved Sewerage was referred
1883, to by Mayor Palmer, in his inaugural address, as fol-
laws : —

The city is to be congratulated on the approaching completion of the New
and Improved System of Sewerage. Speaking generally, it may be said that
*the whole system will be sufliciently advanced during the coming year to be
made available for removing the most noticeable canses of nuisance in our
present sewerage system.  There will then remain to be built extensions of the
intercepting sewers, to take the sewage from the north end of the city proper
and the easterly portions of Scuth Boston. The work thus far has cost some-
what more than was at first estimated, owing to the greatly enhanced prices of
labor and materials since the preliminary estimates were made.

The total expenditures chargeable to this account, including the draft for
January, 1883, is $3,388,045.89.

The committee were appointed at the commencement of the year
1883, and resumed work under authority of the orders passed by the
City Council in the costomary form.

A petition was received in the Board of Aldermen March 26 from
Charles Linehan for relief under his contract for building Section 4,
and claiming compensation for extra work., The petition was referred
to the committee. ,

An order was passed June 30 to cancel the bond of R. A.
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Malone, the contractor for building the Dorchester-Bay tun-  1883.
nel, upon lis releasing all claims against the city on account
of his contract.

Also an order to pay C. W. Pawrker & Co. the smn of 825,000,
from the amount retained on their contract for building Section 3,
ountfull sewer, and Moon-island reservoir; and, by an order passed
December 15, o further allowance of $30,000 was made to said
Parker & Co.

The following order was introduced in the Commen Council
March 8, and, after provoking counsiderable discussion, was passed
March 14: —

Ordered, That in the employment of laborers by the Committec on Improved
Sewerage there shall be no diserimination made against any residents of
Boston.

No other matters of importance were acted upon by the City
Council this year.

At the meeting of the Board of Aldermen December 31 Alderman
Lucius Slade, the chairman of the committee, addressed the Board on
the subject of the practical completion of the works and their going
into operation the following day. He gave the following history of
the work: —

Mr. Crarman, — To-morrow, the first day of January, 1884, the improved
system of sewerage will go into operation, and, as I have been connected with
the work, as a member of the committee, ever since the construction was eom-
menced, [ may be permitted to make a statement in regard to this great under-
taking. In the first place let me say that the committee felt that it was desirable
to put the system into operation at the earliest possible moment. And, there-
fore, although much remains to be done before the original plan will be comn-
pleted, they decided to start the works at this time.

This scheme of improving the sewerage of the city was the outgrowth of a
feeling of general dissatisfaction with the practice of discharging sewage into the
docks and upen the flats surrounding our water-front, thereby ereating a great
and constantly increasing nuisance, which threatened soon to become intolerable,
and also from the fuct that it had become the conviciion of scientific men that
the practice of retaining refuse-matter in tide-locked sewers, from which noxious
gases were gencrated that penetrated into our houses, was rapidly increasing the
death-rate of the c¢ity, this inerease being due to the prevalence of what are
known as ¢ fiith diseases,” which are directly traceable to emanations from de-
fective sewers,

The first step toward the improved system was taken in 1873, when the
Committee on Sewers were requested to examine the existing system and report
what measures were necessary for the public health. The committee reported
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1883, that everyihing which appeared to them necessary to the publie health
and convenience would be earried out by the Scwer Department as
soon ag it was possible and expedient. ’

Here the matter rested until 1875, when the Mayor was authorized to appoint
a commission to present a plan for an improved system of sewerage, and Messrs,
L. 8. Chesbrough, Moses Lane, and Dr. C. F. Folsom were appointed convmnis-
sioners. Messrs., Chesbrough and ILane were engineers, eminent in the pro-
fession, and Ir. Folsom was a scientific expert on the subject of sanitary
maiters, being recognized as one of the highest authorities on that subject. In
1876 the commissioners made their report. They pointed out the evils which
existed in consequence of the wny In which our sewers had been built, withont
a definite comprehensive system.  They sct forth the necessity of carrying the
sewage away from the city before it had an opportunity to become dangerous to
health by putrefaction. They showed that there were three ways in which we
fuiled to accomplish this. First, the refuse did not always pass from the house-
drainsg into the sewers, beeause the latter may be filled at high tide; the sewage
may even be foreed up the drains into the houses.  Secondly, the sewersare not
emptied promptly, because the tide or the tide-gates prevent it. In such case,
the sewage being stagnant, a precipitate falls to the bottom of the sewer, and the
slow and gradoal emptying of the sewer as the tide falls does not produce scour
enough to remove it.  This depesit remains with little change, in some places,
for many months. Third, when the sewage once reaches the outlets of the
sewers it is again delayed there, to decompose and contaminate the air. They
enunciated, as the cardinal principle of good sewerage, that the sewage should
start from the houses and go in o continuous current, without stopping until it
reaches its destination, either in deep water or upon the land.

To accomplish this result, after an exhaustive consileration of the subject,
the commissioners recommended the present intercepting system, or, as it is
better known, the inproved system of sewerage, The opinions of these eminent
pgentlemen, expressed after a thorough study of the situation, attracted universal
attention, and called for prompt action on the part of the City Council, Their
report was referred to a Joint Special Committee, who in due time reported the
orders necessary to earry the recommendations into effect.

Application was made to the General Court for the required legislation, and an
act was passed authorizing the city to lay and maintain a main sewer discharging
into Boston Harbor. An appropriation of $40,000 was made for the purpose of
making preliminary surveys and preparing plans, cte., and an engineering force
was immedintely organized to make the surveys. In 1877 the City Engineer
reported the resnlt of the surveys. He indorsed the recommendation of the
commissioners in regard to locating the works at Old Iiarbor Point and Moun
Island.

The committee reported to the City Council in favor of constructing the
works in aceordanee with the recommendations of the Engineer, and u loan of
$5,713,000 was authorized. T'he commitice soon after advertised for proposals
for constructing certzin portions of the work, and the first contracts were
awarded on October 9, 1877.

In order to combine the rcsults of the best engineering practice of this
country and Europe the City Fngineer was granted leave of absence, for the
purpose of visiting Europe and studying the different forcign systems, This
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visit led to radieal changes in some portions of the pians, all of which 1883.
tended greatly to increase the efficiency of the works; and it is be-

Jieved that the system now about to go into operation is the most perfect of its
kind in existence.

A statement of the diffienlties tncountered and overcome in the construction
of this great work wonld oceupy too much of your time. * It is sufficient to say
that in the course of the work problems were presented which were new to engi-
neering science, and which required the greatest talent and skill to solve
successfully. That this was done is ample proof of the ability of those who had
charge of the work. Let me briefly, and without going into technicalities,
endcavor to give a deseription of the system which s now about to go into
operation, and which is designed to carry out the recommendation of the
commissioners, ag expressed in the report I have already alluded to,—the
immedinte removal of sewage from the vicinity of our habitations.

‘I'he Improved System of Sewerage may be divided into four principal parts : —

1. The main and intercepting sewers, which convey the sewage to the pump-
ing-station. i

2. The pumping-station, where the sewage is raised.

3. The outfall sewer, by which the sewage is conveyed from the pumping-
station to Moon Island,

4. The reservoir at Moon Island, in which the scwage is to be stored, and
from which it is empticd during the carly ebb tide. '

The intercepting sewers follow the marginal streets of the city as far as prac-
ticable, and, intercepting the existing street sewers near their outlets, convey
the sewage to the main sewer, which cxtends from the junction of Camden
Strect and Huntington Avenuc to the pumping-station. The cxisting street
sewcfs are joined to the intercepting sewers by small branches provided with
gates to regulate the flow. The old outlets of existing sewers are, for the most
part, kept open for use as storm overflows, those below tide level being provided
with gates to prevent the tide from flowing in. The intercepting sewers are
provided with flushing-gates for cleansing purposes, and with manholes and’
ventilating shafts at frequent intervals. Regulating-gates are also placed at.
their junction with the main sewer, to control the low of sewage,

The main and intercepting sewers are about 15 miles in length. The
sewage flowing into the intercepting sewers from the street sewers is conveyed:
in a continnous strenm to the pumping-station at Old Harbor Point. At the
pumping-station the sewage when it leaves the main sewer first passes through
the filth-lioist, where ali floating objects which would be liable to injure the
pumps are intercepted. It then passes into the pump-wells, and from them is
raised by the pumping-engines to a height of about 40 feet, and discharged
through iron pipes inte the connection-chamber, which forms the beginning of the
tank sewer. The tank sewer is the commencement of the ontfall sewer. It
reccives and conidnets the sewage to the west shaft of the Dorchester-Bay tunnel.
Here the sewage descends the west shaft a distance of about 160 feet, and
pursues its course under Dorchester Bay until it reaches Squantum, where it
rises to about its former level into ancther section of the outfall sewer. This
tunnel wag practically the key to the whole scheme.  Here is where the.greatest
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1883, difficultics met with in the course of the work were encountered and
.suceessfully overcome, in spite of the prophecies of those doubters
who believed that the construction of such a work was impossible.

These difficulties will never be fully appreciated except by those who watched
the progress of the work from day to day, as I, in the eapacity of chairman of
the committee, was compelled to do. It may well be imagined that the drifting
of a tunnel for a distance of about one mile and a quarter through solid rock, at
a depth of 150 feet below the surface of Dorchester Bay, was a work which
demanded indomitable energy and perseverance to earry it to g successful con-
clusion. When it leaves the tunnel the sewage passes through another section
* of the outfall sewer which conducts it to Moon Island.

On account of the difficulty of getting a suitable foundation this part of the
scwer is not yet completed, su for the present the sewage will be conveyed to
Moon Island in a temporary wooden flume constructed for the purpose. On
arriving at Moon Island the sewage reaches the Reservoir Division. During
the three hours of ebb tide it flows continuously through the outfatl and dis-
.charge sewers into the tidal currents, which convey it beyond the limits of the
harbor. If received at any other time it is siored in a massive masonry reservoir,
covering 44 acres of ground, and having a capacity of 25,000,000 gallons, where
it is retained until the ebb tide, and then, together with sewage flowing in the
outfnll sewer, iz discharged into the chaonel

Next to the water-works, the system of sewerage which we put into operation
to-morrow is the most important public work cver undertaken in this eity, both
as regards its magnitude and the purpose it is intended to nccomplish. 1t is the
only work of the kind on this continent, and if it succeed, as I believe it will,
in removing the evils from which we have so long suffered, it cannot fail to
prove a great benefit to the community. T am alse glad te be able to aay that
no additional appropriation will be required to complete the work.

I have watched the progress of the work from day to day, and can testify to
the faithful manner in which it has been done, and [ also wish to express my
appreciation and admiration of the talent and courage displayed by Mr. J. P.
Davis, our former City Engincer, and his successor, Mr, 1II. M. Wightman, in
overcoming alb difficulties and earrying the work forwurd to a successful termi-
nntion.  Nor should I forget to bear witness to the ability and faithfulness of Mr.
1. €. Clarke, the principal Assistant Engineer, and Messrs, S. H. Tarbell and
II. A. Carson, the Superintendents, wiho have contributed so much to the aatisfae-
tory performance of the work. I c¢an conceive of no more valuable or useful
New-Year’s gift that could be made to the public than this great work, a work
- which cannot fail to be a great blessing to the community.

Mayor Martin referred to the Improved Sewerage Works,
1884, in his inasugural address before the City Council of 1884,

aa follows : —

The main drainage work, or improved system of sewerage, which has been
in process of construction for several years, went into successful operation on
the firet instant. A full deseription of this important work having been lately
given to the public it Is unnecessary for me to enter into details here, The
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practical working of the system will be observed with great interest, 1884,

and if it meet the expectations of its projectors, and relieve the city
from the great evil of defeetive sewcrage, the work will be a monument to the
ability of these who designed and those who constructed it.

The usual order was passed at the beginning of the year for the
appointment of the committee, and authorizing them to resume the
work.

An order was passed March 8 providing ¢ that the expenses
incurred by the committee in maintaining and operating the works
under their charge be paid from the appropriation for Improved
Sewerage.”

Also, on March 8, an order was passed to allow the payment of
a further advance of $10,000 to C. W. Parker & Co., in addition to
the amount previously allewed them from the sum reserved on their
contract for building Section 3, outfull sewer, and Moon-island
reservoir.

The following order was introduced in the Common Council,
September 11, and also in the Board of Aldermen Scptember 28,
namely‘:—

Ordered, That the Committee on Improved Sewerage be authorized to pur-
chase o parcel of land in Calf Pasture, near the pumping-station, at Old Harbor
Point, containing 45,709 square feet, ns shown on a plan thereof in the office of
the City Engineer, at the rate of five cents per square foot; the expense to be
charged to the appropriation for Impreved Sewerage.

The order was passed by the Aldermen November 10. Upon
reaching the Common Council it was pretty cavefully considered, and
recommitted December 11 to the Committee on Improved Sewerage
to ascertain and report whether the land in question could be taken
by right of eminent domain. The committee reported December 18,
and presented an opinion of the Cerporation Counsel to the effect
that the city had no aothority to tuke the land for the purposes pro-
posed. The order then went over by assignment to the last mecting
of the Common Couneil, January 1, 1885, and a motion made at that
meeting to take it up for consideration was lost.

An order was introduced in the Common Council June 12, 1884,

by the committee authorizing them to purchase of Paul Butler and
Henry W. Hunt the tract of land known as Squantum Head for the
sum of $47,000. The committee were divided, however, regarding
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1884. the expediency of making the purchase, and the order,
after being pretty thoroughly discussed, was finally re-
jected June 19.

A communication was received from Henry Guild, by the Board of
Aldermen, September 20, calling attention to an alleged nuisance, by
reasonn of the very offensive odor from the sewage at Moon Island
and Squantum. The communication was referred to the Committee
on Improved Sewerage, and they snbmitted a report on the subject,
October 13, stating that the odor complained of nndoubtedly came
from a small cove adjacent to the mouth of the discharge sewer, and
cxtending to Moon Island; that the sewage-matter was carried into
this cove by the water currents, and when the flats were exposed at
fow tide the offensive odor arose. 'They recommended as a remedy
for the evil complained of that a dike be built across the entranceto
the cove, at an estimated cost of $25,000. ‘There being no provision
in the Improved Sewerage appropriation for the extraordinary ex-
penditnre of snch an amount, the report was referred to the Commit-
tee on Finance to provide the required sum; but that committee
fuiled to report npon the subject.

An order was passed October 25 to pay to the Builders’ Tron Foun-
dry of Providence, R.I., an jnstalment of $3,300 from the amount
reserved on their contract for furnishing machinery for the east shaft.
An order was puassed December 29 requesting the Mayor *to
petition the General Court for authority to take from time to time .
such additional ‘lands as the City Council may deem necessary for
the purposes of extending and carrying out the system of improved
sewerage,” and also December 29 wn order austhorizing the commit-
tee to arrange for a visit of the City Council to the works, Tuesday,
the 30k of December. Other matters presented to the City Council
were simply claims of laborers and others.,

President John H. Lee, of the Common Council of 1884, in his
‘aledictory address to that body, thus refers to the Improved Sew-
crage works : —

The new intercepting sewer system was put in operation January 1, 1884, and
has so eontinuwd during the year. Certnin of the higher level sewers of the
gystem, which were not built when the works were started, have been completed
the pnst season. The permanent buildings at the pumping-station, and much
other work at that piace and at Moon Island, have also been finished during the
same time. With the exception of the erection of.the east shaft pumping-
machinery, removal of old baillings, finishing of roadways and grounds, and
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some other minor details, the whole work may be said to be substan- 1884,
tially completed.

The year’s operation of the system has demonstrated jts efficiency in relieving
the docks and bays from the nuisances formerly caused by the disecharge of
sewage into them, and in preventing the damming up by the tide of the city
sewers, by which, during the greater part of the day, they were converted into
stagnant cesspools. The system, although not designed to prevent wet cellnrs
in the low sectivns of the city, has, nevertheless, relieved to a great extent the
districts which formerly suftfered the most from this cause.

Careful examinations made from time to time, during the year, have shown no
evidence of deposits in the channels of the harbor through which the sewage
discharged at Moon Island is conveyed to the sea by the tidal currents, nor is
there any evidence of its fouling the shores of the islands or main lands in its
passage. '

The tunnel under Dorchester Bay, which it was thought might be impaired in
its efficiency by deposits of sludge, is appagently free from such aceumulations,
or, if they exist, they do not furnish any appreciable obstacle to the flow of the
sewage through it.

It would not, however, be safe to run this important section of the system
without provisions forits periodical examination; and for this purpose the puinp-
ing-machinery for emptying it, which is-to be crected at the cast shaft, has been
purchased, and is in readiness for setting up ag soon as the rights to take the land
necessary for the purpose can be procured.

Notwithstanding the complicated natere of the machinery and constructions
connected with this new system of works, every portion of them has worked,
from the start, on January 1, in the most efficient manner. No accident has
occurred of any importance, nor any of any kind which has delayed or pre-
vented the working of the system for a day. Of course this is lurgely due to the
careful and intelligent management of the works, for which the Engineer's
Department is responsible, under the direction of the Joint Special Committee
on Improved Sewerage.

Mayor Hugh O'Brien referred to the subject in his inau-
gural address to the City Council, January 4, as follows: — 1885,

The Improved System of Sewerage, or, as it should be more properly called,
the Main Drainage System or Works, which has been in process of construction
since October, 1887, is practically completed. Although certain poniions of the
works were unfinished at the commencement of the year it was decided to put
in operation the completed portions on January 1, 1884. The pumps were,
therefure, started for continuous duty on that date, and have run without inter-
ruption singe. The results of the year's operations have been very satisfuctory.
The sewage of the city has been removed from places where it formerly created
nuisances, and has all been dizcharged into the outer harbor at Moon Island,
The water in the bays and docks around the e¢ity has again become pure, as
evidenced by its being frequented by fish, which for years have been unable 1o
live in it on account of the sewage contamination.  The offensive odors formerly
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1885, prevalent over the city (nring the summer were not noticed during the
past season, Inmany portions of the city the cellars have been relieved
from the pericdical flooding cansed by the surcharging of the sewers during storms
and by the leakage into them of the tide-water ; and, although the system was not
built as a remedy for this evil, it furnishes a means by which it can be remedied
in the future. Although the operation of the new system has been satisfactory,
even more so than could have been anticipated, in view of the magnitude of the
works, the complication of the machinery for operating them, and the difficulties
inherent in every new work, yet the benefit to be derived from it is not so com-
plete as it should be.  The old system — if such a combination of sewers, many
of which are badly designed and defectively constructed, can be called a system
— i3 in such a condition that the scwage, before it reaches the intercepting
sewers of the new system, is full of noxious gases. These gases are given off by
the sewage in its passage to the intercepter and during its flow through it, and find
their way into the housces and strects, carrying with them the germs of disease.
No remedy short of entire reconstruction of the defective sewers will prove
effective.  Some of them discharge at points too low to be intercepted, or even
to empty at erdinary low tide; some of them have too slight a gradient to prevent
deposits; and some of them have settled in such o manner as to make pockets
into which the sludge scttles and decomposes.  That a system of sewerage shall
be so construvted ns to convey the contaminated fluids emptied into it to the
point of discharge before decomposition has rendered them dangerous is an
axiom of sanitary cngineering.

In thie Main Drainage Works the city has the basis for the best system of
sewerage that modern science has yet been able to devise for similerly situnted
cummunities, and it shonld complete the work by adapting the old system to the
new, 50 as to form one harmonious whole. To eftect this a complete survey of
the old sewers should be made, and, after a thorough study of the subject, plans
should be devised for remedying the defects mentioned.  The reconstruction of
the defective portions of the system must necessarily be gradual. In the mean-
thme the question arises, * Under whose direction shonld this work be undertaken,
and in whose charge shall the new work be placed?” It seems proper that the
new system should remain as at preseat, under the immediate supervision of
the Engineer’s Departinent, as its successful operation depends upon intelligent
engincering care, which ean best be given by those who have constructed it
It wonld also appear that the Engincer’s Department is the proper department,
under the city ordinunces, to make the surveys and plans for adapting the old
gystem to the new, and to have charge of such constructions as may be required.
Admitting these views of the subjects, why should the sewerage system of the
city be under two independent heads? It is notto be expected that they will
work in harmony, nnd by their inharmonious working the city is subjected to
unnecessary expense jn the construction of sewers which may have to be
rebuilt to conform te a proper system. ' .

Under whatever Board, or commission, or committee, the sewerage system
may be put, the entire work should be in the immediate charge of the Engineer's
Department, as it was previous to 1869; and that department should be held
responsible for all constructions connected with it. It should aisu be remnem-
bered that the new Main Drainage Works contemplate, and were designed and
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buile for, a high-level sewer, which should intercept the sewage of the X885,
high portions of Dorchester, Roxbury, ete., and convey it to Squantuin,

where a connection-chamber has been built, and beyond which point the system
is large enough for both the low-level and high-level sewage, except as to reser-
voir eapacity, which is to be made larger. In order that the sewerage system of
thiese high-level districts should be properly designed and executed, this pro-
vigion in the new Main Drainage Works should be berne in mind, and, that a
great deal of unnecessary expense in this direetion may be avoided, a careful
survey and study of the whole of these districts should be made, and any sewers
built should be so constructed as to be, ultimately, the most cconomieal for con-
neetion with the high-level sewers of the Main Drainage Works.

The special committee was :11-)1)0intcd, as usual, to take charge of
the work, and by an order passed February 12 they were authorized
to operate the Main Drainage Works! during the year. '

The portion of the Mayor’s message above quoted was referred, on
recommendation of the Committee on Mayor’s Address, to a special
committee, consisting of Aldermen Allen and Mullane, and Council-
men Brown, Denney, and Keliher, to consider and report upon the
expediency of consolidating the Tmproved Sewerage and Sewer depart-
ments. Their report was presented to the Aldermen at the meeting
June 8, and in it they state that —

They have given the subject carcful consideration, and have listened to the
views of the officials and committees in charge of the two departments. The

1Henry M. Wightman, the City Engineer, died April 3, at 8.30 P.M. He had held the
pesltion sinee 1880, Leing elected to fill the vacancy in the office occasioned by the resignation
of Joseph P, Davia. I'rior to 1880 Mr. Wightman occupied the position of Assistant Engineer
for n number of years, snd had served the city in humbler positions, conneeted with the Engi-
neer’s Department, since his boyhood. He was closely identified with the Maln Idruinnge Works,
and the most diffienlt and lmportant portions of the work were carried forward under his direc-
tion. He was o man of murked ability, and thoroughly devoted to hie dutles, and by his death
the city austained the losa of & valuable and efficient publie official.

The following resolutions of reapect were unanimously adopted by the City Council,
namely : —

Resolved, That the City Council of Boston has learned with gorrow and regret of the death
of Ilenry M, Wightman, City Englneer.

Pesolved, That the ity Council hereby cxpresses its appreciation of the long-continued and
valunble services rendered by My, Wightman to his uvative city. Hia ability and fidelity have
been eonspicuous throughout his ofiteial caraer, and his public gservice has been characterized by
tho strletest Integrity. The lmportant engineering works which he haws succesefully compleied
will endure as publle memoriuls of his profeselonal skill, while the recollection of the sterling
and admirable traits of churacter which be possessed in such an eminent degree will be cher.
iahed io the memorles of all who have been connected with him in the public service.

Resoleed, That the City Clerk be instructed to transmit o copy of these rerolutions to the
family of the decvased.

(See Proceedings, pp. 243, 208.)

Willinm Jackeon wus clected City Engineer, 1o filll the vacancy oceasioned by Mr. Wightman’s
death.
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1885, genernl sentiment, as expressed by the gentlemen who appearcil be-

fore the committee, was in favor of conselidating the two departments,
although they did not state exactly the time or the manner in which the con-
solidation should be cffected. Your committee, on their own part, conenr sub-
stantially in the opinion veiced by the representatives of the two departments,
and they would accorilingly report that, in their opinion, the consolidation should
take place at the carliest possible time.

The report was accepted by the City Council, and, at the meeting
of the Aldermen June 13, the following order was introduced by
Alderman Weleh : —

Ordered, That the care and maintennance of all sewers now in charge of the
Committee on Improved Sewerage be placed in charge of the Sewer Depart-
ment.

This order was laid on the table, but taken up at the meefing on
July 6 and passed. In the Common Council it was laid ever from
time to time, and, at the meeting December 3, was referred to the
next City Council, and the reference was concurred in by the Alder-
men at their mecting December 7.

The following order was passed March 4: —

Ord'eréd. That the Committee on Improved Sewerage be authorized to sell,
either by public or private sale, as said committee may deem best fur the interests
of the ¢ity, atl the vld machinery, tools, and materials that are no longer required
for the use of the department; the proceeds of said sale to be credited to the
approprisztion fur Lnproved Sewerage.

The following order was presented in the Board of Aldermen by the
commitiee March 23 relaling to a matter that failed of adoption by
the City Couucil of the previous year, namely : —

Ordered, Thnt the Committee on Tmproved Sewerage be authorized to pur-
chase a parcel of land in the Calf Pasture, so called, near the pumping-station
at O1d Harbor LPuint, containing 45,709 square feet, as shown on o plan thereof
in the office of the City Engineer, at the rate of five cents per square foot; the
expense to be eharged to the appropriation for Improved Sewerage.

The order was passed by the Aldermen March 30, and was made
the subject of discussion in the Common Council (see Proceedings,
p. 291) ; but after a visit by that body to the locality, April 30, they.
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concutred with the Aldermen at a meeting on the same 1885,
date, and the order received the Mayor's approval May 5.

At the meeting of the Aldermen March 3¢ the following order to
print the history of the works was presented by Alderman Donovan,
as recommended by the Committee on Improved Sewerage, viz.: —

Ordered, That the Committee on Improved Seweragé be authorized to pre-
pare and print a history of the Improved System of Sewerage, and that 1,500
copies be printed; the expense, not exceeding the sum of $1,500, to be charged to
the appropriation for Improved Scwerage.

The order passed in the Board of Aldermen, but, being amended in
the Commeoen Council, it was indefinitely postponed nupon the return fo
the Aldermen. A new order of the same tenor was introduced at the
meeting of the Common Couneil April 30, and referred to the Com-
mittee on Improved Sewerage. The commitiee reported back favor-
ably thereon May 7, and the order was passed by the Council
on that date, concurred in by the Boavd May 11, and approved May
13. A subsequent order was passed Sept. 22 anthorizing the Clerk
of Committees to prepare and print 1,000 additional copies of the
report, with this review as an appendix, and the number was in-
creased to 1,200 by an order passed October 19,

A request was received May 11 in the Board of Aldermen, from
the Committee on Improved Sewerage, for an additional appropriation
of $250,000, setting forth that such sum wonld be required to com-
plete the work. {See Doc. 62.)

The matter was referred to the Committee on Finance, who reported
back May 25 recommending the negotiation of a loan to the amount
of $200,000, and the required order was passed June 9,

The Titus claim, which has become somewhat celebrated, was in-
troduced at the meeting of the Aldermen April 20, in the form of a
petition of Lillie Bs Titus and another, asking that the sewerage works
at Moon Island be properly fenced, and this petition was reforred to
the Committee on Improved Sewerage. The committee made a re-
port June 22, in the form of the following order: —

Ordered, That there be allowed and paid to Lillie B. Titus the sum of $15,000,
upon her giving to the city a release and discharge, satisfactory to the Corpora-
tion Counsel, of all claims on account of the taking of a certain parcel of land,
taken as belonging to Barnabas Davis, trustee under the will of James Huckins,
consisting of Jand upon the main land at Squantum, so called, and of Moon
Ysland, and the Little Moon Island, with the beach and flats around and adjoining
the same, and more particularly described in paragraph 3 of City Document 92
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18853, of 1879; and also o conveyance of all her right, title, and interest ino

said real estate; and that His Honor the Mayor be authorized to re-.
lease to said Lillic B. Titus,in a mannersatisfactory to the Corporation Counsel,
all the interest which the city may have acquired by said taking, in Little Moon
Island, and the bars and flats adjacent thercto; the real estate, island, bars, and
flats referred to being shown on a plan made by William Jackson, City En-’
gineer, dated June 15, 1883, and deposited in the office of the City Engincer;'
said sum to be charged to the appropriation for Improved Sewerage.

The order was tabled and the opinion of the Corporation Counsel;
was calied for in relation fo the rights of the city of Moon Island,
ander the order of taking, and the following opinion was received
August 17, viz. (see Doc. 117) : —

Corrorariox Cornger’s OrricE,
2 PeMBERTON SqQuaRg, Bosrow, Aug. 1, 1885.
To the Honorable the Board of Aldermen : —

The order relating to Moon Island and other lands, referred to me by the
Baonrd, proposes to pay L. B. Titus $15,000, and te release to her ¢ all the interest
which the city may have acquired by said taking {of Sept. 19, 1879, City Doc. 20
of 1870) in Little Maon Island, and the bars and flats adjacent therete,” upon’
her giving to the city (Item 1) “a release and discharge satisfactory to the
Corporation Counscl, of all claims on account of the taking of & certain parcet
of land” described in the order; and (Item 2) “conveyance of ‘all her
right, title, and interest in said real estate.”

Referring to Item 1, I have to report that Mrs. Titus has no legal claim
against the city on necount of the taking thevein mentioned, and that the prw'
posed release and discharge of all ¢laims on account of that taking would be of
no value, and should not be regarded as any consideration for the proposed
payment.

That taking was made in 1879. A remedy, and the sole remedy, for damages
therefor, in case the parties could not agree, was provided by the statute, and
even if the ity had paid no damages, all claims under that statute were long since
harred. But the fact is, though not material in law, that the parties did agree,
and the city did pay $25,000 to the owners, who (Mrs. Titus being one of them)
executed a release to the city in which they acknowledged the receipt of snid
sum ** in full compensation for the lands and rights aforesaid, and for all claims
for damages for said taking thercof, and for building said sewer and said Im-
proved System of Sewerage.”

In regard to the second item, namely, ‘*a conveyance of all her right, title,
and intcrest in said real estate,” I observe that the *“ said real estate” includes
Little Moon Island; and the effect of the order, if earried out, would be to give
to the city the fee of that izland, and to Mrs, Titus the rights acquired therein by
the eity, —an exchange of interests which would be of no benefit to either
party. .

With reference to Moon Island, I find that Mrs, Titus derives her title from
the will of James Huckins, through a deed from Barnabas Davig, trustee, which
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‘recites that the cstate conveyed is * subject to the easement and 1885.
rights of the City of Boston, taken in the same fur the purpose of
maintaining a system of improved sewerage, by virtue of the Act of the Legisla-
ture of 1876, Chapter 136.” This leads to the gnestion, What are the rights of
the tity to which Mr, Titug’ estate ia thus subject?

The claim that the ¢ity has only a right of way on Moon Island has no legal
foundation. A great public work was to be undertaken, and the Legislature gave
to the city the right to take such lands as might be necessary toaccomplish that
work, The statute made the city the sole judge of the necessity. In the ex-
ercise of its powers it has taken Moon Island, and has acquired an absolute right
to make all uses of it, directly or incidentally conducive to the advancement of the
‘public benefit contemplated by the statute. The powers of the city in this diree-
tion have not been exhausted. If the city should find it necessary to build other
reservoirs, or to make other uses of the land taken, for purposes incident to the
maintenance of the sewer and the discharge of the sewage, it may do so. Tech-
nicaily, this right is called an easement, but for all purpeses for which the land
was taken the easement is as good as the fee. To illustrate: It is just as large
an interest as the ¢ity acquired when it took lands for the water-supply and works
on the Sudbury River. The question of damages done by the taking is rarely, if
ever, affected by the fact that the fee of the land is not taken. The casement is
regarded as perpetual and practically exclusive. Inthe case of a taking of land

“for supplying a city with water, the Supreme Court, through Chief-Justice
Chapman, has said: “In thus taking the land the company (city) may reserve
tothe owner such rights of way, or vther rights, as they may think proper, and the
record will show that they are reserved. Such reservations may diminish his
¢laim for damages, but no rights which are not thus reserved will exist, A parol
assent that he may have a’right of way, or pasturage, or tillage, may be revoked
by the city; and a present intent of the city to use a part of the land merely for
a cart-way, expressed by mere parol, may be changed at their pleasure. -If they
lay their pipes upen the land they may decide how far below the surface they
shall be laid, and may vary the depth as they shall think proper; and, when they
have dug their ditch for the purpose, they may decide whether or not to fill it,
and make the surface smooth, so that it can be used as a way. And,as they can-
not now foresec what their future necessities or interests may be, it is important
for them to limit their rights as little as possible.  Probably it is with this view
that they have omitted to'make any reservation.” (Ham z, Salem, 100 Mass.,
850.)

I think that the city acquired similar rights by the taking of Moon Island,
and that Mrs. Titus holds the bare fee subject to these rights.

It should be remembered that the city holds this land as the agent of the pub-
lic for the public use for which it was taken, and that land so used’ is not liable
to daxation. If the city should purchase the fee, it would not thereby acquire
the right to use any part of the island for other purposes without rendering the
part so used liable to taxation by the assessors of Quiney, like other real estate
not exempted. When the city took Moon Island it was assessed for $4,500.
In 1883 the valuation was reduced to $4,000. In 1884 the quantity of land was
put down by the assessors at 20 acres, and, upon the petition of Mrs. Titus, the
valuation was aguin reduced to $3,000,
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1885, With reference to the communieation from Mrs, Titus, dated July
16, 1885, I am of opinion that no action is necessary, as the city has
the right to remove earth, sand, and gravel from’one part of the land taken to
another, for the construction of works essential to a proper and convenient dis-
charge of the contents of the sewer. o
Very respectfully,
E. P. NETTLETON,
Corporation Counsel.

In the mean time His Honor the Mayor transmitted the following
notice which lhe had received from the petitioner, viz.: —

To the City of Boston, Ion. Hugh O'Brien, Mayor of said Boston : —

You arc hereby notified that said city of Boston will be held strictly respon-
sible by me for any and all acts of trespass and injury done by said city’s ser-
vants and agents to the real estate belonging to me, and known as Moon Isiand,
sitnated in the town of Quincy, County of Norfolk, and Commonwealth of
Massachusetts; that I refuse to permit said Boston to use or take any earth,
gravel, or goil from said Moon Island, or ehange the present position and loca-
tion of the same, or to dig up or wash away the realty for any purpose what-
ever, either to fill any place or te abate any nuisance at or near said Moon
Island, or at any place.

The said Boston’s easement in said Moon Island dees not warrant any such
use of the soil. You will please take notice that I shall hold said Boston re-
sponsible for all illegal or wrongful acts of its servants and agents, and shall
take such legnl steps to prevent the same a3 I am advised are proper in the
premises. .

I respectfully ask and notify you to stop the trespassing upon and misusing
of said property immediately, and not to use the same for purposes and in a
manner not justified or warranted by said Boston's ensement.

Very respectfully yours,
I. B. TITUS.

Bosron, July 16, 1885.

The whole matter was discussed at length by the Aldermen at the
meetings September 14 and 21 (sce Proceedings, pp. 552, 556,
576, 577), and the original order was passed by the Aldermen,
after being amended by inserting after the word ¢ ler,” in the
second line, the words *¢ vacating and abandoning all suits already
commenced.” '

Upon reaching the Common Council the matter was referred to the
Commiittee on Judiciary, on certain legal questions that arose regard-
ing the anthority of the Common Couseil in the matter. That com-




APPENDIX B. 191

-‘mittee reported the following opinion of the Corporation 1885.
Counsel, Getober 22, viz.: —

CorPORATION CouNsEL'S OFFICE,
2 PEMBERTON SQUARE,
Boston, Qct. 1, 1885,

W. H. H. Eunoxns, Esq., Chatrman of the Judiciary Commillee : —

Dear SIR, —You inquire whether, in my opinion, the order to pay Lillie B.
Titus $15,000 requires for its passage the concurrence of the Common Council.

I answer Yes; first, because it contemplates a settlement of claims against the
city for past action of the City Council, to wit, the taking of land in 1879 for the
Improved Sewerage System ; and, second, becanse it proposes to releasethe city’s
interest in a part of the land so taken, These are questions which are clearly
not within the exclusive jurisdiction of one braneh of the City Council. The
Statute of 1885, Chapter 249; to which reference has been made, has no bearing
upon this order., That statute authorizes the Board to take land; this order
Iooks to a settlement of claims alrcady taken.

In last week’s proceedings of the Council I am reported to have said to Mr.
Fisk that I thought it would not be necessary to have the concurrenee of the
Council upon this order. This was either a slip of Mr. Fisk’s tongue or of the
reporter’s pen. I have not seen Mr. Fisk in thid conneetion, nor have I ever for
a moment hesitated to say that the order would require the concurrence of the
Common Council.

’

Very respectfully,
E. P. NETTLETON,
Corporation Counsel.

Consideration of the subject was resumed at the meeting of the
Common Council November 12, and, after extended discussion, the
order was passed in concurrence. (Sce Proceedings, pp. 718 - 723.)
The order {failed of approval by His Honor the Mayor, and the fol-
lowing veto message, stating the reasons for disapproval, was received
by the Aldermen at their meeting November 16:—

LExrcurive DepartvexT, November 16, 1885.
To the Honorable Roard of Aldermen : —

GENTLEMEN, — I return to the branch in which it originated the order to pay
Lillic B. Titus the sum of $15,000, and submit the following reasons for with-
holding my signature from the same: —

1. ‘The taking of Moon Island by the city in 1879, under the authority of the
Legislature, gave to the eity the right to use it for a1l purposes incident to the
construction and maintenance of the system of sewerage contemiplated by the
Statute of 1876. For all damages incident to that taking, the city, in December,
1881, paid the owners $25,000. They have made no further claim on account of
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1885, that taking, and the Corporation Counsel informs me that it is not
possible to maintain any further claim on that account.

The release of all elaims for such taking, as provided in the order, would
therefore be of no benefit to the city, and ecannot be regarded as any consideration
for the proposed additional payment of $15,000.

2. The ** vacating and abandoning of all suits already commenced ™ is named
in the order as another consideration for the payment of $15,000. There is, in
fact, but ome suit pengding, an action in which damages are claimed for the
removal of gravel and loam from Moon Island, and used in the construction on
the works at Old Harbor Point and Calf Pastures. This c¢laim appears to be
grossly cxaggerated. The City Engineer informs wme that the material removed
was measured, and that instead of there being ‘“tens of thousands of squares,”
as stated in the course of the discussion in the Common Council, there were in
fact but 623 cubie yards of gravel and 5,779 cubie yards of loam so removed;
that is less than 80 squares of gravel, and less than 725 squnres of loam.

The Corporation Counsel informs me that the city had the right to use this
material, and that the action cannot be maintained.

But, supposing it can be maintained, the damages provable cannot exceed
$1,000. When the city paid the owners $25,000, they gave a reccipt for that
sum and acknowledgment ¢ in full compensation for the lands and rights afore-
said, and for all claims for damages for said talkings thereof, and for building
said sewer, and for said Improved System of Sewerage,” and it was fully intended
and understood that the city should be thereby released from every liability to
suit by the owners, for any use it might make of the island in connection with
its system of sewerage, at least so long as no nuisance was created. If more
money is to be paid on this account the order should contain some proviso that
shall protect the ¢ity from future as well as pending suits.

3. ‘There remuins, then, as the principal, if not the only consideration which
the city is to receive for its payment of $15,000, “ a conveyance of all her right,
title, and interest in said real estate.” T am unable to see how the ownership of
the fee in this island ean be of any value to the city. The only use the city has
for the island is in connection with its Improved Sewcrage System. For that use
the rights which it has already acquired are ample. The Corporation Counsel
says in his opinion: ** In the exercise of its power it (the City) has taken Moeon
Island, and has acquired an absolute right to make all uses of it, directly or indi-
rectly conducive to the advancement of the public benefit conteriplated by the
statute.”

Moreover, if the city shonld purchase the fee, it would not thereby acquire
the right to use any part of the island for other purposes, withont rendering the
part so used liable to taxation by the asseszors of Quiney. And, though the valua-
tion was put down by the assessors last year to $3,000, upon the petition of Mrs.
Titus for u reduction of valuation, I do not see how the city could hereafter
object to a valuation at such darger sum as it may volunteer to pay for it. I do
not think it advisable to thus expose the city to an annual tax forever upon a
mere title which will be of no benefit.

4. Irrespective of other considerations, as the city is under no present neces-
sity of acquiring the fee of the island, it seems to me a sufficient objection to the
payment of so large a sum of money, that.the valuation put upon it by the owner
herself before the Assessors was less than $4,000.
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5. There is n legal objection to the order in its present form, which 1.885.
has been before pointed out by the Corporntion Counsel. The convey-
ance, which by the terms of the order Mrs. Titus is to give to the city, includes
the fee of Little Moon Island. This, if carried out, would impose upon the city
an additional- Hability to taxation, while, at the same time, by the rclease which
the Mayor is authorized to make, it would be deprived of the right to use the
island for any purpose whatever. If the order should pass in its present form, T
could not with dune regard to the intercsts of the city, exercise the authority
which it proposes to’ confer upon the Mayor.

Respectfully submitted,
HUGH (’BRIEN,
Mayor.

The Aldermen, however, passed the order by a unanimous vote,
notwithstanding the Mayor’s veto. On reaching the Common Couneil,
November 19, the Aldermen’s action was reversed, and the Mayor’s
veto sustained, and the order rejected.  (See Proceedings, pp. 755-
758.) A new order was, however, introduced af the smmne meeting
similar in form to that which the Council had rejected, as follows : —

Ordered, That there be allowed and paid to Lillie B. Titus the sum of
$15,000, upon her giving to the city a release and discharge, satisfactory to the
Corporation Counsel, of all claims againat said city, and a deed of certain parcels
of land, taken as belonging to Barnubas Davis, trustee under the will of James
Huckins, consisting of land upon the main land at Squantum, so called, and of
Moon Island, with the beach and flats around and adjoining the same, and more
particudarly deseribed in paragraph 3 of City Document 92 of 1879 (excepting
Little Moon Islund, with the flats and bars adjacent thereto), and that his Honor
the Mayor be authorized to release to said Lillie B. Titus, in 8 manner satisfac-
tory to the Corporation Counsel, all the interest which the city may have acquired
by said taking in Little Moon Island, and the bars and flats adjacent thereto; the
real estate, islands, bars, and flats referred to being shown ona plan made by
William Jackson, City Engineer, dated July 15, 1885, and deposited in the office
of the City Engincer; said sum to be charged to the appropriation for Tmproved
Sewerage.

This order passed the Common Council December 10, reached the
Aldermen at their meeting December 14, and was specially assigned
to the next meeting, December 21, and then referred to the Commit-
tee on Finance. That committee reported, December 28, that the
order onght not to pass, and the same date the following notice was
received from the claimant.  The report was aceepted, and, together
with the notice, was sent to the Commion Council, viz. : —

Py
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1885. 7 Bosrox, Dec. 28, 1885,
T'a the Honorable Doard of dldermen, City of Boston:

Some monthg ago a proposition was mnde to me by the Committee on Im-
proved Sewerage looking towards u settlement of my cluim for payment for
material taken by the city from Moon Island, and for the conveyance by me to
the eity of the fee in Moen Island and in other land adjacent thereto.  Theoffer
of 815,000 for an immediate scttlement was made to me Iast May, and I signified
my readiness to accept such sum. ‘The measure was subsequently passed by
both branches of the City Council, but was vetoed by the Mayor. I therefore
now desire to inform you that 1 am no lfonger prepared to accept such sum in
settlement of suid claim and for the fee in said lands, and T hereby withdraw my
offer.

.

LILLIE 13, TITUS.

The report of the Committee on Finance was accepted by the Com-
mon Council in coneurrence at the meeting December 30, and the
above communication placed on file.

The following order for cxchange of land in the Calf Pasture wag
passed June 8: —

Ordered, That the Committee on Improved Sewerage be authorized to cnter
into an agrecment with the Bay State Gas Company for an exchange of certain
small parcels of land in Calf Pasture, shown on a plan of said lands in the office
of the City Engincer, for the purpose of straightening and improving the boun-
daries of the city’s land; and that the Muayor be authorized to execute such deeds
or other instruments as may be necessary to effect such exchange.

The committee were authorized, by an order passed June 8, to
purchase the fuel required for the Blain Drainage Works during the
year.

An order was passed September 14 requesting the committee to
report whether the tug-boat *¢ Willinm Woolley,” purchased by the
city, was properly equipped for the service of extinguishing fires
aleng the water-front, and alse whether said tug-boat can be available
when required ns an auxiliary of the Fire Department. No report

us received on the subject from the conmittee.

By an ovder passed October 19 the City Architect was granted the
use of the steam-tug ** Nettie,” during the construction of proposed
new huildings on Long Islaud.

The following order was passed October 19, viz. : —

Ordered, That the Committee on Improved Sewerage be authorized to invite
the American Society of Mechanical Engineers to visit the Main Drainage
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+
Works, November 11, 1885; the cxpense incurred thereby to be 1885,
charged to the Contingent Fund of Jeint Comniittees.

An order was presented at the meeting of the Aldermen December
14 requesting the Committee on Improved Sewerage to consider and
repors on the expediency of the eity’s taking a tract of land for the
Main Drainage Works at Squantuin, near the east shuft of the Dor-
chester-Bay tunnel. The order was referred to the committee, but
was not reported on by them.

An order was passed Junuary 4, 1886, to pay the Builders’ Iron
Foundry of Providence, R.I., the sum of $192.26, in settlement of
their contract for furnishing pumping-machinery for the cast shaft.

No other matters 'of importance relating to the Improved Sewerage
were acted upon by the City Council, and the review ends with the
close of the municipal vear 1885,
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1888,

SCHEDULE O EXPENDITURES, MAIN DRAINAGE
WORKS, JAN. 1, 1888.

Section 1, Main Intercepting Sewer . . . $39,327 79
woop Tz wo L 538,778 54
3w L b . . . 43,087 73
LY s b . . . 55,081 12

43 v L G ; . . 113,082 63
5w “ “ . 98,854 A2
3 6 113 (33 [ . . . 154,357 99
1, East side ¢ i . . . 121,897 55
141 2 [13 it 6c (1) . , . 76,‘119 70
L L L . . . 43,392 15
[ 4 L 1 [ [ . . . 38’781 20)
L T s . . . 17,017 98°
b 1 and 2, West side o . . . 135,100 40
w3 AL . . . 22,042 72
i Brimmer street i . . . 42,879 74
6 f, West side 2 e 42,230 59
N b . . . 36,389 31
£ G AL i . . . 37,355 Y1
‘e 1, South Boston i . . . 42,832 29
e 2 o i e . . . 47,367 98
i 3 i e e . . . 50,902 49
g s T L 60,037 95
“ H i b i . . . 57,748 18
i G b f ‘e . . . 16,229 65
¢ 1, Stony Brook . . . . . . 40,942 65
R e s 64,039 97
“ Roxbury Canal Dredging . . . 1,386 00
i 1 Qutfall Sewer, Pumping-station, etc. . 1,699,338 45
o2 o Dorchester Bay Tunnel | 691,753 87
w03 b i and Moon Island Reservoir, 823,659 18

Outlet Sewer Scetion . . . . . . 103,760 39

Maintenance . . . . . . 61,200 46

Land damages . . . . . . . 223,016 61

Amount carried forward, $5,123,504 14



APPENDIX. B. 197

1888,

Amount brought forward, $5.123,504 14
Engineering, superintendence, preliminary survey,

contingencies, and miscellaneous work . . 268,003 14

Total amount for construction ) ) . $5,842,407 28

Amount transferred from appropriation . . . . 67,500 00

Total expenditures to January 1, 1888 . . $5,459,907 28
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1888,

LAND TAKEN BY OR RELEASED TO THE CITY ON
ACCOUNT OF CONSTRUCTION OF IMPROVED SEWER-
AGE SYSTEM

A strip 20 feet wide, between Clapp and Boston Streets, reserving
use of surface to previous owners, area, 10,512 feet.

Hyde Street, Dorchester Avenue to 0. C, R.R., reserving rights of

way to previous owners, arca, 44,060 fect.

Washington Avenue, Hyde Street to Locust Street, reserving rights
of way to previous owners, area, 92,600 feet.

Locust Street, Washington Avenue to Von Hillern Street, reserv-
ing rights of way to previous owners, area, 6,600 feet.

Von Hillern Strect, Locust Street to Mount Vernon Street, reserv-
ing rights of way to previous owners, area, 24,000 feet.

Mount Vernon Street, across 0. C. R.R., area, 2,952 feet.

Extension of Mount Vernon Street, across Calf Pasture, reserving
rights of way to previous owners, area, 203,050 feet.

Pumping-station lot at Old Harbor Point, sren, 223 acres.

A strip 20 feet wide, from low water in Dorchester Bay to and
across a roadway on Squantum Neck, reserving use of surface to
previous owners, area, 12,155,

Upland at Squantum, area, 245 acres.

Upland at Meon and Little Moon Islands, area, 37848 acres.

Flats about Moon Island and Squantum, area, 152 acres.

Right to use, conjointly with other users, a portion of roadway at
Squantum, 2,045 feet long X 32 feet wide == 15 acres.

Extension of Lowland Street, South Boston, from Jenkins Street to
0. C. R.R,, reserving rights of way to previous owners, 475 X 40
feet = 19,000 feet.

Land for sheds und storage on E. Chester Park, east of Albany
Street, 7,704 sq. feet. Sect off for use of Improved Sewerage, by
Committee on Lands.

45,700 sq. feet of land adjoining Pumping-station lot at Old Har-
hor Point.

2,950 sq. feet of land added to Pumping-station lot, by exchange
with Bay State Gas Co.
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PUMPING ENGINE TESTS.
(Complled from City Engloeer's Annual Report for 1884-1885-1886-1887.)

On March 24, 25, and May 1, 2, 1885, tests were made to ascertain
the duty of Xngine No. 3, and the efficiency of the boiler nsed in
connection with it. The tests were made, under the direction of the
City Engineer, by members of his staitf.

The cngine tested is one of the high-duty engines designed by Mr.
E. D. Leavitt, Jr., on general specifications preparved by Mr. J. P.
Davis, when City Engincer. It was built by the (Juintard Iren
Works, of New York., A description of the engine and boilers has
already been printed in previous reports, in the history of the Main
Drainage Works, and in the Journal of the Assoviation of Engineer-
ing Societies, and will not be repeated here. Steam was furnished
by Boiler No. 2.

The intended duration of cach test was twenty-four hours.

The method of making the tests was as follows: Steam was raised
in the boiler until the pressure was suflicient to run the engine. The
fires were then drawn, the ash-pits carefully cleaned, and new fires were
started. Tt was desired to determine the quantity of water pumped, by
actual measurement, in the reservoir at Moon Island ; and since stop-
ping the engine would have caused large fluctuations of level in the con-
necting sewers, and so prevented accuracy of measurement, it was
decided to keep the engine running at a constant rate.  This was done
by furnishing the engine with steam from DBoiler No. 3 until a few
minntes after the new fires were started, when, by operating the valves
rapidly and simultanecously, Boiler No. 8 was shut off, and the engine
took steam from No. 2, thus beginning the engine test. The engine
counter was read at the instant the test began, and the other ncees-
sary ohservations were taken., The steam pressure was increased -
from about 70 pounds at the start, until it reached 100 pounds, at
which it was kept constant until near the end of trinl, when the
fires were burned as low as possible, the steaun pressure dropping in
consequence.  When the pressure and height of water in the boiler
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were the same as at the beginning of the experiment, the final obser-
vations were taken, and the fires were drawn.  The refuse was then
spread upon the floor to cool.  The unburnt coal was picked from the
ashies and weighed. Tlis weight (averaging less than one per cent.
of the total coal) wns deducted from the gross amount of coal
charged. The valve between Boilers No. 2 and No. 3 is supposed to
have heen tight; but, Lo avoid increasing the duty by any leakage,
the pressure in the latter was kept lower than in the former.

The height of the sewage in the pump-well was determined by a
float-gange, tested before each trial; the load on the pump by a mer-
curial gauge, attached to the force-main of another engine. 'This
gauge represented the height in the pipe-chamber at this end of the
force-maing, and. to get the actual pressure pumped against, it was
necessary 1o add the friction in the force-main used. During the
gecond test the actual pressure againgt which the pumps were work-
ing was measnred by the elevation of the surface of water in a box
at the top of a pipe connected with the force-main a few feet from
the pump. A comparison of this gauge with the mecurial one gave
a correction for friction in the force-main to use with the first test.

Dry Cumberland coal frem the Pocahontas mine was used during
the trial. 1t was fed to the boiler from a car holding about 1,200
pounds. During the first test the car and contents were reweighed
at the end of each half-hour, and during the second test after each
firing. .

The steam pressures at the boiler and the pressures and vacuum at
. the engine were determined by Bourden’s gauges, which had been
previously tested.

The temperature of the steam was taken by a thermometer in-
serted in the main steam-pipe within a few feet of the boiler. This
thermometer was breken, so that readings could not be taken during
the second test.

The barometer was an ancroid placed in the engine-room,

The gnuntity of water fed to the boiler was measured in the fol-
lowing manner: A bwrrel, holding about 150 gallons, was placed upon
a tested platform-seale, and supplied with cold water from the Co-
chituate main, and also with condensed water from the rehesaters and
steam-cylinder jackets. During the sccond test the exhaust steam
from the boiler feed-pump was condensed in a small barrel placed
above the weighing-barrel, into which it was drawn from time to time.

After hm'i;lg been weighed the water was run into o large tub, from
which the fecd-pump drew its supply. The measurement of the feed-
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water was checked by a Worthington water-ncter placed between the
feed-pump and the feed-water heater,

To ascertain approximately the amount of water returned from the
cylinder-jackets and reheaters, the amount of cold water used was
measured during the second test by a meter placed on the Cochituate
supply. .

About seven hours after the beginning of the first test a small leak
was discovered from a safety-valve on the boiler feed-pipe between
the pump and the hot-water meter. After being discovered, the water
leaking was caught and returned to the feed-pump tub.  For a peried
of about fourteen hours the leakage was weighed, and the rate so
determined was nsed to male a correction for the time before the leak
was discovered. The total amount of this correction was 650 pounds.

On the sccond test all pipe-connections with feed-pipes, boilers,
and engine, except those in use, were disconnected, to avoid all chance
of error {from leakage.

Temperatures of the feed-water were taken before and after passing
through the feed-water heater by means of thermometers inserted in
the feed-pipe.

A thermometer in a tube partially filled with oil was inserted in
the flue to ascertain the temperature of the gases beyond the feed-
water heater, and on the second test a similar thermometer was placed
in the flue between the boiler and heater.

Throughout the trisls half-hourly observations were made of the
engine counter, pressure of steam at engine and boilers, vacuum in

condenser in inches of mercury, height of water in Dboiler, height of

water in tub holding feed-pump supply, water-meters on boiler feed-
pipe and cold-water pipe, barometer, temperature of steam, tempera-
ture of gases in flue, and temperature of engine-room. Fifteen-
minute readings were tuken of the force-main and pump-well gauges,
and readings of the feed-water thermometers cvery ten minutes.

Temperatures of the external air and indicator diagrams from the
steam-cylinders were talken hourly. '

A large number of observers were employed, nnd care was taken to
secure accutacy in all of the olservations. 'The more important
records were also taken independently by assistants of Mr. Leavitt.

No calorimeter tests were made to ascertain the quality of the
steam. TFor the purposcs of ealenlation it has been assumed that all
of the water was evaporated into dry steam.
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RECORD OF TWO DUTY TESTS OF ENGINE NO. 3 (LEAVITT) AT
THE BOSTON MAIN DRAINAGE WORKS.

First Teat, Second Test,
1. Dateof trials .. ... ... ol Mar. 24, 25,1885.| May 1, 2, 1883,
2. Time of beginning trial ... ... e 10.06 A.M. 10.31 A M.
30 Duration. ... .o i e 24h. £3m. 24h. 34m.
4. Total revolutions .. ....... ... .. 19,526, 19,87%.
5. Revolutions per minute. . ..., U 13.17. 13.42
6. Displacement of pumps per revelution. . 226.19 cu. ft. 226.19 cu. fi.
7. Distance from 0 of gauge down to sew-
age in pump-well . ... 000 Lo 11.68 f1. 15.48 ft.
8. Height of sewage in pipe-chamlber, as
given by mercurial gauge, graduated
tuo give cquivalent height of column .
of fresh water ... 25.76 ft. 26.55 ft.
9. DTressure in force-main near the pump,
as indieated by eolumn of fresh witer .
at temperature 53° Fo..o ... oo oo oo ca L 26.95 fi.
10.  Correction of mereurial gauge for frie-
tion in foree-main, trom data fuenished
by compuarison of No. 8 and No . ... L020: 105 % N
1. Total lift. ... ..o ... ool 37.80 ft. 42.43 fu
12, Weight of fresh water per eubic foot. . .. 62,48 Ibs. 62.40 lbs.
13. Total weight of dey coal consumed ..... 8,307 lbs. 9,478 lbs.
14 Duty of engine as developed by the
trinls 1 — -
19526 X 226.19 X 37.80 X12. 42
ist trinl ~—— . ZST=l 125,450,0004 .. L.,
s 7
o 19372 X 226,10 X 42,48 X 62.40
2d trial 0175 ) I 122,400,000
15. Mean pressure of steam in boilers.. .. 99.4 [bs, 98.6 1bs.

1T'0 reduce this duty on the first trial to the usiinl standard, it is necessary to make a correction
for the coal used 1o supply steam to the feed.pumps, Assuming the duty of the feed-pump to be
10,000,000, the eorreeted duty of the pumping-engine s 122,560,000,
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Firat "Test.

Hecond "Feast.

16.

17.
18.
19.
20.

21.

23.

24,

]
=1

27.

Mean presgsure of steam in main steam-
pipe near engine. . ...

Mean vacuum in condenser ............

Mean atmospherie pressure-by barometer,

€

temperature of air inengine-room.

¢ “ of external air

Total volume of sewage pumped by
plunger displacement

Total velume of sewage pumped, as

actually measured

Average glipof pumps......... ...,
Indicated horse-power, as determined
by the measurement of two sets of
cards for each trial........... .. ...

Horse-power in sewage lifted, pump
measurement, no allowance for slip. .

Work done by pump in per cent. of
indicated horse-power...............

Coal hurned per hour per indieated
horse-power. . .........ooiiei..,

28.1 ins.
30.18 ins.

67.5 deg.

31.7 deg.
33,038,000 gals.
30,224,000 gals.

8.5 per cent.?
251.6 H.P.
212.9 1.1

84.66 per cent,

1.38 1bha.

96.1 Ibs.
28.0 ins.
29.81 ins.
75.2 deg.

40.6 deg.

32,778,000 gals,

31,256,000 gals.

4.6 per cent.

2002 H.P.

243.5 IL.P.

83.90 per cent.

1.35 Ihs.

torn off, which accounts for the large slip.
not materiall

the valves wore Jogs worn, was about 2.5 per cent.

RECORM OF

TWO TESTS OF

MAIN DRAINAGE WORKS, MADE
GINE TESTS.

LAt the end of the first test it was found that two of the rubber discharge-valver had becn
A study of the guestlon lndleated that this would
¢ sffect the duty, u view which is corroborsted by the uniforn relation between the
indicated and the actual horac.power in the two teats.

‘I'ne loss of actiun in the pumps, when

BOILER NO. 2, AT

THE BOSTON
IN CONNECTION

WITH EN-

Reported in the form reecmmended by the Committee of the Amerlenn Soclety of Mechanical

Engincors.,

First Test.

Second Test.

1. Dateof trial ......... ot e
la. Time of beginning trial........... ...
2. Duration of trial ... ... ol

Mar. 24, 25, 1885.
9.58 n.m.

34h. 51m.

May 1, 2, 1885.
10.25 a.m.

24h. 94m,
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Firat Teat.

Becond Test.

Grate surface .................. ...
8a. Area of least draught........... .....
4. Water-heating surfave. . ..... ... .....
8, Super-heating surface.................
5a. Heating-surface in feed-water heater ...
6. Ratio of water-heating surface to grate

surface .. ... i
AVERAGE PRESSURES.
7. Steam pressure in boiler by gauge ..

8. Absolute steam pressere .........,....
9. Atmospheric pressure by barometer .. ..
AVERAGE TEMPERATURES.

11. Of externalair...... ,,.............
18. Ofsteam-......covviiiiieiiinans.
14. Of escaping gases before passing feed-

water heater . ... ... ... ...........
14a, Of escaping pases after passing feed-
water heater ..., ... Ll
16, Of feed-watcr before passing heater. ...
15a. Of feed-water after passing heater......
155, Of Cochituate water...................
FuEer.
18. Dry coal consumed...................
19. Total refuse dry {;flt t{f?t’ ig.? ”‘)‘s'
20. Total combustible (weight of coal,
item 18, less refuse, item 19) .......,

DiMexsions AND PROPORTIONS.

45.6 sq. ft.

5.50 ¢

G' 111 13
934' 1 s

40-1

99.4 lbs.

114.2 lbs.

30,18 ins.

31.7 deg.

339.0 deg.

183.5 deg.
96.5 deg.
145.1 deg.

38 deg.

8,307 Ibs.

5.2 per cent.

7,875 lbs.

45.5 sq. ft.

5'50 £Eocd

1,820. e

934, tf

08.6 Ibs.
113.2 Ibs.
29.81 ins.

439 deg.

154.2 deg.
120.7 deg.
164.1 deg.

46 deg.

5.2 per cent.

8,981 b,
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21,
22.

26.

20u.

208,

26¢.

29,

30.

31.

32.

33.

First Teet.

Becond Test.

Dry con! consumed per hour .........

Combustible consumed per hour . .. ....

Warer.

Total weight of water pumped into
boiler and apparently evaporated. . ...

Check on above measurement by meter
MCASUIement, .. ..o e ineni i enan

Per cent. less by meter........ .. ...

Feed-water taken from Cochituate main,
meter measurement, .. ...

Equivalent water evaporated inte dry
steam from and at 2120 F.
Including fecd-water: heater ........
Exc]udmg “ .

Equwulcnt total heat derived from f'uel
in British thermal units.

Including feed-water heater ........

Excluding L

Equivalent water evaporated into dry
steum from anil at 2120 F. per hour.
Including feed-water heater .......
Execluding ¢

EcoxoMI¢ EvAPORATION.

Water actually evapoerated per pound of
dry coal, from actual pressure and
temperature. . ... ... ... e

Equivalent water evaporated per pound
of dry coal from and at 2120 ¥,

Inclnding feed-waterheater. ... ....

Kxcluding < g

Equivalent water evaporated per pound
of combustible from and at 2120 .

Including feed-water heater........

Excluding o Y

334.3 lbs.
416.9 Iba.

86,783 1bs.

85,640 lbs.

1.3 per cent.

100,068 Lbs.
96,329 1bs.

£9,993,971
85,828,387

4,061 1bs.
3,876 1bs.

10.45 1bs.

12.12 lbs.
11.60 lbs.

12.78 1bs.
12.23 lbs.

392.3 1bs.

a71.8 1bs.

98,780 1bs.

96,629 lbs,

2.2 per cent.

78,836 1bs.

112,113 Ibs.
107,571 lbs.

100,064,140
95,816,600

4,641 lbs.
4,453 lbs.

10.42 1bs.

11.83 lbs.
11.35 lbs.

12.48 lbs.
11.98 1bs.
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Firas Test.

Second Test,

34,

36.
37.
38.

s

40,

11,

42,

43,

ConMERCcIAL EvAroRrarion.

Equivalent water evaporated per pound

of dry coal, with one-sixth refuse, ut
70 pounds gauge-pressure, from temn-
perature of 1000 1, ==item 33 mmlsi-
plied by 0.7249.

Including feed-water heater .......

Excluding

(13

Rare or CoMBUSTION.

Dry coal actually burned per square
foot of grate surface per hour.......

[ Consumption
of dry coal

per

hour.

Coal assum-
ed with one
gixth refuse,

Per sq. ft. of grade
surface. ... .......
Per sq. ft.of water-
heating surface. . . .
Per sq. ft. of least
arca for draught. . .

Ratiz of EvVAPORATION,

Water cvaporated from and at 212° . ;
per gq. ft. of heating-gurface per hour,

excluding feed-water heater, , .

rated per
hour, from
temperature
of 100° K., in-
to steam of
70 Ibs, guuge-
pressure, ex-
cluding feed-

(’ Water evapo-

| water heater. |

1

| Fer sq. ft.

Per sq. ft. of grate
aurface.,....

of water-
henting surfuce .. ..

Per sq. ft. of least
area for draught. ...

CoMmERCIAL HORSE=-POWER,

On

‘the basis of 30

lbs. of water

per hour evapnrnle(l from tempera-
F. into steam of 70
1bs. gauge-pressure (= 344 bs. from

ture of 100°

and at 2129).-

Including feed-water heﬂter .......

Excluding

I

o
o0 ba
-~
FZ

7.33 lbs.

8.36 Ibs.
0.208 1bs.
(9.1 Ibs.

2,12 Ihs.

74.1 lbs.

1.84 1bs.

618.0 1bs.

117 H.P.
P12 HLP.

9.05 lbs.
8.68 Ibs.

8.62 Ibs.

.80 Ibs.
0.244 lbs.
81.1 Ibs.

2.44 Ihs.

85.1 lba.

704.2 1bs.

13f H.P
129 H.P.
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The average datly amount of sewage pumped since thé works were in aperation
: 18 shown as follows ; —

Dalily average of sewage putnped, in gallons.

DATE.
1884, 18805, I8 N6, 1887,

JANUALY + @ o v s v 0 v 0 v 0 w4 n i e e 39,015,276 ’ 41,083,812 68,648,343
Febroary . « « s v o 2 v o v a's o s 25,777,380 43,903,905 ’ #),012,617 53,827,805
March + o v v v v v o v v v ww 32,437,379 35,005,506 39,774,669 !';2,357,757
April. v v v v v i v e n e v e .| 70,080,358 28,700,863 30,725,288 50,481,531
May « v o v o n vt v s a e o 23,121,050 30,300,228 32,157,382 36,214,703
JUDO « 4 v v vt b e e e e 26,712,208 20,031,454 26,625,078 40,031,019
July « v v v e e e e e 23,000,400 20,642,964 21,743,635 38,172,331
Aungust. . o 0w v v 0 v s e . 31,074,821 30,006,434 32,320,434 38,881,361

September . . . Lo L L, 28,412,431 28,761,200 32,903,724 35,777,821
October . . o v v v v v v e e 27,001,557 31,476,179 13,305,604 37,330,108
Novembor o o v v v 4 v v v v v v ™ 21,601,283 88,017,253 34,170,833 37,154,588
Decetnbet o« v 0 v o s e .- 30,883,501 32,804,281 40,804,411 41,660,600

AVETAEO . « v o v s v s a e e 28,370,040 33,874,670 36,800,120 43,630,857
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APPENDIX D.

LIST OF OFFICERS COXNECTED WITH BOSTON MAIN
DRAINAGE WORKS.
Commission of 187s.
K. S. Cuessroucn, C.E.
Moses Laxz, C.E.
C. F. Fousoym, M.D,

Engineers..
City Engineers. .
Joserm P Davis . . . . . . . 1876-1880
Huxry M. Wicumaaw . . . . . . 1880-1385

v WiLniay Jacksoxn . . . . . . . 188518838

DPrincipal Assistants to City Engineer.
Hexey M. Wicirsan . . P . . 1876-1880
Avrrnosse Frengy . . . . . . . 1880-1884
Jonx E. Cuexcy . . . . . . . 1885-1488 -

Consulting Engineer.

Erntor C. CLaREE . . . . . . . 1886-1887

Drincipal Assistants tn charge of Main Drainage Works. .
Faror C. Crarke . . . . . . . 1876-1885
Fuen . Sreanss . . . . . July, 1885-Aug., 1886
Sern Perxiys . . . . . . Aug., 1886-April, 1887
Georce S, Rice . . - . .« April, 1887-July, 1887
Hexry W, SaxsorN . . . . . July, 1887-Jan., 1838

Assislant Engineers.
WiLniay Jackson . . . . . . . 1876-1885
Fuep P. Sreanxs . .. . . . .- 1880-1885
Cremess Herscoen . . . . . . . 1878-1880
Grorcr 5. Rce . . . . . . . 1877-1880
Jonx E. Cuexey . . . . . . . 1879-1885
Gurorar H. Crarrs . . . . . . . 1877-1881
Skt PERKINS . . . . . . . 1877-1885
CianLes S, Gowes . . . . . . . 1880-1881
. R. Hows . . . . . . . . 1877-1880
F. A, Marx . . . . . . . . 1876~-1880
F. W, Rixa: . . . . . . . . 1876-1877
R. TarpaxN . . . . . . - . 1876-1877
E. O, Kmpawrn . . . . . . . . 1885-1888




APPEXNDIX D,

1 Principal Superintendents of Construction.

Sewer Construction.

. A. Canson.

Pumping-Station.
S. H. TarBin..

Joint Special Committes on Improved Sewerage.

- 1876
Aldermen. - Councilmen.
Avvan AL Bomave, Chairman. Eucuwe H, Samesox,
SoLoMox B. Srtepnixs, J. HoMeEr PiEkcE.
Tuomas J. WuipbEex. Wannex K. BropGeTrT.
' Manrcerius Dav.
Arsert H. TavLor.
I877.
Aldermen. Councilnmen.
Croate Burxiuam, Chaivman. Euasexe H., Saumpzox.
Coarrnes W. WiLper. J. IHomer iEkrcr:
Lucivs SrLape. * Wannexy R. BLopcEeTr.
Mantiy L. Hax.
Georce L. TiORKDIKE.
]'?7(9.
Aldermen. Councilmen.
Tuomas J. Wminpex, Chairman.  EuvceNe H. Samrsox.
Soromox B. SteBbINs, GeorGE L. THorxDIKE.
Lucius SI_‘ADE. J. HoMmer Pierce.,

Freperick 3. Day.
Jayes B. Ricuarpsox.

Aldermen. Councilmen.
Lucics Stapg, Chairman, Isaac RosNosky,
SoroMmox B. StTensiNs. Tnomas J. DENKEY,
Daxier D, KeLuy. Jonx P. BrawLey.
Daxiern J. Sweexey.
. Oscar B. Mowry.
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216 MAIN DRAINAGE WORKS,

Aldermen.
Lucios Sravge, Chairman.
Asa H. Caron.
GrorcE L. THorspIkE.

Aldermen.
Lecros Stapg, Chairman.
WiLniam WoorLLey.
Cuaures H. Hersey.

Aldevrmen,
Lucies Snape, Chairman.
WiLLtan WooLLiy,
Curarires . Hersey.

Aldermen.
Lucios Srave, Chairman.
Winniayx WooLLEY.
Tuomas M. Devioix.

Aldermen.
Ltrcros Stani, Chairman.
Cuantes H. Hensey.
MarcoLy 5. GREENOUGIH.

1880,
Councilmen.
Daxnin J. SWERNEY.
Cuauies I, IPLiseron.
Howanrn Crarrv.

MarcoLm S. GrEExousn.
Bexiamin 8. BriNTNALL.

1881,
Councilmen.
Howanrn Crave.
Tnomas J. DuxxEky.

MarncoLm S, GHEENOUGIL.

Fraxg E. FarwegnLL,
Joux E. Bowken.

1882.

Councilmen,

Marcorn 8. Gueexovon,

Tiiosmas J. Dexxer.
Frark L& Fanwer,
. Preyriss Cusmings.
Natnax G. Saurru.

1885,

Councilmen.

MavrcoLyn 8. Gueexouval,

Tuaoyas J. DENXEY.

Fiaxk K. FarwgLL.
Jorry B. Frrzratnriok.
Parnick J. Doxovan.

1884,

Councilmen.
Tromas J. Dexxguy.
Parrick J. Doxovax.
Izaac LRosNoskY.

J. Epwarp Lavrex.
Jayves B, Grauam.
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1884..

Aldermen,
Patrick J. Doxovax, Chairman,
Grorcr: CurTis. '
WiLniax J. WeLcn.

Councilmen.
Eowsrp P, I1sk.
J. Epwarp LArees.
Jonx GALLAGHER.
Wirntam H. Muzeay.
Bexsamin B, Jexks.

1886.

Aldermen.
Parrick J. Doxovax, Chairman.
Naraax G. Sarmi.
Sasuen J. Caren.

Councilmen.
D. Fostir FARRaR.
WitLiaMm A, Ioss,
Jonx (GALLAGHER.
Grorere N. Fisuer, Ji.
ThnoMas J. DexxEey.

1887,

Aldermen.
Patrick J. Doxovax, Chairmnn.
Narnax G. Sarrer,
SayyrL J. Carex.

Councilmen,
WiLniaym A, IFoss.
Hixry S, Dewer.
Jony GALLAGHER.

S. Epwarp Siiaw.
Wirniax J. Mauoxey,





