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INTRODUCTION. 

As required by Resolves of' 1901, ehapter 105, this com
mittee submitted its report to the Legislature on Jan. 14, 
1903. The work of' the committee and of' its chief' engineer 
and various experts up to that time had been devoted en
tirely to collecting information in regard to the feasibility 
and desirability of' the general project, and a mass of data 
had been accumulated in reference to smvage overflow, har
bor conditions and other matters involved in the determina
tion of these general questions, which the chief engineer of 
the committee has neces,:;arily been several months in reduc
irig to form for publica,tion. 

As the mere construction of a dam at Craigie bridge in 
itself involved no serious engineering difficulties, the com
mittee had made no studies for such a dam, but had largely 
relied on the reportE< of tile ,Joint Boai·d of 1894 as a basis 
for estimates of cost. After the hearings before the joint 
committee of the Lcgif::lature on metropolitan affairs and har
bors and public lands, in ,January, 1903, :Mr. Freeman, the 
chief' engineer of' the eommittee, at the request of the-com
mercial interests upon Charles River, made various detailed 
studies of a dam having a luck with a depth ·of 18 feet over 
the-sill at low water. The construction of so deep a lock 
necessitated abandoning the plan proposed by the ,Joint 
Board of 1894 of using the lock as a sluiceway, called for 
the insertion of special sluices, and somewhat increased the 
expense of the construction of the clam and lock. All these 
studies and estimates, together with more complete esti
mates of cost of the marginal conduits and embankment 
walls, are set forth in Appendix No. Hl to the report of the 
chief engineer, which presents six plans for a dam, at a 
cost varying from $983,800 to $1,549,250. 



xiv INTRODUCTION. 

A dam with surface and drawbridge at grade 22, Boston 
base, will result in frequent interruption of street traffic over 
the dam, owing to the necessity of opening the draw for all 
vessels requiring more than 12 feet head room. On this 
account, with a view to less frequent obstruction of the 
highway, the chief engineer of the committee recommends 
a high dam, with a smface and drawbridge at grade 38.5, 
Boston base, which would allow the passage of tugs and 
mastless vessels without opening the draw. Studies for such 
a dam, both of solid masonry and with a steel viaduct, have 
been prepared, though it is probable that the former is pref
erable, as the cost of maintenance of a steel structure would 
offset the decreased expense of construction, 

These later studies have resulted in some modification of 
the figures given on pages 12, 31 and 32 of the reporL of 
this committee. 

·The following is an estimate of the entire cost of the 
improvement, based on these later estimates: -

_Item No. 1: -
Dam, elevation 38.5, without catch-basins (estimate of 

John R. Freeman), . $1,425,000 
Item No. 2:-

Marginal conduit, Boston side, Leverett Street to Fens 
outlet, 11.5 by 10.5 feet (estimate of John R. Freeman), 500,000 

Item No. 3:-
Marginal conduit, Cambridge side (estimate of John R. 

Freeman), . 88,000 
Item No. 4: -

Dredging Broad and Lechmere canals, and rebuilding walls 
(estimate of John R. Freeman and Percy M. Blake), 100,000 

Item No. 5:-
Dredging in basin (estimate of John R. Freeman), . 25,000 

Item No. 6:-
Embankment wall and filling, 100 feet wide, Cambridge 

Street to Fens outlet ( estimate of John R. Freeman), 
7,550 feet of wall at $20 and 378,000 cubic yards of 
filling at 60 cents, 

Item No. 7:-
In~provement of Back Street, rear of Beacon Street (esti

mate of.Mr. Jackson), 
ItemNo.8:-

Beacon Street sewer, Otter Street to Hereford Street (es
timate of Mr. Jackson), 

378,000 

31,350 

60,000 

I 

__J 



INTRODUCTION. 

Item No. 9: -
Extension of Stony Brook conduit from commissioners' 

channel to the Charles River ( estimate of sewer divi

sion of street department), 
Item No. 10: -

Dredging in Fens ( estimate of John R. Freeman), . 

Of the total expense, Items Nos. 5, 8, 9 and 10 

are for work which is demanded in case a 

dam· is Iiot built, and they amount to . $435,000 

Item No. 6, for the embankment from Cam

bridge Street to the Fenway, is already 

authorized by Acts of 1893, chapter 435, 

amounting to 378,o·oo 

Iterri. No. 1: the dam will take the place of 

Craigie bridge, which must be rebuilt in 

the near future. The estimate by the city 

engin'eer .of the cost of a bridge 100 feet 

wide, with the draw at grade 38.5, Boston 

base, is 1,463,362 

If the dam is not built, there will be an addi

tional expense in the construction of the wall 

between Cambridge Street and the Charles

gate East of $45 a linear foot, being the 

difference between the cost of the Charles

bank wall and of the wall necessary in case 

the basin is maintained "at a constant lev.el of 

grade 8 ( estimate of Mr. Freeman), amount-

ing to 341,000 

Balance representing total immediate increased ~xpe.!?-se~ 

charged upon the municipalities· by this improvement is 

These figures are based upon one of the most 

expensive forms of dam, and do not include 

the future saving on the Metropolitan_ Park 

Commission work in -the Charles River res

ervation, in case the dam is built and the 

water held at grade 8, which is estimated 

by _that commission to be $425,000 

Or the saving on the sea wall of the Cambridge 

Esplanade of 37,000 

Or the saving in construction of beach wall on 

the Cimbridge Esplanade of 62,000 

Or saving in cost of filling in the Cambridge 

marshes of. 100,000 

xv 

$300,000 

50,000 

$2,957,350 

2,617,362 

$339,988 

$624,000 
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These figures do not include the estimates for dredging 
the flats in the river to grade - 5, Boston base, as has been 
suggested, which would entail a total expense of $1,016,945, 
it being very improbable that so extensive dredging would 
ever be undertaken ; nor do they include the future saving 
in expense of construction of sea wall between the Fens 
outlet and the Essex Street bridge. 

Taking into consideration the above amount of $624,000, 
which will be saved in the future to the municipalities bor
dering on the river, it appears that the treatment of the 
basin with a dam will effect a saving of $284,012, as com
pared with the expense of adapting the basin to public use 
without a dam. 

BOSTON, June 1, 1003. 

- J 



REPORTS 
OF THE 

COMMITTEE AND CHIEF ENGINEER. 



FINANCIAL STATEMENT. 

DECEJIIBEH, 1901-,JANUARY 14, 1903. 

Appropriation for expenses of committee,. 
Stenographer aud typewriting, 
Rent and office supplies, electric light, postage, ex

press, telephone and telegrams, advertising, etc., 
Maps, plans, photographs, blue-prints, 
Wright & Potter: -

Printing testimony, 
Printing report, estimated, 
Printing miscellaneous matter, 

G. W. Field, biologist, report nnd expenses, 

$2,240 29 
3,500 00 

111 94 

Harry \V. Clark,- ch~mist, report, expenses and assist
ants, 

Lieut.-Col. \V. A. Jones, United States Corps of En
gineers, report and expenses, 

F. \V: Hodgdon, C.E., report and expenses, Broad and 
Lechmere canals, 

R. A. Hale, report of flow of upland water, and expenses, 
Metropolitan Park Commission, for survey of upper 

basin, 
Louis F. Cutter, report on separate system of sewerage 

in Boston, ancl expenses, 
J. R. Burke, C.E., harbor survey map, 
Theobald Smith, J\,I.D., report, assistants and expenses, 
X. H. Goodnough, sanitary engineer, report and ex-

penses, . 
Prof. \V. 0. Crosby, geological report, 
J. R. Freeman, chief engineer, apparatus, boat hire, 

carpenter work, clerical supplies, labor, etc., 
J. R. Freeman, services and assistant engineers, 
,J. \V. Lund, secretary, 
Henry S. Pritchett, Samuel M. Mansfield, R.H. Dana, 

services .and expenses of committee, 

$1,095 92 

1,876 26 
3,1'.i16 92 

5,852 23 
563 46 

1,743 31 

673 85 

220·00 
299 24 

915 82 

393 22 
100 00 
716 42 

777 50 
400 00 

2,600 72 
18,460 80 

3,375 00 

6,218 00 

$ll0,000 00 

/I 

$49,7fl8 67 
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REPORT OF THE COMMITTEE APPOINTED UNDER 

RESOLVES OF 1901, CHAP. 105, 
TO CONSI.IJl-:R TIIJ,~ 

ADVJSABILTTY OF CONSTRUCTING A DAM: ACROSS THE 

CHARLES RIVER BETWEEN THE CITIES OF 
BOSTON A1\T)) CAMBRIDGE. 

To the Ifonorable the Senate cmd House of Representatives of the Com
monwealth in General Court assembled. 

Your committee, appointed to report as to the feasibility 
and desirability of a dam across the Charles River between 
Boston and Cambridge in the vicinity of the bridges known 
as Craigie bridge and vVest Boston bridge, re:,;pectfully sub
mits the following statement of it-s conclusions, together 
with the reports of the engineers and experts employed by it. 
The evidence and arguments presented to the committee by 
those favoring or objecting to a dam are printed in a separate 
volume, which is submitted herewith. 

The work of the committee and the scope of its investiga
tions have been determine·d by Resolves of 1901, chapter 
105, as follows: -

RESOLVE TO l'ROYIDE b'OR Tl·llc APl'OINTMENT OF A CO111MITTEE TO 

CONSIDElt THE ADVISABILITY OF CONSTRUCTING A DAJII ACHOSS 

THE CHARLES IUVER BF.TWEEN THE crrrns OF BOSTON AND 

CAMBIUDGE. 

Resol1;ed, That the governor, with the advice and consent of the 
council, be authori~ed a,nd requested to appoint, not later than the 
thirty-first day of December, nineteen hundred and one, a committee, 
to consist of three or more suitable persons, one of whom he shall 
designate as cluiirnum, to investigate and report upon the feasibility 
and desirability of constructing and maintaining a dam across Charles 
river between Boston and Cambridge, in the vicinity of the bridges 
known as Cmigie's bridge and ·west Boston bridge. The committee 
may employ such assist:mce. as may be necessary, shall give a hearing 
to all persons desiring to be heard upon the subject, and slmll make a 
report of their doings, with such recommendations as they may deem 
proper, to the next general court. The committee may expend such 
sums in the performance of its duties, and shall be allowed such com
pensation, as the govern.or iwd couneil may determine. The whole 
expense of the committee shall be borne equally by the cities of Boston 



6 CHARLES RIVER DAM. 

and Cambridge. The powers of the committee shall terminate on the 
making of their report. If the committee conclude that the proposed 
dam is feasible and desirable, they shall reeommend a plan for appor
tioning the expense of constructing and maintaining it, between such 
cities and towns as will specially be benefited by it, and they shall 
annex to their report the draft of a bill in accordance with their recom
mendations. The provisions of this resoh·e shall be accepted by a 
majority vote of the city councils of Boston and Cambridge before any 
action can be taken thereunder. [Approved June 13, 1901. 

Accepted by vote of the city councils of Boston and Cambridge, 
elated June 24, 1901, and July 3, 1901, respectively. 

By Resolves of 1902, chapter 103, the time within which 
this committee is allowed to report was extended until the 
second Wednesday of January of the year 1903. 

In accordance with the provisions of said resolve, this 
committee, between Dec. Hi, 1901, and July 2, 1902, gave 
public hearings to all persons desiring to be heard, b9th in 
favor of and against the project; and since the close of the 
hearings, through its own engineers and experts, has investi
gated as fully as possible all the questions involved. 

Your committee was soon convinced that a considerable 
time ·would unavoidably be employed in its investigations. 
·when the question of a dam was before the Board of Harbor 
and Land Commissioners, in 1894, no funds were available 
to enable that Board to conduct independent examinations. 
Expert opinions of a widely diverse character were presented 
in the testimony before that Board, and its report stated : -

The evidence adduced at the hearing in favor of the plan, so far as it 
affected the harbor, was perhaps necessarily to a large extent desultory 
and inconclusive. That which was opposed to it was largely expert 
and other opinion, and recorded observations taken almost if not quite 
wholly from the reports and data on file in the office of this Board. 

That Board made the following suggestion in reference 
to further investigations which it thought necessary before 
coming to any conclusion which would justify so radical 
and permanent a change : -

Bearing in mind that what is suggested to be done may affect the 
welfare of generations yet unborn for centuries to come, we are met at 
the outset with the question, What information is necessary to justify the 
conclusion that so permanent a change can be made without detriment? 
In order to answer this question understandingly and with certainty, 
knowledge on the following points is essential: -

1. The exact present condition of the harbor. 
2. Just what forces are acting either to improve, maintain or in any 

way injure it. 
3. What effect the proposed lock and dam will have upon these 

forces. 
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4. The causes of the shoalings that have from time to time occurred 
in the harbor, and the material of which they are composed. 

5. ,vhether the natural bottom of the upper harbor is or is not 
abraded by the currents, and moved from place to place. 

Comparative studies should be made of all the plans and records of 
all general surveys and examinations of Boston harbor and of similar 
harbors, and to supplement the information thus obtained by further 
surveys and examinations to cover the portions not sufficiently covered 
or not covered in sufficient detail, or not at all covered. 

A series of observations of the currents should be made; as, since 
the current measurements were made, in 1861, large areas on the South 
Boston flats and in Charles, :Miller's and Mystic rivers have been filled, 
and the deep-water channels in the upper harbor have been materially 
enlarged by dredging. 

Physical examinations should be made, by borings or otherwise, and 
also microscopical and chemical examinations of the material com
posing the bottom of the harbor to a depth of several feet, especially 
where the soundings indicate that there has been considerable shoaling, 
in order to assist in determining the source and amount of all deleterious 
and foreign substances. 

The foregoing data should be collected under the direction of a com
petent hydraulic engineer, with the assistance of an advisory board of 
engineers, before any conclusions can be formulated which would jus
tify so radical and permanent a change as is contemplated in the pro
posed plan.* 

Your committee has fully carried out the work thus 
indicated as a prerequisite to a satisfactory decision, and 
in the chief engineer's report and the appendices thereto 
will be found the observations which are here called for. 

In addition to these evidently necessary inquiries, the 
committee has also made a large number of observations in 
order to settle other questions concerning which the expert 
opinions given in the evidence before it have differed. 

This class of questions may be, perhaps, illustrated by 
one or two examples. 

In the evidence presented fot- and against the building of 
a dam there was a wide difference of opinion as to the effect 
of the salt water in the present basin in cooling the air of 
the adjacent region during the hot season. One set of 
experts claimed that this ba.sin was filled twice daily with 
cool sea water and had a marked influence in lowering the 
temperature of the air over the city; other experts doubted. 
this effect. The committee dealt with this problem by 
placing a series of thermometers and thermographs extend
ing from Boston Light to Norumbega Park; thermographs 
were also placed in different parts of the city. Simulta
neous readings of all these instruments were obtained for a 
period extending through the two and one-half months of 

* ·Report of Board of Harbor and Land Commissioners, 1894, pp. xv and xvi. 
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summer. The results of these observations were conclusive 
and final. They showed that the cooling influence of the 
basin upon the atmosphere of the Back Bay was practically 
zero. 

Another question, and a most important one, concerning 
which the committee received varying testimony, was that 
of the quantity of sewage being emptied into the present 
Charles River basin. Into this ~ubjcct your committee has 
endeavored to go with completeness, and an enormous 
amount of time and work has been spent upon it. As is 
shown in the reports of experts, and particularly in that 
of the chief engineer, the sources of pollution are more 
numerous, and the amount of sewage emptying into the 
Fenway and thence into the basin is greater, than had been 
supposed. The present Fenway basin is practically a cess
pool; and, without any regard to whether a dam is built or 
not, Lliis basin should h0 freed from the objectionable sewage 
now entering it. A simple and effective mcthou of doing 
this is shown in the report of the chief engineer. 

Similar questions, concerning the effect of a dam upon 
the health of the region, its effect upon the flow of tides, 
and many othcrn, could be settled only by a careful and 
systematic study. 

The committee has found it necessary to make extensive 
surveys. Among these arc an accurate hyclrographic chart 
of the Charles River basin, made upon a large scale, and 
showing with cxactne~s the shoals which have accumulated, 
and which may need remoYal; a gcologicpJ survey of the 
surroundings of Boston harbor ; a survey of the region for 
the purpose of ascertaining the present sources of malaria, 
and those which might exist in case the dam were built; 
and, finally, a survey made from the stand-point of the 
biologist and bacteriologist. In addition, it has caused to 
be made a chemical examination of the river water and the 
material entering the basin. 

All of this work has required time, but the committee 
felt assured that it was desirable to investigate fully all these 
questions, rather than to leave any of them in an unsettled 
state ; and it believes that the results herein set forth are 
based upon examinations sufficiently full and accurate to 
afford safe conclusions. The committee desires to express 
its obligation to its experts and engineers, and particularly 
its appreciation of the SHviccs of its chief engineer, John R. 
Freeman, under whose direction the work has been carried 
on. The committee is also indebted to the Board of Metro
politan Park Commi:.Jsioners for the completion of that por-
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tion of the survey of Charles River between Essex Street 
bridge and ,,v atertown dam ; and it desires also to express 
its appreciation of the assistance and cordial co-operation it 
has received from the members and officers of the Metro
politan Park Commission, the State Board of Health, the 
.Metropolitan vYater and Sewerage Board and the Board of 
Harbor and Land Commissioners; from the officers of the 
United States Engineers' office and the Navy Yard; and 
from the officials and engineers of the cities of Boston, 
Cambridge and Newton and the town of ·watertown. All 
of these boards and officials have given the committee all 
possible assistance in its studies and investigations. 

HISTORY OF TI-IE PROJECT. 

The project of building a dam across the Charles River 
has been discussed since 1859. An act was passed in 1870 
providing for the establishment of a Metropolitan Park 
Commission, for the purpose of improving the basin by 
a dam, as proposed by the late U. H. Crocker. This act 
was subject to acceptance by a two-thirds vote of the 
people of Boston, and was rejected, as only a m3:jority vote 
was received. 

In 1891 Hon. Nathan Matthews, then mayor of Boston, 
in his inau«ural address recommended the creation of a 
water park 

0

out of the basin; and, in view of the private 
interests involved, suggested that the whole matter be con
sidered by a State commission. The Charles River Im
provement Commission was thereupon appointed, under 
chapter 390 of the Acts of 1891, for the purpose of con
sidering what improvements could be made in the Charles 
River basin between the dam at V{atertown and Charles 
River bridge at Boston, and submitted two reports, dated 
Feb. 21, 1892, and April 20, 1893, respectively. Both 
reports recommended embankments along the river. The 
second recommended more specifically the discontinuance of 
the railroad bridges, and their concentration in a new high
level bridge without a draw. 

The Legislature of 1893, without acting on these recom
mendations, appointed a ,Toint Board, consisting of the 
Metropolitan Park Commission and the State Board of 
Health, with instructions " to investigate the sanitary con
ditions, and prepare plans for the improvement of the bed, 
shores and waters of the Charles River between the Charles 
River bridge and the vYaltham line on the Charles River, 
and the removal of any nuisances therefrom." This Joint 
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Board reported in April of 1894, recommending the building 
of a dam and lock about 600 feet above Craigie bridge, 
by which a constant level in the basin would be maintained 
at about grade 8. The Legislature referred the report of 
this Board to the Harbor and Land Commission, with direc
tions '' to inquire into the construction of a dam and lock 
in the tidal basin of Charles River, as proposed by the Met
ropolitan Park Commission and the State Board of Health, 
sitting as a Joint Board, with special reference to inter
ference with tide water and its effect upon the harbor of 
Boston." 

After holding public hearings, in 1894 the Board of Har
bor and Land Commissioners reported that : '' This Board 
is powerless to say, on the imperfect information it has, 
what effect a dam, as proposed, would have upon shoaling 
in the upper harbor. Upon all the evidence within the 
knowledge of the Board, we are unable to find the conse
quences of building the proposed dam as at all certain of 
being foreseen; and, in view of the incalculable injury 
which might ensue from impairing the usefulness of the 
harbor, we are unable to report in favor of the recommenda
tions contained in the report of the Joint Board."* 

By chapter 531 of the Acts of 1898 the Legislature au
thorized and directed the Metropolitan Park Commission to 
construct and maintain a dam with suitable locks across the 
Charles River at or about St. Mary's Street. No action has 
been taken under this authority. 

In 1901 the Legislature authorized the appointment of 
this committee. 

THE PRESENT CONDITION OF TI-IE CHARLES RIVER BELOW 

VVATERTOWN DAM, IN RELATION TO THE PARK SYS

TKIIS OF THE CITIES OF Bos TON' CA~IBRIDGE AND 

THE NIBTROPOLTTAN PARK DISTRICT. 

The Charles River basin occupies the centre of the park 
systems of both Boston and Cambridge and the metropolitan 
district, and its banks have already been dedicated to the 
park purposes of these systems. 

On the Cambridge side of the river, from Craigie bridge 
to "\Vatertown dam, the banks of the river, with the excep
tion of about one-half a mi let in a length of nine miles, have 

* Report of Board of Harbor and Lund Commissioners, 1894, pp. xix, xx. 
t Fifteen hundred linear feet are occupied by private in~erests of the Damon Safe 

Works, Coleman Brothers and Smith properties, between the Craigie and ,vest Boston 
bridges; and the entrances to and properties upon J3road and Lechmere canals are 
also used for commercial and manufacturing 1mrposcR. The Hollingsworth & Whitney 
Paper Companies, Lewando am! otllers occupy ,40 feet in ,vatertown. 
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been dedicated to the public uses of the Cambridge and 
metropolitan park systems and the United States arsenal. 
This is exclusive of the wharves on Broad and Lechmere 
canals. 

Of the beach construction, 5,240 feet are completed, and 
about 6,540 feet of beach and 2,500 feet of wall remain to 
be built. 

On the Boston side of the river, from the Craigie bridge 
to the "'\Vatcrtown dam, the banks, with the exception of 
one mile of private ownership,* have been either occupied 
or authorized to be occupied for the public purposes of the 
Charles bank ( the proposed embankment in the rear of Beacon 
Street authorized by Acts of 1893, chapter 435), by the 
Bay State Road, and by the Metropolitan Park Commission. 

The cities of Boston and Cambridge and the Metropolitan 
Park Commission have already spent $3,685,000 on these 
park improvements bordering on the river, and the high
level ,Vest Boston bridge, without a draw, is now being 
built between these cities at a cost of $2,500,000. This, as 
an architectural and engineering structure, will be in har
mony with the general scheme of the use of the river as a 
park. 

:XECESSARY bIPROVE~[EJNTS IF NO DAM IS BUILT. 

The Charles River, between the vVatertown dam and 
Craigic bridge, has a mean rise and fall of tide of 9. 6 feet, 
with an extreme predicted range of 13.6 feet, which at 
times of easterly winds and freshet flow of the river may be 
increased to 15 feet. In case a dam is not built, it will still 
be necessary, in order to adapt the river to these park re
quirements, to dredge the unsightly and unsanitary flats in 
the lower portion of the river basin to a depth of five feet 
below mean low water. These flats are indicated upon the 
survey of the basin made under the direction of this committee. 
The amount and position of the excavations to be made are in
dicated in the report of the chief engineer, and their extent 
and appearance at low tide are shown in the accompanying 
photographs. In addition, certain changes in the sewage 
conditions, including separation of objectionable sewage from 
the Stony Brook channels, extending an overflow channel 
from the Commissioners' channel to the Charles River, and 
the interception of the sewage which comes from Beacon 
Street houses, should be effected; the embankment and walls 

_*Costello's 1\'harr, Couseus' 1\'harf, 320 linear feet; Brookline Gns Company, 500 
lmcar feet; the Rrighton A IJattoir, 3,400 linear feet; anrl the Newton & ,vntertown Gas 
Company and others, 1,200 linear feet. (Evidence of lib-. de Jue Casas, p. 24,) 
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from West Boston bridge to the westerly line of the Fenway 
should be built by the Board of Park Commissioners of Bos
ton, in accordance with the provision of the Acts of 1893, 
chapter 435, with some amendments hereafter suggested.; 
the unimproved banks of the river above the territory 
which is to be walled must be dealt with in a similar way 
to that adopted by the Cambridge and metropolitan park 
commissions above the Boy ls ton Street bridge ; and por
tions of the tidal marshes should be diked, as has been done 
by the Metropolitan Park Commission between the Boylston 
Street and Arsenal Street bridges. As the extreme rise and 
fall of the tide is about 15 feet, these works will be neces
sarily expensive. The estimated cost of this work above 
outlined is $3,914,000. * 

After this work is completed, however, the river, as a 
tidal stream, will still for half the time presenL au uusightly 
and unattractive appearance. Its use by the public will be 
limited, and its possibilities as the main feature of the park 
system will be only partially utilized. 

CONSIDERATIONS IN REGARD TO A DAl\i. 

Under the resolves of 1901, your committee is charged 
with the duty of reporting upon the question of improving 
these conditions by means of a dam. The resolve directs 
the committee to report upon three matters involved in the 
erection of such a structure : -

1. Its feasibility. 
2. Its desirability. 
3. In case of its feasibility and desirability, to recommend 

a plan for apportioning the expense of constructing and 
maintaining it between such cities and towns as will specially 
be benefited by it, and to annex a draft of a bill in accord
ance with its recommendations. 

Feasibility. - Considered merely as an engineering 
project, there can be no question as to the feasibility of 
constructing a dam and of maintaining a basin above it at 
constant grade, even in times of freshet flow of the river, 

• Cost of sea wall and 70-foot embankment, \Vest Boston Bridge to Fenway, 
estimate of city engineer, UiU4, for park department, . . . . . $684-,000 

Cost of work on Charles River Reservation by llfetropolitan Park Com-
1nission, including benching-, diking and roads, . . . . . . 1,542,000 

Cost of Stony J3rook conduit. from outlet of Commissioners' channel to 
river, street department, sewer division (Rep. City Doc. 1901), . . . 300,000 

Cost of interC('ptmg sewer in the rear of Reacon Street, . . . . . 60,000 
Cost of dredging Hats in the Charles River from the Craigie bridge to 500 

f~e~ hel(!w,Vatertown dam to grade -5, estimate by Percy 111. Blake, 
c1 vii engmeerci . . . . . . . . . . . . . . 1,016,000 

Cost of wall an beach yet to he constructed hy Cambridge ]!ark Commis-
sion, • • • • • . . • . • . • • • . . 312,000 

$3,914,000 
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and this without flooding the Back Bay districts and without 
obstructing the existing storm sewage overflows. 

It will make the following report more clear if it is at 
once stated that the committee, early in its investigations, 
was led to believe that, whether such basin were fresh or 
salt, a dam, if built at all, must be high enough to keep out 
high tides, and that it must be supplied with a lock for the 
accommodation of river navigation. 

Desimbility. -The chief reasons for the construction 
of such a dam are to be found iii the sanitary betterment 
of the region itself and in the value which such a basin would 
have in relation to the Boston, Cambridge and metropolitan 
park systems. 

It would be a great addition to the attractions of the city, 
and would lend itself to a plan of improvement which in the 
long run cannot fail to make Boston one of the most beauti
ful cities in the world. The creation of such a basin would 
give the cities of Boston and Cambridge, practically without 
expense, an open park area of 1,000 acres, the lower portion 
of which is situated in the heart of the most congested met
ropolitan district. How much this basin will be used as a 
pleasure park, and particularly by the poorer inhabitants of 
the city, your committee feels itself unable to say. If the 
use of the Charles River Gymnasium, of the North End Park, 
of Jamaica Pond and of Franklin Field in the winter is to 
be taken as a criterion, the basin would be of immense 
benefit; and there is no reason why such use should not be 
made of it if rendered accessible and if the use of boats be 
made easy and cheap. The committee feels that, under 
reasonable conditions, it ought to become the scene, for at 
least four or five months of the year, of a great popular 
playground. 

There is no reason why the Charles River below Water
town dam, with the water at a constant level of not less 
than grade 8, should not offer the same opportunity of use 
by the public both for a water highway and for purposes of 
pleasure and recreation which is furnished by the Charles 
at Riverside, the Thames at Henley and the Alster at Ham-
bITTg. ' 

As metropolitan Boston grows passenger traffic ought to 
develop and reach large proportions on such a stream. 

The accompanying photographs of the banks of the river, 
as improved by the Metropolitan Park Commission, show 
that with low tides the river at its best offers but little at
traction to persons seeking recreation or pleasure upon it or 
in its vicinity. The currents are too swift for any boat 
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except racing craft, and the view from the river is generally 
limited to high banks of rubble or mud. The pictures of 
the same stretches of the river at the Longfellow marshes 
and at Lemon brook, with the water at grade 8 and with 
low tide, show how largely its appearance is dependent on 
its tidal condition, and a comparison of the photographs of 
the Alster basin and river frontage at Hamburg with the 
present views of the rear of Beacon Street and the Cam
bridge Esplanade gives some idea of the way in which the 
negleeted opportunities of the Charles River basin might be 
utilized both for the convenience and pleasure of the public 
and for beautifying the cities of Boston and Cambridge.* 

There can be no question that a basin of clear water, held 
at a constant level, with attractive banks, is in every ,yay 
desirable. The questions which your committee feels called 
to answer arc: Can this basin be kept reasonably sweet and 
clean? Can it be maintained with advantage to the sanitary 
interests of those who live upon the river bank:,;? ·will such 
a basin be prejudicial to the great intcrc:,;ts of Boston harbor, 
or to possible commercial interests in Charles Ri vcr? And, 
if these questions can be answered in tho affirmative, it then 
remains to determine whether all this can be done within a 
limit of cost consistent with a just public policy. 

SANITARY CONDITIONS. 

The sanitary question is the most difficult, and in some 
respects the most important, involved in this inquiry, and 
upon it has been bestowed more time and labor than upon 
any other question, both by the chief engineer and by ex
perts working independently. 

This work has been done in the effort to ascertain, first 
of all, tho quantity and character of sewage actually going 

* The Charles River above the dams is now crowded with pleasure craft in spring, 
summer and autumn, while IJclow the dams Jit.t1c Uoatiug is seen except the racing 
boats, mostly college ones. 

~'or the difference between swift, tidal waters with cx1,oserl flats on the one hand, and 
a basin of constant level with slight currents on the other hallll, in fostering pleasure 
hoating we arc not without instructive cx:implcs. 

After the construc~tiou of the half dam at Richmond 011 the 'rlrnmes, in Enp;land, the 
use of pleasure boats increaser!. On the other hand, hy the removal of the lmlf dam on 
the Clyde at rnasgow, Scot., in lSi!J, on the mistaken theory that this would benefit the 
harbor by increasing the scour," a good cle:il of damage wns done to boating, then a 
poµular pastime" (evidence, p. 457); while, on the rebuilding- or the weir, lately 1inishccl, 
S() as to prevent further rlamage to the harlior, it is lH"edictccl that it will" enable-tile 
citizens to enjoy the use of the river for lJo:tting." 

The Dee Conservancy Hoard, at Chc~ster, }}Ilg., reported that the dam there, which 
k~eps out the ordinary tides, would, if rcmo,·cd, "ruin t,he beautiful basin of almost 
still water, which is immensely enjoyed for boating" (evidence, p. 456). 

_We have another illustration right at hand. The Cambridge Casino, on the Charles 
.River, near the foot of Hawthorne Street, was furnished with a boat house. At first the 
boats and canoes were used zealously, but the strong curreuts and the high, muddy 
banks, at all times below half tide soon discouraged boating, and later, hoating practi
cally ceased. The canoes were all removed, most of them to tl1e upper parts of the 1·iver, 
with constant level and sli!!"ht currents, though much farther from the owners' homes 
than the tide water at the Casino. 
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into the basin, the sources of this sewage and the possible 
means of its exclusion. 

Next, the question of the deposits already made in the 
basin, from sewage which has been coming into it m the 
past, was investigated. 

Following this inquiry, the experts and engineers of the 
committee took up the study of the question as to whether 
fresh or salt water permitted better sanitary conditions ; 
the effect of each upon the bacterial life in the basin was 
studied, and examinations were made to. test, in each case, 
prevalence of mosquitoes and the consequeqt effect upon 
inducing malaria. 

These studies of a biological character were accompanied 
constantly by thorough chemical tests, so that the experts 
of the committee have endeavored by all scientific methods 
to study the problems involved in the formation and sani
tary maintenance of such a basin from every point of view. 

The results of these examinations are found in the series of 
reports made by the chief engi11eer and the several experts, 
and are printed as appendices to this report. 

The Present Condition of tlie Basin. 
In considering the question, the present sanitary cond,ition 

of the basin must be borne in mind. There are in the basin 
to-day unsanitary conditions, which must be remedied even 
if a dam is not built. 

The Fenway. -The influx of sewage into the Fenway 
has transformed this body of water from a water park into 
a drainage canal. The Fens were not offensive as long as 
Stony Brook discharged through its old channel, in accord
ance with the original plans of the park department, and 
the present conditions have been largely caused by the 
building of the new Commissioners' channel. The present 
conditions are a nuisance to the people living in the vicin
ity, and destroy the usefulness and beauty of the Fens as 
part of the park system. The objectionable sewage at 
present entering at various points in both the old and new 
channels of Stony Brook should be removed. The necessity 
for immediate relief is fully set forth in the report of the 
street department, sewer division, of the city of Boston for 
1901, ii1 which it is proposed to construct a 12-foot chann~l 
from the present Commissioners channel to the Charles 
River, at an expenRe of $300,000. While this solution of 
the difficulty will relieve the Fens, it will transfer the trouble 
to the river basin at the present outlet of the Fens. 
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The J.lfain Basin. 
Direct sewage now enters from the houses on the water side 

of Beacon Str~et which should be cut out. There exist in the 
main basin large areas of fiats covered with sewage mud, which 
are exposed at low tide, and which the Board of Health of 
the city regard as a "well-recognized public nuisance." 
These should all be dredged, if there is to be no dam. 
There is a discharge of the combined overflow sewage in times 
of storm from the sewerage systems of Boston and Cam
bridge which should be stopped or curtailed as soon as 
possible by the introduction of the separate sewerage sys
tem, already begun in Cambridge and of£cially recommended 
by the sewage division of the street department of the city 
of Boston in its report for 1901. There arc numerous breed~ 
ing-places for mosquitoes which ought to be removed. 

CONCLUSIONS. 

Basing its conclusions on the study of these conditions 
and on the reports of its engineer and special experts, the 
committee finds as follows : -

Fresh water, gallon for gallon, disposes in a normal manner 
of more sewage than salt water ; the tendency of salt water 
is rapidly to precipitate sewage in sludge at the bottom. 

For the proper disposition of sewage in water, it is essen
tial that the water be well supplied with oxygen. This is 
accomplished by the contact of its surface with the air, and 
this surface water is carried down by the action of the waves 
and currents, and especially by the vertical movement caused 
by changes of temperature. Bodies of fresh, nearly still 
water are well oxygenated to a depth of 25 feet or more in 
ordinary summer weather, and to much greater depths with 
the autumn cold. No considerable part of the basin, with a 
permanent level at grade 8 or 9, would be over 25 feet in 
depth. 

Letting in salt water under the fresh interferes with the 
vertical circulation necessary for oxygenation, and the salt 
water under the fresh- soon loses its oxygen if any waste 
material is admitted into it. 

Changing a fresh water basin into a salt from time to time 
interferes with the bacterial animal and vegetable growths, 
which effectively aid in taking care of and digesting sewage. 

A. comparatively still body of fresh water with animal 
and plant growths will dispose of a considerable amount of 
sewage admitted from t;me to time, and will tend to purify : 
itself, even if no morn fresh water is added. __J 
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Such a body of fresh water will dispose of more sewage 
if comparatively still than if in motion. 

Most of the sewers in Cambridge and practically all in 
Boston carry both house sewage and storm water in the 
same conduits, which are called" combined sewers." These 
all connect with the intercepting sewers of the metropolitan 
system on both sides of the river leading into the lo,ver part 
of Boston harbor; and in dry weather the metropolitan 
sewers take all the sewage, none of which goes into the 
basin with the exception of the sewers to the houses on the 
water side of Beacon Street, and some emptying into Stony 
Brook which find their way into the Fenway. The metro
politan sewers are not nearly large enough, however, to 
take both the house sewage and that very much larger body 
of liquid called the storm water in times of heavy rains and 
rapidly melting snows; and the surplus of this mixed storm 
water and house sewage, called the "storm overflow," is 
emptied into the basin, excepting when the storm water is 
small in amount. 

The amount of house sewage that thus finds its way into 
the basin is not nearly as great as 7 per cent. of the total 
volume,* as contended by some authorities. Yet as found 
by careful measurement and observation it is not safe to 
assume that, at the dry season of the year, jt is less than 3 
per cent. of the total. This is somewhat more than sup
posed by other authorities. The sewers of "\Vatertown, 
Newton, of parts of Brookline and of a fraction of Cam
bridge are on the separa,te plan, in which all rain water is 
turned into the natural water channels and there are no 
overflows of house sewage into the river. 

Although the amount of fresh water coming over and 
through the 'Watertown clam is found by careful measure
ments to seldom average less than 70 cubic feet per second 
for the 24 hours in dry seasons, there is good reason to 
believe this_ is sometimes reduced to 30 cubic feet a second, 
for a month at a time, by storage in mill ponds while tur
bines are shut d:nvn. 

The water coming over the vVatertown dam is well sup
plied with oxygen, nearly colorless, and, except in the 
driest weathei;, nearly fit for a water supply; the only 
wastes polluting it, and which in dry weather somewhat 
diminish its purity, are chiefly from factories at vYatertown 
and ,,valtham, and can be removed. 

Notwithstanding the amount of sewage that enters the 
basin even at present, which our chief engineer estimates as 

* The Cambridge sewer clocks ha.ve not been relied on as furnishing .final da.ta, for 
the reasons stated in the engineer's report. ' 



18 CHARLES RIVER DAM. 

equivalent to the constant discharge by a population of 
from 5,000 to 8,000 people, including that which comes 
from the Fens and from the Beacon Street houses, it is the 
unanimous opinion of the engineers and experts of the com
mittee that a fresh-water basin, owing to its supply of oxy
gen and large area, would not affect injuriously the health 
of the inhabitants in the neighborhood. 

Malaria is only spread from person to person by means 
of the anopheles mosquito. This mosquito breeds only in 
small pools of fresh or partially salt water; it does not 
breed in a large basin, with properly constructed shores 
open to the winds, anJ supplied with fish, eveo if the water 
is fresh. There are now, however, many breeding-places 
of this mosquito on the borders of and near Charles River, 
which have been located. 

It is not true, as has been contended before the com
mittee, that there is a large inflow into the Charles River 
basin of salt water direct from the ocean twice every twenty
five hours. A study of the currents shows that the water 
near Harvard bridge at high tide cannot come from the 
ocean direct, but at the best from the upper middle harbor 
as it was at the preceding low tide ; and this is made up of 
what came from the Charles and Mystic rivers with the pre
ceding ebb, mixed with what sea water stayed in the eddies 
and lagoons or was retained between the wharves from the 
high tide preceding that. A. good deal more of the water 
making up the body of high tide at Harvard bridge comes 
from points still less remote. In short, the water in the 
estuary of the Charles surges back and forth day after day, 
and only gradually finds its way. to the sea; the water at 
high tide near the Harvard bridge is on- the average 8 
degrees warmer than at Boston Light; when examined bac
terially, it is not superior, if it is equal in purity, to the water 
at the same place at low tide when there is no sewer over
flow going on ; it is not as pure as the water coming over 
the vYatertown dam. 

Examined chemically, the high-tide water at Harvard 
bridge is somewhat better than the low-tide water; and the 
incoming sea water at Cmigie bridge is about the same 
chemically as the water at the "\V"atertown dam, exqept that 
the latter in summer weather is at present somewhat injured 
by certain factory wastes, which can be removed, as already 
stated. 

It is not true, as contended, that the salt-water basin, as 
now existing, lowers the temperature of the air in the terri
tory adjacent to it in warm weather. A most thorough and 
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lonu-continued series of tests with recording thermometers 
has 

O 
amply proved this. The substitution of fresh water 

would have no effect upon the temperature of the air, this 
being controlled by the direction and force of the prevai~ng 
winds. The water temperature would undoubtedly be raised 
from 3 to 4 degrees as shown by the engineer's report. 

The level of the ground water in the Back Bay would not 
be raised by maintaining the level of the proposed basin at 
grade 8. The building of a tight wall with an embankment 
behind it, and the construction of a marginal sewer, emptying 
at grade 6, below the dam, into which some of the ground 
water could be drained in the immediate vicinity, would 
probably enable the basin to be maintained at grade !:!, 
should it prove advisable, without interfering in any way 
with the ground-water level in the Back Bay. The old mill 
dam under Beacon Street was practically water-tight, and 
the ground level beyond it seems to be chiefly controlled 
by leakage into the sewers. 

The combined sewers flowing from the Back Bay and from 
certain of the lower parts of Cambridge, in case of heavy 
rains during high tide, back up into and overflow the cellars 
of the houses to an extent that is a constant menace to the 
residents. If a permanent grade of 8 or 9 were maintained 
in the basin, this nuisance and danger to health would be 
removed. 

The Fens basin furnishes no criterion for the condition 
of the large basin, nor of the Fens, if both were mairl'
tained as fresh-water basins at a permanent level, even 
under present conditions of sewer overflcnv. The Fens basin 
bas far too little fresh water either in it or flowing into it 
in dry weather properly to care for the amount of sewage 
and waste admitted. The present circulation of salt water 
from the Charles River, as now established and carried on, 
is only about 30 per cent. of what the authorities supposed 
when they testified at the hearings ; and this partially salt 
water stays under about 2 feet of fresh, loses all its oxygen 
and rapidly precipitates sewage sludge, which is in a state 
of fermentation with anaerobic bacteria, and .emits nauseous 
gases. The condition is worse than if no salt water were 
admitted. 

In the main basin the appearance during storm overflows 
is often worse than the reality, as the turbid fresh water 
floats over the salt in rather thin layers. If the basin were 
fresh, that condition would not exist. 

With the introduction of the new high-level sewer of the 
metropolitan system on the Boston side, which will be fin-



20 CHARLES RIVER DAM. 

ished in less than two years, the amount of sewage entering 
the basin will be much less than at present. 

THE EFFECT OF A DAllr ON BosTON HARBOR. 

In undertaking this study your committee found itself 
obliged to enter a wide field of investigation. 

In the appendices to this report will be found, in the first 
place, a study of the geological character and history of the 
harbor and its present condition, explained from a geological 
point of view; secondly, a study of the supposed shoaling 
and of the existing currents, measured not only at t.lrn sur
face but at various depths, and especially near the bottom; 
and, lastly, a consideration of the problem from the point 
of view of modern engineers. 

The work suggested by the Board of Harbor and Land 
Commissioners in their report of 1894 as necessary for a 
proper determination of the questions involved has been 
carried out. 

First, it may be said that Boston harbor has no sand bars 
and hooks at its entrance, like New York harbor and almost 
all the other harbors farther south. The Broad .Sound bar 
through which an entrance is soon to be dredged, is com
posed of clay, sand, gravel and boulders; and the sand 
beaches in Massachusetts Bay, both north and south, are in 
coves with rocky headlands. Arguments drawn from sandy 
harbors are, therefore, not applicable to that of Boston. 

Sand from the submerged drumlins and the islands of the 
lower harbor, which were formerly being washed away into 
the surrounding water, but arc now practically all guarded 
by stone structures built by the United States government, 
no longer courns in as formerly. 

In going on with the study of this problem more in detail, 
the committee found itself face to face with a long-accepted 
theory of the maintcnanc.e of Bor;ton harbor, which, in the 
encl, it has felt obliged to reject. 

This theory was accepted by the United States Commis
sion on Boston Harbor, which, from 18.59 to 18GG, made 
ten reports to the city of Boston on this subject. The 
theory adopted was that of the so-called "tidal scour;" and 
under it improvement of the harbor should be so conducted 
as to maintain and even increase the tidal prism in reserve, 
the action of ,vhich was supposed to be necessary to main
tain the depth of the channels in the harbor. 

In 18G6, when the last of these reports was ma,de, Boston 
harbor was still a natural one, with practically no improve-
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roent by way of dredging. There were portions of the upper 
main ship channel which "had a least depth of 18 feet at 
mean low water, with a least width of 100 feet;"* and in 
1894, when the Board of Harbor and Land Commissioners 
made its report, there were portions of the channel with a 
minimum depth of 23 feet and a least width of 625 feet. 

The present project of the United States government, that 
of 1902, under which work is now being conducted and for 
which appropriations have been made, includes the making 
of a new entrance to Boston harbor across the bar of Br.oad 
Sound, 1,500 feet wide, with a minimum depth of 35 feet 
at mean low water, and a channel thence to the Navy Yard, 
with a minimum width of 1,200 feet and the same minimum 
depth. 

For the future, Boston harbor will be an artificial one. 
The great_ extent of the dredging already done and proposed 
in the main ship channel, in comparison with the undredged 
area, is clearly shown on a map annexed. The natural con
ditions have been so altered by dredging that such equilibrium 
of forces as maintained the original channels has been en
tirely destroyed. 

The modern steam dredge, the air drill and high explosives 
have so increased the efficiency and diminished the cost of 
la.bor that engineers can now accomplish more than could 
have been done in 1866. The shoaling, then feared, would 
no longer be an irreparable injury. The wealth of the com
munity and the value of its commercial and wharf interests 
are so great as to have completely changed the relation of 
the harbor dredging to shore improvements. 

While these considerations are quite enough to lead your 
committee to believe that it is no longer necessary to main
tain the tidal reservoirs intact, yet it deems it its duty to 
consider further the original theory of tidal scour, as pre
sented by the commission of 1859-66. 

The commission of 1859-66 advanced the fundamental 
theory that : " ·were these reservoirs [ the basins of the 
Charles and Mystic rivers and Chelsea Creek] closed, the 
larger part of this main artery [the ship channel of Boston 
upper harbor] would in the course of time cease to exist, 
for it is but the trench dug through the yielding bed of the 
harbor by the passage to and fro of the river and tidal 
waters." (Tenth report, Boston City Document No. 50, 
1866, p. 50.) This statement is quoted in the report of 
the Board of Harbor and Land Commissioners of 1894. 

• Iwport of Chief of Engineers, U. S. A., 1902, p. 98. 
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That fundamental theory, once adopted, naturally afl:euted 
the conclusions of the United States Commission. That 
theory, however, we find to be wholly erroneous. 

It is now clearly shown that the main channels of Boston 
harbor did not originate from the scour of the tidal waters, 
but are valleys eroded by the rivers in the broad, deep 
deposit of blue clay laid down near the close of the glacial 
epoch, when the land was higher than now, and since sub
merged during the slow subsidence of all this district. These 
rivers were then much larger than now, owing to the melting 
snow and ice on the retreat of the glaciers. In other words, 
the harbor channels are strictly ·what may be called a series 
of drowned valleys. 

It is important to note that the conclusions of the United 
States Commission as to the scour in Boston harbor rested 
largely upon the experiments of the Dutch engineer, Dubuat, 
made in 1780. These experiments were carried on in a 
wooden channel 18 inches wide, with water less than l foot 
deep, and are of little significance when extended to large 
streams or large channels acting upon natural compact ma
terials.* 

The Board of Harbor and Land Commissioners, in the 
report of 1894, p. xvii, also seem to have followed the 
United States Commission, for they say: "From these 
[ current observations J it appears that the velocities of ebb 
and flood currents rarely exceed 1 mile an hour between 
Boston and East Boston. According to Dubuat, a velocity 
of .15 of a mile an hour is 'sufficient to remove clay fit for 
pottery,' ·with which the stiff clays forming the natural bed 
of portions of the harbor are classed." 

The velocity of currents necessary for erosion in natural 
conditions, as found by the engineer of the committee and 
by Mr. Hiram F. Mills, in actual practice are much greater 
than the velocities given by Dubuat. 

In this matter we are not entirely dependent upon theory. 
The bottom of Boston harbor is covered with an average 
depth of from 6 inches to 5 feet of light, sandy mud. This 
appears everywhere excepting where dredging has taken 
place, showing that the currents are too feeble even to erode 
this softer material enough to leave bare the original hard 
bottom. The Board of Harbor and Land Commissioners, 
in their report in 1895, say: -

'' Out in the harbor all the material dredged excepting 
the places at the mouth of the Charles River previously 

* Dubuat bimself suggests this difference, which sug-gestion both the commission of 
1866 and the Harbor and Land Commissioners of lb'94 seem to have overlooked. 
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described in the report bas. been sand, clay, gravel or hard
pan. The channels so dredged maintain their depths, and 
it has not been necessary to redredge them except in two 
cases. . . . In almost every case where dredging is done in 
the harbor, there is found on the surface a black deposit of 
varying thickness, but not exceeding one foot." (Sen. Doc. 
303, 1895.) 

It is important to note that tidal scour is an advantage 
only when under exactly the right conditions. There are 
well-known instances of harbors with little or no tide or 
river currents that have maintained their depths far better 
than other harbors with strong currents. ·whatever is 
eroded from one place finds lodgment in another, and the 
pla:ce of settlement often turns out to be in some of the 
broader parts of the lower harbor, or at its mouth. 

An instance of this appears in the case of the Clyde at 
Glasgow. The old weir or half dam in the upper reaches 
was removed in 1879 for the express purpose of benefiting 
the harbor by increasing the scour. It worked so badly 
and caused so much damage and expense that the weir has 
been rebuilt solely for the purpose of preventing the dam
age that was being done to the harbor by currents ( see evi
dence, p. 457). 

The Thames Conservancy Board predicted, about eight 
years ago, that the half dam, then about to be built at Rich
mond, and which would cut off a large part of the tidal 
prism, would result in serious shoaling below. That Board 
now states "Its effect upon the regime of the river as a 
whole cannot be said to be injurious" (see evidence, pp. 
384, 385). 

The Charles and Mystic rivers are not silt-bearing streams, 
and what little silt may be found in the lower Charles, from 
street wash and the like, will be kept out of the harbor by 
the settling basin formed by building the dam. 

Mystic Lake, near the mouth of the Mystic River, is 
deeper than any part of Boston harbor .. That it has main
tained this great depth is clear proof of the small amount 
of silt that has come from the river. 

The Board of Harbor and Land Commissioners, in their 
report of 1894, called attention to the apparent deepening 
of Boston harbor between 1835 and 1861, and the apparent 
shoaling from 1861 to 1892, during which period the tidal 
reservoir was so greatly reduced by the filling in of the 
Back Bay (pp. xvii, xviii, report of 1894). 

That there has been no such shoaling is conclusively 
proved by borings which this committee has caused to be 
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made, at places where this shoaling is supposed to have taken 
place; and the samples show the ancient mucl, hereafter 
spoken of, at less than the average depth in Boston harbor, 
overlying the old clays dating from the end of the glacial 
period ; and this notwithstanding that the tidal prism 
of the harbor above Governor\; Island bas been greatly 
diminished. 

Geological observations show that the accumulated silt or 
sanely mud, so universal on the bottom of Boston harbor, is 
very ancient, covering in its growth climatic changes and 
changes in the level of Boston harbor shown by the presence 
of varieties of shells no longer living north of Cape Cod, and 
the interstratification of this silt with peat in the surrounding 
territory. That the process of accumulation is very slow is 
shown by the estimate that it has taken five thousand years 
to gather together from 2 to 5 feet, and there has been no 
tendency to wash any of this out to sea by the action of the 
currents at the bottom. 

Another most important theory, on which the commission 
of 1859-Go based its report, is that of the " seaward gain" 
of the currents in the harbor. In the tenth report, p. 52, 
also cited in the report of the Board of Harbor and Land 
Commissioners in 1894, it is said : '' A grain of sand would 
daily make two journeys, one up river, represented by 3.15 
hours, in which velocity exceeded .3 mile per hour, the other 
seaward, by 5.18. The seaward gain is therefore fully in 
the proportion of 5 to 3; there is, then, at this point power 
sufficient to keep the channel free. . . . Except for the 
tides hurrying through this avenue to and from the basin 
above, the present good depth of water could not be main
tained." 

It is true there is a seaward gain of the currents as meas
ured near the surface, though the proportion of 5 to 3 is 
not established by any current measurements recorded by 
that commission or that we find now, nor by any excess 
caused by the fresh-water flow of the river, called "back 
water," of which we now have accurate measurements not 
known to the earlier commission. But, measured from the 
bottom, where the erosion takes place, the gain is not sea
ward, but landward. This seems to be explained by the 
fact that, with a flood tide, the cold and heavier salt water 
dips under the warmer and brackish water and keeps nearer 
the bottom. (See chart of current curves in the appendices 
to the engineer's report.) 

It is due to the United States commission of 1859-66 
to say that at the time of their report physical data were 
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very incomplete, the glacial theory had not been developed, 
and instrument:'J of measurement were far less accurate than 
at present. It is not surprising, therefore, that this com
mission, reporting nearly forty years ago, should have been 
led into a wrong hypothesis as to the origin of Boston 
harbor. 

Your committee has gone into this whole question with the 
conviction that no enterprise should be undertaken in Boston 
or vicinity that would affect in any unfavorable manner the 
future of Boston harbor. It believes that this great harbor 
is a viti.l factor in the commercial development, not of 
Boston and :Massachusetts alone, but of the whole country ; 
but it feels convinced that benefit rather than harm will 
come to the harbor from the erection of a dam, and that, 
should any shoaling occur, it will be small and of light 
material, and can easily be removed under the modern 
methods of dredging at small expense. 

Co~rn,ERCIAL INTERESTS. 

The traffic on the Charles River in the delivery of coal 
and other material, either to wharves upon the river itself 
or upon the canals in Cambridge, is one that your committee 
feels should be preserved, whether this traffic is at present 
large or small, or whether it is increasing or diminishing. 

The construction of a dam with a proper system of locks 
and with such dredging as is indicated below will, in the 
judgment of the committee, rather facilitate than hinder this 
traffic. The formation of ice in the winter will be a pos
sible objection, and an estimate of the probable expenditure 
necessary to protect the annual traffic has been prepared. 

In view of the recommendation of the Craigie bridge as 
the site of the dam, the committee has considered the need 
of sufficient room for manceuvering vessels between that 
bridge and the Lowell Railroad freight bridge, immediately 
below. The evidence submitted to the committee is that a 
space of 320 feet is necessary, and the committee finds that 
the requisite space can be obtained by moving the Boston 
<-~ Maine Railroad freight bridge slightly to the east, and 
recommends that 400 feet be secured, if practicable. 

As the railroad company is under contract with the fed
eral government to renew its present pile bridges with 
modern structures at an early day, the committee recom
mends that the railroad be required to locate their new 
bridges in such a manner as to give the requisite space. 

Counsel for property owners on Broad and Lechmere 
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canals have submitted to the cbmmittee a stipulation of cer
tain conditions which they regard as essential, with reference 
to the size of the loeks, dredging the crtnals, the maintenance 
of the sca-walb on the cannJs, and maintaining the canals 
free from ice in the winter. These conditions, so far as 
they refer to free maintenance of locks large enough to ac
conunodatc the largest vessels which will be used on the 
Charles, and the maintenance of access to the canals free 
from ice, should be complied with; and, in consideration 
of the posi:iible future development of commerce, the com
mit.t,oo would recommend locks of even greater width than 
those suggested by the engineers of I.he proprietors. 

The Br.oad canal is owned by the proprietors of the banks 
as tenants in common under an agreement dated in 1806, 
by which they are authorized to maintain a canal at a depth 
of 9 feet, and they undoubtedly have certain riparian rig):lts 
of access to tide water. Any act authorizing the building 
of a· dam should contain a provision that the owners of pri
vate property on the river above the dam should recover 
damages for any injury occasioned to their property by 
reason of the construction of a dam and the consequent re
duction of the ·water level. It is the opinion of the com
mittee, and also of those interested in the river traffic whose 
testimony is before the committee, that the maintenance of 
a permanent water level at the elevation of mean high tide 
would be a material benefit to owners of wharf property 
above the dam. 

If the basin is maintained at grade 8, Boston base, a depth 
equivalent to the present mean high water can be obtained 
by a moderate amount of dredging in the canals, and prob
ably with comparatively small expense for strengthening 
the walls. The walls along t)lese canals were in most cases 
built about twenty years ago, and in many places are ruin
ous, and must soon be rebuilt at the owner's expense. It 
is probable that the dredging of the canal to the depth 
called for by the owners at the wharves will result in many 
cases in causing these walls to fall in. The cost of dredg
ing and rebuilding these walls and dikes, as might be 
called for under a strict construction of the owners' de
mands, is estimated by Mr. Hodgdon to be $331,735. In 
view of the benefit which these canals will receive by hav
ing a constant water level, and of the fact that walls will 
in many cases require rebuilding at an early date, the com
mittee feels that the stipulation by the owners of these 
premises, if fully compiied with, would place them in a 
much better position than they now enjoy. Dredging these 
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canal:; in the manner prnpo:;ecl by :Mr. Hodgdon in his re
port, p 423, with tl1~ riprapping _o!' tltc slopes, would, lea,·e 
the canal;; in as SL'l'l'll'Cr1,h]c coml1t1on as they now are at 
mean high tides, and this can bu done at an expense of 
S-W,000, for work in the canals, which seems to the com
mittee an equitable adjw-t;111e11t of the elaim. A moderate 
amount of aclclitio11:1,L dredging in the lxisin would be re
quired. The cost of this would not exceed $25,000. It 
was stated by counsel for the owners that $80,000 would 
probably cover the co:;t of their rec1uirerncnts. An exam
ination of the photographs which accompany this report, 
showini:?: the condition of these canals at low water, will 
give so~ne idea of the limitations placed upon commerce in 
these canals under present tidal conditions."' 

R8CO)DrENDATIONS. 

The committee recommends that a clam be built, suffi
ciently high to keep out all tides ; and that a fresh-water 
basin be maintained at a permanent level not below grade 

* The maintenance of n. level at grade 8, J3oston l.,asc would be a. reduction from 
mean hi"h water level of 2.2 feet. J3oston base is .64 feet fielow mean low water at the 
Navy Y:trd. Predicted high tides at .Bostou Navy Yard in 1902 ranged from 7. i to 11.6 
feet abo,·e mcau low.water lc,·el, the mean rise of tide in Charles River beincr f.l.6 feet 
al.Jove mean low-water Jm·cl, which i~ a rise equivalent to gra.dc 10.24, J3oston base. 

'fhc owners of property ou the Uroad nrn.l Lcchmm·c canals in their stipulations 
rc(1ucst that in case a tlarn is lmilt, these canals should ~Jc drerlged so as to gh·e them a. 
vennanent depth, with the water at grade~. which would be from l to 2 feet deeper in 
the channels antl from 4 to 7 feet deeper at the whan-es than the rlepth which they hnve 
at present upon s7wing ticles of lL feet; antl they also ask to be paicl for the rebuilding 
of the walls, which may be necessitated by dredging for obtainirn.{this increased depth. 
Spring tides of 11 feet occur monthly. 'l'he highest predicted tides of 11.fi feet in H)02 
occur :1l10ut four times during the year, aucl nt such times, for a period of three or four 
days, tile 1·ise of the tide ranges from ll to l l.5 or ll.6 feet. 

'l'hc stipulation of the owners of property on Broad canal requests dredging which 
would ~ivc a constant water lC\·el "lJctween the rh~cr and the Third Street draw, to an(l 
at the wharves, or 18 feet, between the Third and Sixth St,.cet draws of not Jess than 
14 feet, al.Jove the Sixth Strcet draw to the railroad draw of not less than 12 feet, and 
above the railroad draw of not less than 10 feet." 

'flw owners of l)roperty on Lcchmcrc canal stipulate for dredging which will give a 
constant depth of 18 fcet up to Sawyer's lumber whar[ and 14 feet above that point. 

Under present conditions, with a spring tide of 11 feet, l3road canal, between the 
Charles River and the Third Street dra"', has a greatest depth of 16.6 feet in the middle 
of the channel, with from Jl.U to 13.6 feet at the wharves; between Third and Sixth 
streets it has a greatest depth of 12-6 feet in the channel, with from 8.6 to 10.6 feet at 
the wha1Tcs; between Sixth Street and the rail,.oad it has a depth of ll.G feet in the 
channel and from 6.6 to 8.6 feet at the wharves; above the railroad it has a depth of 5 
feet in the channel, and the canal is being used as a dump. 

Lechmere canal, with a spring tide of 11 feet, has a depth of from 12.6 to 15.6 feet in 
the channel and from 10.6 to ll.6 feet at the wharves up to Sa\\'yer's lumber wharf; 
above Sawyer's lumber wharf it has a depth of 12.6 feet in the channel, with from 10.6 
to l 1.6 feet at the wharves. 

While owners may intend to clock vessels on spring tides, they cannot take advantage 
of this to its full extent, as vessels are often detnined'by head winds and otherwise, and 
the tides may be held below their predicted height hy west winds or other causes. 

The dredging stipulated for, nevertheless, calls for a constant depth which is greater 
than t/uit now existing "pon spring Mdes of 11 feet, as follows: Broar! canal, between 
the river and 'l'hird Street, in the channel ·1.4 feet and i,t the wharves from 4.4 to 6.4 
feet; lJetwecnThircl and Sixth streets, in the channel 1.4 feet and at the whnrves from 
3.4 to 5.4 feet; between Sixth Street and the railroad, in the channel .4 of n foot !llld at 
the wharves from 3.6 to 5.G feet; nbove the railroad, 4.4 feet. Lechmere canal, in the 
clmnnel up to Sawyer's lumhm· wharf, from 2-4 to 5.4 feet anct at the wharves from 6,4 
to 7,4 feet; aborn Sawyer's lumber wharf, iu the channel 1.4 feet and at the wharves 
from 2.4 to 3.4 feet. 

These depths arc taken .from the soundings on nroad :t tH! Lech mere canals, as shown 
in map nnnexed to the engineer's report, and the tide ra~J?.CS are taken from the tide 
taliles of the United States Coast and Geodetic Survey of lw2. 
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8 or above grade 9. As this basin is to be used for park 
purposes, it is essential that the condition of the water 
should not only be harmless to health, but also that there 
should be no suggestion of sewage ; that the water be as 
pure as reasonably possible, and thus both the factor of 
sanitary safety and the enjoyment of the water park be 
increased. Therefore, the committee recommends that cer
tain changes be made in the present systems, which can be 
done at reasonable expense, and that the following changes 
be made conditions precedent to the building of the dam. 

First. - That, in accordance with the recommendations of 
the engineer, all direct sewage and factory waste be taken 
out of the Stony Brook channel and out of the Charles River 
between vValtham and Craigie bridge; that the connection 
between the new Stony Brook channel and the old Stony 
Brook channel and gate house in the Fens be constructed, 
and that the old Stony Brook conduit be rebuilt, the cost of 
both being $347,000, or, in the alternative, that the 12-foot 
conduit recommended in the report of the sewer di vision of 
the street department of 1901, between the mouth of the 
Commissioners' channel and Stony Brook and Charles River, 
be constructed, the expense of which is estimated at $300,-
000. The committee also accepts the recommendation of 
the engineer that the Commissioners' channel of Stony Brook 
be extended to Forest Hills, and that the extension of the 
deep common sewer to Forest Hills be built. 

Secon(l,. -That a marginal conduit be built, as described 
in the engineer's report, from the mouth of the Fenway, 
and preferably from the overflow outlet of the St. Mary's 
Street sewer, to a point below the dam. The structure 
recommended by the engineer is about 16 feet in width by 
13 feet in depth, and would probably be sufficient to convey 
the entire flow of Stony Brook and the storm overflow from 
all of the neighboring sewers in all but the one or two worst 
storms of the average year except during the hours of ex
'treme high water. 

It would be provided with tide gates at its outlet, and in 
moderate storms its capacity would serve to store the flow 
entering until the tide had fallen. In heavy storms at ex
treme high water the surplus will overflow into the basin 
through numerous channels designed to diffuse the discharge 
at many points below the surface and to take their flow at 
or near mid depth of the conduit and thus reject the float
ing material and also the heavier particles. 

It will be a simple matter at any future time to add a 
propeller pump at the outlet, operated from the same power 
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plant which works the drawbridge and the lock gates, by 
which the marginal conduit can be discharged in the hours 
of extreme tide. 

This marginal conduit should be constructed at the same 
time with embankment already authorized by statute in the 
rear of Brimmer and Beacon streets, thus saving consider
able expense in construction. It would discharge below the 
dam. On the Cambridge side the overflow channel from 
Binney Street should, as proposed by the engineer of the 
committee, be continued below the dam, which is a distance 
of about 2,000 feet, with similar arrangements for discharge. 
This would take care of sewage overflow and street wash from 
33 per cent. in area and 58 per cent. of the population of 
Cambridge, the sewage from which at present overflows into 
the Charles River above Craigie bridge. The marginal con
duit on the Boston side connecting with the channel in the 
Fens would furnish a perfect gravity circulation of fresh 
water for the Fens in dry weather, the water flowing from 
the main basin into the Fens to the farther end of the channel 
and through it and the marginal conduit to a point below the 
dam whenever the tide outside is not above grade 6. In a 
similar way a gravity circulation for the B~oad and Lech
mere canals should be furnished by a connection with the 
Binney Street overflow conduit. 

Third. -The existing deposits of sludge, which at present 
fill about one-quarter of the cubic capacity of the Fens in
tended to be filled with water, should be dredged, together 
with certain relatively small deposits in the main basin, 
mostly near sewer outlets, as detailed in the engineer's report. 

Besides these three conditions which the committee deems 
essential, it recommends the following. The separate sys
tem of drainage for the Stony Brook valley and some other 
portions of Boston, as recommended in the report of the 
sti:eet department, sewer division, for the year 1901, should 
be begun and extended with reasonable rapidity, and on the 
Cambridge side the separation already begun should be ex
tended, beginning with the upper reaches of the basin. 

Salt water should not be admitted into the basin under 
the fresh water, as was suggested at the hearing, nor in any 
other way, unless under some unusual condition; 

The banks of the basin should be so sloped and finished as 
to leave no small pools or shallow spots for the breeding of 
malarial or other mosquitoes ; and the many breeding-places 
of these pests now existing near this great water park should 
be destroyed. 

It is important to preserve the greatest possible water 
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area ; and, in building the embankment on the Boston side 
of the river, between the "\Vest Boston and Cottage Farm 
bridges, authorized under chapter 435 of the Acts of 1893, 
to be constmctcd 300 feet wide in the rear of Brimmer 
Street and 100 feet wide in the rear of Beacon Street, the 
surface of the river should not be encroached upon more 
than is necessary. 

Your committee recommends Cmigic bridge as the site of 
the clam for the following reasons : -

The borings indicate a good foundation there. This site 
continues the water park opposite the whole of the Charlcs
brLnk, and ])]'ings it nearer to the crowded portions of the 
North End of the city of Boston. The chief reason, how
ever, for the location decided on, i;:; that it will serve for a 
new bridge. The present Craigie bridge is old, and will 
soon have to be rebuilt. It serves as the only artery from 
East Cambridge and Somerville to Boston. It is near many 
of the large freight yards, is much crowded with heavy 
teaming, and many electric cars cross it. Blocks are fre
quent, and property would undoubtedly be improved in the 
neighborhood were a broader roadway supplied. 

Olwractei· of the Structm·e recommended. 
The committee refers to report of the chief engineer for a 

more detailed description of the structure which is recom
mended. 

In brief, it is intended to serve both as a dam and as a 
bridge and to have substantially the construction recom
mended by the Joint Board of 1894. 

That Board recommended a dam with a 100 foot roadway. 
"re suggest that this width be ii1creascd by 30 feet in order 
to provide a space of from 15 to 25 feet in width along the 
up-stream edge, on which suitable sc:its can be placed, giving 
the inhabitants of the neighboring thickly-settled districts 
of Boston a,nd Cambridge convenient opportunity to enjoy 
a view of the basin. 

vVe also recommend a sornewlmt higher grade for the top 
of the darn near the lock and draw, similar to that proposed 
by the city engineer in bridge designs Nos. 3 and 4, and 
fur the same purpose, namely: to admit tug-hoats and 
barges without mftsts to pass the lock without interrupting 
the traffic over the bridge. 

V{e recommend a lock 350 feet in length between gates 
of a clear width of 45 feet, ,i1ith a drawbridge of 50 feet 
clear opening, with a depth over the sill of the lock of 13 
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feet at mean low water. It will be noted that these dimen
sions of the lock are considerably larger than those recom
mended by the petitioners or by the Joint Board of 1894. 
To increase thc111 further would add an amount to the cost 
of construction and rnaintcnance which appears out of pro
portion to the actual or prospccti vc demands of navigation. 

On examination of the various studies and plans proposed, 
including that of the Joint Board of 1894 on file in the office 
of the State Board of Health, your committee folt that it 
was not necessary to make fresh clctailccl drawings for con
struction, inasmuch as the drawings prepared for the Joint 
Board appear sufficient for the preliminary estimate. 

Our engineer has reviewed these original drawings and 
estimates, and reports that he finds no recent developments 
which ·would lead to any material change except for the in
creased quantities, clue to n, somewhat larger cross-section 
of the stream at Craigie bridge and to increased width of 
the clam and its greater head room at tho drawbridge. 

]\faking ample allowance for those increased <]Ua11tities, 
together with a margin for increased cost of building opera
tions at the present time, we consider that these additional 
expenses ·will be co,·cred by the addition of $590,000 to 
the estimate of the ,Toint Board, making the total cost of the 
clam, including roaclwn,y, drawbridge and lock, $1,250,000, 
or substantially tho same as the cost of equivalent bridge 
No. 3 as estimated by tho city engineer ( exclusive of grade 
damages). 

Cosr. 

The cost of a hriclgc will be about as mnch, or perhaps 
more, than tho whole cost of the clam. 'J'hc \Vest Boston 
bridge is to co:-;t $t,500,000, the Charles River bridge has 
crn;t $1,fi00,000. Four estimates have been nrncle by the 
Bo::;ton eity engi1icor for the cost of a new bridge to rcpl::tce 
tho Craig-ic bridge, tho first being $,%4,430, the second 
$1,148,458, the third $1,MiB,31i2, and the fourth $2,044,G87. 
The cor,;t of the clam is stated by our engineer as follows: 
"The cor,;t of the da111, inclucli11g bridge and lock combined, 
would cost but little if any more than the equivalent bridge 
100 feet in width." 

As to tho cost of the whole undertaking, the clam itself 
should not be charged to the basin improvement account, 
but :-;hould be charged to the same cities as would have to 
pay for a new bridge. The work required to be clone in 
the Fen way should be charged wholly to the city of Boston; 
for that work, already recommended by Boston officials, 
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should be done, even if a darn is not built. The construc
tion of the embankment and filling in the rear of Beacon 
and Brimmer streets, already authorized by statute to be paid 
for by the city of Boston, should also be paid for by that 
city, excepting whatever excess of cost may be necessitated 
by the construction of the marginal conduit recommended by 
your committee. The cost of maintenance will be but little 
more than the cost of maintaining a drawbridge, which 
would fall in any case on the cities maintaining a, bridge. 
For this reason no sepamte es_timate is included. 

The total co~t of the recommendations of your committee, 
prop81·ly chargeable to the account of the improvement of 
the basin by a dam, will be : -

Marginal conduit on Boston side from Leverett Street to 
:Fens outlet, . 

Extension Fens outlet to St. Mary's Street, 
Marginal conduit on Cmnbrillge side, 
Dredging of basin recommended by engineer, 
Dredging Broad and Lechmere camils and rebuilding walls, 
Keeping channels in and to Broad and Lechmere r:anals 

open from ice, capitalized, 
General contingencies, 

$500,000 
200,000 
150,000 

25,000 
40,000 

100,000 
221,000 

Total, . $1,236,000 

The above does not include the extension of the Stony 
Brook conduit through Fens to Charles River. 

As against this expenditure the following srwing •.vill be 
effected over the plans of improvement of the basin now in 
progress. 

Saving on sea, wall between Cambridge Street and St. 
Mary's Street, 

Saving on sea wall on Cambridge side, 
Saving on grading on Calnbridge side, 
Approximate saving on Metropolitan Park Commission work 

for construction remaining to be done, in case water in 
the basin is held at grade 8, will be, 

$173,000 
112,000 
100,000 

425,000 

$810,000 

From which it appears that the plan here proposed will 
entail an expense of only $426,000 above that of the treat
ment of the basin without a darn, and this without including 
the large expense necessary for dredging in case the basin is 
adapted for public use without the aid of a dam.* "\Vhen in 

• It ls estimated by Percy JIL Blake that the dredging below the Cambridi;-e, River Street, bridge to grade - n would cost $479,168; while the dredging above tins bridge to the same grade would cost $/i.37,777; total $1,016,945. 
The engineer's estimate of the dredl;l'ing necessary in case a dam is lmilt is $25,000, in addition to the cost of dredging materials for dam and· embankment which is included in the estimate of the cost of the clam. 



r -

COMMITTEE'S REPORT. 33 

addition to this the gain in public health, in increased com
merce and in public pleasure arc corn;idcrcd, the immediate 
carrying out of the work recommended would seem to be a 
measure of wise public policy and of economy as well. 

APPORTION:\IENT. 

Your committee proposes to distribute the cost of the 
improvement of the basin proper, seven-twelfths to the city 
of Boston, three-twelfths to the city of Cambridge and one
twelfth each to the city of Newton and the town of V{ater-
town. . 

The distribution of expense just suggested would assign 
the following amounts to the different cities and town respec
tively: -

Boston, . 
C:unbridgu, 
Newton, 
"\V atertow n, 

. $721,000 
309,000 
103,000 
103,000 

Coi\IMISSION OF CoNsnrncTION AND l\'LuNTENANCE. 

Your committee recommends, as a commission to have 
charge of the construction and maintenance of the dam, 
the mayors of the cities of Cambridge and Boston, and 
the Mctropol itan vVater and Sewerage Board ex o:tficiis. The 
latter is composed of three members, one of them being the 
chairman of the State Board of Health. Tliat commission 
has recently constructed some very large dams, involving 
much greater engineering difficulties than the dam proposed. 
It also has charge of the metropolitan drainage systems, and 
is now building large sewers much more difficult of con
struction than the n1arginal conduit and the 9ontinuation 
of the Binney Street sewer. It has in its employ also 
experts on the question of purity of water and the dispo
sition of drainage. It would seem that no Board is better 
equipped for constructing this dam and maintaining the 
basin in good condition than the Metropolitan '"\Vater and 
'Sewerage Board, with the help of the mayors of the cities 
of Cambridge and Boston and the city engineers, who will 
act under the control of the mayors of those cities. 

The committee further recommends that the following 
amendments to existing acts be adopted : ·-

Be it cnactecl, etc., CtS follows: 

SECTION 1. Chapter three hundred and forty-four of the acts of the 
ye:1r eighteen hundred and ninety-one; as amended by section one of 
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chapter four hundred and thirt,y-fivc of Lhc acts of eighteen hundred and 
ninet,y-thre,:, is hereby further :Lmenrled by inserting .in said section 
one, a,fLc:r the word,; '' thcnee running southerly by a straight line", the 
wonls " or a eurved line " ; and after the words, " to the point in 
Clrn-rles river", and before the wonls, "three hundred feet distant 
westerly", the words, '' not less than one hundred feet nor more than"; 
arn I by inserting ,1fter the words '' but no part of said w:1ll sh:111 be less 
t!1a.n one Jrnnclred feet nor more than three hundred feet westerly from 
s:Lid commbsioners' line"; and by omitting the word ''straight", after 
I he wonls '' sonthcrly an, I westerly from the i1fores:1itl ", and before the 
worrl "line"; so that s:Lid section one, as amended, sh:.111 read as fol
lows: ",Section 1. The city of Boston may, by its bo:1rcl of park com
missioners, build a sea wall on the Boston sirle of the Charles river from 
the ,P.:t wall of il:s present park, situated between Crnigie's bridge and 
,vest Boston bridge, to the sea wall of s:i.id river in the rear of Beacon 
street in said city, on or within the following- lines: Beginning ,1t a 
point in the south-west corner of the stone wall of the Charles river 
embn,nkment, or Charlesb:Lnk, t;henee running soul'lierly by a strnight 
line, or a curved line, t:o a point in Charles river not less than one 
Jnmdl'ed feet nor more th:tu three hundred foet distant westerly from 
the harbor commissioner;:;' line, rnc,L,;uring on a line perpemlicul:tr to 
the said eommi:;;;ioners' line at it-,; intersection with the southerly line of 
l\Iount Vernon street; but no p:u't of sa.i,l wa.ll slmll be less tha.n one 
hundred feet nor more th:m three humlrml feet west·erly from said 
eonuni~;;ioncrs' line; thence continuing ~outhcrly and we,;terly from the 
:doresaid perpcmlie11lar line, on snch lines, curYetl southerly and west
erly from the :tforesai,l l inl\, a~ s:1i1l bo:1nl of lmrlwr and land commb
,;ioner~ shall :Lpprovc, to :t point one lnmrlrntl feet or less distant from 
,;aitl ,;e:1 w:111 in the rem· of Beacon street; thence l1y a J inc p:1r:d.lcl 
with said w:1ll to 1'11e wester]y .line of the public p:trk of said eity, 
knoll'n as t:he Baek B,Ly fens, extended to intersect s:1itl line parnl.lcl 
w.ith H:Licl sea w11ll." 

SECTION 2. Section three of s:Li,l chapter four hundred and thirLy
Jivc of the acts of eighteen h11ndre1l aml ninety-three is amcnde,l by 
omitting the words beginning, "The saitl city sha.11, in :Lcldition to the 
said dredging of m:1teria.l for filling", and ending with the words, "in 
their jwlgment is an equal improvement to the harbor of Boston"; and 
by in~ert:ing, after the words " and to the provisions of all gcne1;al 
law,; :1pplic:1ble thereto", the words, "but no compensation shall be 
req11irerl by s:Lid ho:trd from the eity of Boston on account of saicl'sea 
,rn.11 :tnrl filling"; so that s:Licl section three, as amencleLl, shall read :Ls 
fo] low~: " Section :J. The material used for the filling imthorbied by 
said elmpter shall, to sueh grade 1Ls shall be required by the bo:Lrd of 
harhor :illll l:Lml commissioners, be dredged from Charles River basin 
in ,m:h place~ :tllll to sneh 1lepths as the said board, having due regard 
to the requirements of mwigation, the improvement of said basin and 
the quality of material suit:Lble for such filling, shall from time to time 
prc~criiJe. All of the filling, dretlging and other work anthori11ed or 
rer[11irecl by this act ,;lrnll !Jc subject tu the direction and apprornl of 
said boa.rd arnl to the provisions of itll genernl laws :tpplicable thereto; 
hnt no eompen~:Ltion slmll be required by s:1id board of the city of Bos
ton on aceount of sai1l se:1 wall and filling. The filling, dredging and 
othnr work :wthori,r,c,l l1y this act shall also lie subject to the approval 
of 1:10 ~e1,retary of war :LIHl to all laws of the United States applicable 
thnrcto." 

SECTlVX J. Thh act ~h.dl take effect upou its passage. 
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Be it enacted, etc., as follows : 

SECTION 1. That clutptcr five hundred and thirty-one of the acts of 
eighteen hundred antl ninety-eight be so amended that the board of 
metropolit:tn park conuuissioners will have :tuthority to build ,t bridge 
instead of ,t dam from Cambridge to Boston :tt the point therein pre
scribed for building a dam; and that the provisions of said chapter for 
the construction of said llam, as far as applicable, shall apply to the 
construction of said brillge. 

SECTION 2. This act shall take effect upon its passage. 

The committee submiti; the following draft of a bill : -

A,_'{ ACT TO AUTIIOIUZE THE CONSTRUCTION 01•' A DAM ACROSS THE 
CHARLJ<:S R1v1m, BETWJmN Tlrn CITIES OJ,' BOSTON AND CA)I
HRIDGE. 

Be it enacted, etc., as follows: 

SECTIO:N 1. The mayor for the time being of the city of Boston and 
the mayor for the time being of the city of Cambridge shall, with the 
metropolitan water and sewerngc board, all acting ex oJJiciis, constitute 
the Charles rfrer basin commission. 

SECTION 2. Said commission shall construct, maintain and operate 
a clam across Charles river, with a suitable lock, waste ways, etc., 
between Boston and Carnbritlge. Said chm shall be substantially at 
the present site of Crnigie bridge. S:tid clam slmll not be less than one 
hullllrcd feet in width at the top, so built as to ttllow for :t roadway of 
that width, with drawbridge over the entrnnce to the lock, and shall be 
of sullicient height to be cap:tlJle of holding back all tides. 

Said commission is anthorizctl to apply for a.llll take all necessary 
steps to obtain the approval of the secretary of war or other proper 
authoritic,; of the United States for carrying out the purposes of this act. 

Each member of said commission slmll be p:Lid his actual travelling 
expenses and all such other expenses as nmy be incurred by him in the 
performance of his duties under this act, as shall be allowed by the 
governor and council. 

SECTION 3. As a condition precedent to the completion and opera
tion of said chm, said commission slmll c:trry out or cmise to be carried 
out all the recommenchtions made by the committee on Clrnrles river 
dam :tppointed under resolves of nineteen hundred and one, chapter one 
hundred and five, as amended by resolves of nineteen hundred and two, 
chapter one hundred and three, in its report of Jmrnary fourteen, nine
teen hundred and three, excepting as the sitme nmy be modified by said 
commission with the approv,tl of the state board of health. 

SECTION 4. The supreme judicial court or any justices thereof, and 
the superior court or any justices thereof, shall have jurisdiction in 
equity to enforce this act and any order made by said board in con
formity therewith. Proceedings to enforce the same shall be instituted 
and prosecuted by the attorney-geneml, by the request of said board or 
any other p,trty in interest. 

SECTION 5. S,tid commission may allow damages to any wharf 
owners or others on account of the construction and maintenance of said 
dam, and said board may also dredge cmrnls between Craigie bridge 
and '\Vest Hoston bridge, aml tlo such other dredging as they may deem 
proper in said basin; and nmy strengthen or rebuild wharves or other 
structures near said dredging; and they may provide for breaking 
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channels 1,hrough the iee in winter above said dam wit:hin ihe basin; 
and they may assess betterments for said dredging and strengthening 
or rebuilding of wlmrves, under the genern,l la.w authorizing the assess
ment of betterment:,, with like remedies to all p:trties interested. 

SECTION 6. Any person entitled by law to any damage for t:tkiug 
of or injury to property under authority of this act m:ty :tppc,tl ft-0111 
the dceision of s:tid commission, within thirty <lays of said clccbiou, to 
the superior court for the counties of Suffolk or Middlesex, on petition 
therefor; said da1miges to be determined by a jury, under the smnc 
rules of law, as far its applicable, as damages arc determined for taJdug 
of lands for highways, under the provisions of bw n.uthorizing the 
assessment of betterments. 

SECTION 7. To meet the expenses incurred urnler tho provisions of 
this act, except for the annu:tl repair and nmintcnanec, the treaHurnr 
and receiver-general shall, with the approv:tl of the governor and eoun
cil, issue notes, bomls or scrip, in the name n.ml behalf of the Common
wealth and under its se:tl, for a time not less than ten nor more f.11:m 
forty years from their respective dates, which shall bear interest nt tt 
rate not. to exceed four per cent. per annum, payable se111i-1inn11:1lly, 
and to be dosigmited " The Charles River Basin Loan," itml be issued 
as the governor and com1oil shall direct. 

The treasurer and receiver-general shall estltblish a sinking fuml and 
apportion a,n amount to be pitid each year, sufficient, with its accumula
tions, to extinguish the debt at maturity. 

SECTION 8. So much of the debt in the preceding section as shall 
be caused by the construction of the dam itself sha,ll be apportionell by 
said boiird on the basis of its being it sulJstitute for a bridge ttmong such 
cities as shall be <lircctly benefited by its use as a highw:iy, after giving 
a hearing to s:tid cities, in such proportion as 1rniy seem best. 

Tho cost of any work done hereunder within tho fcnway and tho cost 
of the park in the rear of Beacon a,rnl Brimmer streets, as authorize<l hy 
the acts of eighteen hnmlred and ninety-one, chapter three hundred aml 
forty-four, as amended by the acts of eighteen hnm!rod :tnd ninoty
three, chapter four hundred and thirty-five, shall he eharged to the 
city of Boston. The annual pn.ymcnts for interest and sinking fund on 
so much of the debt n.s is provided for under this section shall be paid 
by the respective cities in proportion to their shn.re of this portion of 
the debt chn.rged to them hereunder. 

SECTION 9. The 1t11nual payments for interest and sinking fund on 
so much of the debt as is not already provided, for in the preoClling 
section, together with the annual cost of maintaining, operating a,ncl 
repairing sitid chm and ba,sin, and of other work clone under authority 
of this act, and such dredging below the dam, if any may be required 
from time to time by the secretary of war, on account of the existence 
of said dam, shall be pn.id, seven-twelfths by the city of Boston, three
twelfths by the city of Cambridge, one-twelfth by the city of Newton 
and one-twelfth by the town of ,,v atortown. 

SECTION 10. The Boston park commission, duly authorized to con
struct said park in the rear of Beacon and Brimmer streets, sha.11 con
struct said park in a manner to allow the commission herein estiiblishecl 
to build in the best and most economical manner the marginal sewer, 
its rceommenclccl by said committee on the Charles river dam, which 
shall be completed before the operation of said dam. 

SECTION 11. The roadway on said dam within its limits, as deter
mined by said commission, shitll be surfaced or paved, policed and 
maintained by the cities of Cambridge and Boston; and all damages 
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recovered in any action of law by reason of any defect or want of repair 
in any such roadway shall be paid by such cities equally. 

SECTION 12. The Boston and Maine railroad shall remove its freight 
bridge next below said Craigie bridge, and shall rebuild the. same 
further down, so as to allow a distance of at least four hundred feet 
in the clear between said bridge and the lower face of said dam, and 
shall remove the piles of said old bridge, all at the expense of said 
railroad company, 

SECTION 13. No action shall be taken relative to dredging or to 
strengthening or rebuilding of ·wharves under this act, until the plans
therefor have been duly submitted to the board of harbor and land 
commissioners, and receiyed their approval thereon. 

SECTION 14. This act shall take effect upon its passage. 

BOSTON, l\IASS., Jnn. 14, 1903. 

HENRY S. PRITCHETT. 
SAMUEL M. MANSFIELD. 
RICHARD H. DANA. 



38 CHARLES RIVER DAM. 

REPORT OF JOHN R. FREEMAN, CHIEF ENGINEER. 

HENRY S. PmTCHETT, LL."!>., Olucirman, Committee on Charles River 
Dam. 

DEAR Sm : -The chief questions demanding considera
tion by your engineer, after tlw proposition and the evidence 
had been reviewed, appcm·ed to be the following: -

I. In general, the be1{efits aml dis:11lvantages resulting from pro
posed dam. 

II. 
m. 

IV. 

V. 
VJ. 

Vll. 
VJIJ. 

IX. 

Best type of lhm, complete or half tide. 
Best location. 

(1.t) ,Just above Broml canal. 
( /J) ,T11st alJove Leclnnere can:il. 
( c) At Crnigie bridge. 

1\'fost advantageous elevation of water surface; grade 8, Boston 
base, or higher. Effect on gro11ntl-wat·er levels of 11eighbor
in0' territory 

Fresf1 wate1' ba.:;;in v. s:il t water; com para ti vn aLlv:mttigcs. 
Necessity for large t,i,lal slnices. 
Present eo11dition of Fens h:isi11 ; :tna.logy to p1·oposed basin. 
Quantit:y of upland wa.kr tln\\'i11 6· into the proposed basin. 
Purity of this u~l:Lnd water. 

X. Extent of the p1 esent poll11t.ion of Charles Hiver basin; means 

XI. 
XTT. 
xnr. 
XIV. 

of lessenin"· this. 
Amo11nt of p;ll11t,ion aLlmissilile withonl: offence. 
J{erneLlies for the 11navoidable poll11tio11. 
l\icans for ci1·c1tlat:ino· \\':tl.u1· in Fens liasin a11tl Camhri,lg-e canals. 
Lessening poll11tion" of lmsin by exte11ili11g sep:1.mte system of 

sc,ver~Lo·e 
XV. Effect of~st;ignation of water in proposcll Charles River basin 

upon odor, :ippear:iucc :iml l:kir:u,t:cr of wa.ter. 
XVI. Effect; of this :,;tagnant; frc:,;h water lm~in on health; malaria. 

XVIL Effect of lessening; the tidal priti1ll upon the shoaling of Boston 
harbor. 

XVJIT. Effect of clam upon n:tYigatfon anll commerce in Charles Hfrer 
basin, in Camliritlge c:mnls and in upper h:trbor. 

XIX. Storm Hood levels .in propo~erl b:isin; freqncncy or probability 
of ever flooding the lll:irshes after dam is hnilt. 

XX. Cost of rb111 and .loc-k, with :11Hl withont special titlal slniccs. 
XXI. Cost of marginal eomluits for inere:ising cleanliness of waters 

of basin. 
XXU. Cost of rnaking gooll any injury to na1·igatinn resulting from 

dam. 
XXIII. Cost of dredging foul sludge hanks. 
XXIV. Cotit of shore line improvements. 

The foregoing questions will be found discussed briefly 
under the corresponding numerals heginn.ing at p. li4. 

J 
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In order to secure data for the proper discussion of the 
above topics, I was led step by step into many extendcd 
investigations, and compelled to seek assistance from several 
specialists. 

I have had these investigations reported in the form of a 
series of appendices, and have given the methods, the facts 
and their interpretation, all with much detail, because of 
this subject having been so many years before the public, 
and in orcle1· tltat others may 1zave full ancl convenient opp01·
t'unity to jud,qe of tile adequacy of the new data secured and 
of the 1wtsonableness of oit1· conclu.sions. 

In accordance with your request I have carefully exam
ined the evidence presented at the public hearings, and have 
given particular attention to the reports of studies by ex
perts presented on behalf of the opponents. I have also 
carefully reviewed the evidence presented at the hearings 
before the Harbor and Land Commission in 1894 and the 
original report upon the improvement of Charles River by 
the Joint Board of 1894; also the series of ten reports made 
between 18(H and 1866 by the Board of Commissioners on 
Boston Harbor, and all reports made in connection ·with the 
public works of the metropolitan district suggested as bear
ing on the problems under discussion. In brief, I have 
sought earnestly to comply with your desire that these 
matters be reviewed so thoroughly and impartially that, 
whatever the conclusion, the q ucstion could be regarded 
as :,;ettled for a generation. 

The Massachusetts Board of Harbor Commissioners in 
their review of the evidence of 1894 had urged strongly that 
certain matters be further investigated and more facts deter
mined before final opinions were formed. 

It became plain, early in these studies, while reviewing 
the evidence presented at the hearings of 1902, that a princi
pal cause for sundry important differences in the opinions 
expressed regarding the desirability of tho proposed dam 
lay in the inadequacy of the data of clearly proven facts, 
and the consequent recourse to assumptions made from dif
erent points of view. Therefore, with your approval, I 
made sundry .investigations, which may be briefly outlined 
as follows : -

NEW RESEARCHES, AND DATA DERIVED FROM: THEM:. 

(A) Sw·veys and Soundings of Ba:,in. - A new large
scale, contour map of the basin "·as prepared from new sur
veys and soundings, because it was found that the existing 
maps had been rendered worthless over a large portion of 
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this area by the great changes in the bed of the basin made 
by dredging material to form the embankments for the 
Cambridge parks, for the speedway and for filling of large 
areas of private lands. 

The wash of material stirred up by these operations, to
gether with deposits from sewage and street wash, had also 
doubtless contributed to some shoaling in other parts of the 
territory in question. 

This new map was desired as an aid in studying the re
quirements for navigation, for the purpose of estimating the 
cost of improving the mud1y shores and marshes of the upper 
basin, and the cost of dredging several large, objectionable 
mud flats exposed at low tide, and for its aid in studying the 
biological conditions of the basin in case the dam was built 
and the water held nearly stagnant at constant level, be
cause depth and light has a very material influence upon the 
growth of algm and micro-organisms ; and salt water in deep 
pockets becomes very foul and is displaced by fresh water 
very slowly. 

( B) Influence of Present Tidal Basin on Temperature 
of Afr. -A careful study ·was ma<le of the influence of 
the present tidal basin upon the temperatlll'e of the sur
rounding air, both immediately over the water and for some 
distance back from the Boston and Cambridge shores. Ten 
self-recording thermometers were stationed at various rep
resentative localities, and ten other mercurial thermometers 
were stationed at other representative localities all the way 
from Boston Light to Norumbega Park, and read several 
times daily for a little more than two months. Great care 
was taken in the calibration of these thermometers, and also 
in locating them so as to obtain proper exposure. 

The result of all these thermonwtric readings was to show 
that the basin now cools the temperature of the air on the 
sh01·es a1·ound the basin and at the str-eet level ove1· the middle 
of the basin by hanlly 11w1·e than a s1'.n,qle de,qree Fa.li1·enheit 
from 10 A . .LW. to 4 P . .11£. on tlte hottest days; and it 
is proved by these very numerous and careful observa
tions, beyond the shadow of a doubt, that the apparent 
coolness of the air on hot summer days near the present 
basin is almost wholly due to the wind, in very much the 
saine way that the face is cooled by the motion of air from 
a fan. 

Water Temperatures. -The temperature of the water was 
also observed several times daily, beginning the last of 
,June and ending the middle of September, at Boston Light, 
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Deer Island Light and at the drawbridges and at sundry 
other stations along the Charles River as far as Riverside. 

From all these observations, it appears that the avemge 
July and August ternperature. of the proposed fresh-wate1· 
basin would not be warme1· than the pr·esent tidal basin by 
m01·e than three deg1·ees Fah1·enheit. 

Taking, for the mid-day temperature, the average from 
10 A.M. to 4 P.111. of the twelve hottest, sitnniest days between 
July 28 and Sept. 12, 1902, we found the 

Sea water temperature at Boston Light, . 
Harbor water temperature by mean of six stations, 
Estuary water temperature by mean of three stations, . 
Upland water temperature by mean of four stations between 

,v atertown dam and Riverside, . 
Air temperature, Boston, mean of 'Weather Bureau, Institute of 

Technology, Harvard Observatory, 

62° F. 
65° F. 
70° F. 

74° F. 

77° F. 

From these observations the remarkable fact appears that 
the salt water of the present tidal Charles basin in the wa1·m
est weather· is only four deg1·ees coole1· at mid-day than the 
fresh Charles River water between Wate1·town, Waltharn 
and Newton. 

Similarly, taking the mid-day temperature for every day 
throughout the summer, the difference would manifestly be 
less; and because the wide basin is deeper than the up
stream waters, and better exposed to wind and evaporation, 
the temperature of its water will probably be somewhat 
cooler than that in the shallow mill ponds up stream, and 
no reason appears why, with the pollution restricted by 
the means proposed, the warmth of the future basin should 
encourage a much more luxuriant growth of algre here than 
the :same ( or a slightly higher) temperature does in the 
same water a few miles up stream. 

( 0) Study of Fens Basin. -The _Fens basin, which 
certain persons have suggested was, in its present foul and 
offensive condition, a fair example of what the Charles 
River basin would become if the dam were built, has been 
studied from the stand-points of its history, its hydraulics, 
chemistry, biology, pathology, and, we venture to add, 
common-sense. These matters will be found set forth at 
considerable length in Appendix No. 3. 

Its hydraulics are found very different from what was 
testified to at the hearings. The circulation of water found 
during the three weeks of our test was only about one-fourth 
part as great as had been supposed. The rise and fall at 
each tide Wafl only about 9 inches, instead of 18 inches, and 
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its regulating gates were found leaking so badly that 60 per 
cent. of the water admitted at high tide leaked back on 
the ebb without t:irculati ng through the basin. The present 
actual circulation brings in less new water each day than 
required for diluting the volume of foul flow that constantly 
enters it in dry weather. 

The new Stony Brook chrurncl has been allowed to be
come a channel for dilute sewage, and chemical analyses 
have shown a highly putrescent quality in the refuse which 
enters it from various sotu-ccs. 

Tho chemist finds tho Fcnc; water badly polluted by sew
age, im;ufticicntly clil.11t.cd alHl mostly devoid of oxygen, and 
finds an offensive amount of putrefaction going on in Lhe 
sludge deposits o,·cr its bottom. 

The biologic;t fiudc; the lower layers of water mainly devoid 
of aerobic organic life, its oxygen n:-;cd up, and little oppor
tunity for frc~h aeration, beeause of the clillercncc of c;pecific 
gravity between the upper and the lower strata of water. 

And, a,s a matter of common-sense, the continued admis
sion of sewage into Stony Brook, transfonning it, in a run 
of t"·o miles, from the bright, clear country stream found 
just above Forec;t Hills, to a condition which one c;killed 
observer has described as resembling "t, long septic tank," 
and then passing it into a park and diluting it less than half 
as much as i:s easily possible with the 111cttns at hand, pn,:-;ses 
undcr;_;tanding. The present condition of this basin could 
be greatly improved :,t ;_;mall expense. 

"re made soundings and borings oyer tho entire area df 
the Fens pond to detennine the depth and volume of the 
water ancl the depth and Yolumc of the sludge requiring 
excavation. \Ye find that it contains upwards of 50,000 
cubic yards of foul sludge, and th:,t there is one-third as 
much sludge as there is of miter in this pond. 

Historicall,v, I find tlmt the present continuously offen
sive condition began only in 18!)7, and followed immcdit,tely 
upon the turning of tho dry-weather J-low of tho sewage-pol
luted Stony Brook into the Fens, this foul J-low having been 
previously excluded; and about tho smne time a change was 
made in the method of renewing the water. 

Tho comparison of tho probable future condition of the 
fresh-water Charles basin to the present condition of the 
Fens basin is, in my opinion, based on a very superficial 
examination, and is unjust. 

( D) Pollution. Chemical Analysi's of Wetter. - A study 
of the present pollution in the Charles River basin, the Fens 
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basin, and in the Charles River above the ,vatcrtown clam was 
undertaken by means of t.:homical analyses, over six hundred 
and fifty samples of \\'ater having been collected and ana
lyzed during the latter part of the summer and the early 
fall. I t.:allod to our assistance, for this study, one who has 
had a practical experience in the chemistry of \\'atcr pollution 
probably not excceclod by any one in this country, - the 
chemist of the :i\IassachusPtts ::-itate Board of Health. His 
report will be found in Appendix ~o. 4. 

\Ye have reason to be ,·ery grateful for the cordial response 
of the State Board of Health to my request for the aid of its 
corps of chc111ists in this work, and for the energetic work 
performed. There is probably not another laboratory in 
this country where we could have obtained so much assist
ance and such valuable assistance in so short a time. 

After I had observed the circumstances under which sew
age sludge is deposited where the polluted fresh Stony Brook 
enters the salt basin of the Fens, T questioned whether the 
presence of salt in the water was not a disadvantage, by 
interfering with beneficent decomposition of impurities 
through organie life; and whether fresh water, with abun
dant life, might not receive a given mnouut of pollution 
with Jess chance of offence to sight and smell than salt 
water, and gave the more attention to this because of the 
pn·sence of s::ilt lmving been rnentio11cd by many with ap
proval, as if it were nn aid to keeping the basins sweet and 
11'l1olcsome. 

Therefore, sundry experiments were undertaken at the 
Lawrence Experiment Station of the :Massachusetts State 
Board of Health, designed to increase our knowledge as to 
the comparative effect of dilution of sewage by salt water, 
brackish water and fresh water. 

The results arc very instructive, and show a decided 
superiority in fresh water, and a decidedly greater tendency 
to precipitate a sludge and gi,·c off oJfon,,ivc odors in salt 
water. 

Certain other experiments were designed to show the 
difference in bacterial purification between water slowly 
moving and water at rest, which, taken with 1vide expe
rience upon polluted water entering· ponds and flowing 
streams, shows that stagnation in the proposed basin is 
not a condition that need be feared. "ft is not mnning 
water, but quiet water, which ,-ooncst purifies itself," or 
mo,,t readily has its pollution disposed of by the activities 
of organic life. 

Special studies have also been made with samples of the 
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silt and mud from various parts of the basin of Charles 
River, with a view to learning its probable influence upon 
the purity of the water held above it. Bacterial counts 
have been made, under Mr. Clark's supervision, on a great 
many of these samples of water. 

The chemist·s conclusions will be found stated in great 
detail in the appendix devoted to his report. ·we may sum
marize the most important of those relating directly to the 
proposed basin as follows : -

(a) 

(b) 

(c) 

Although there are local pollutions, a8 a whole, the 
water of the present Charles basin gets well mixed 
in going through the lJl'idge piles ( soon to be re
moved), and is found to be fairly clean, with an 
abundance of free oxygen. The water of the Fens is 
overburdened with sewage, and its lower strata con-
tain no free oxygen. 

Although the upland water, as it enters the basin in 
time of ordinary low summer flow, is somewhat 
discolored by dyes and factory washings, it alway8 
( except perhaps very rarely in extreme drought) con
tains an abundance of free oxygen, and it docs not 
contain more organic matter tha11 can be taken care 
of and rendered innocuous by the proportion of free 
oxygen contained, and such water if held stagnant in 
a poud would probably continually improve. This 
conclusion was reached after many experiments on 
incubation of this water, etc. 

The old and the new Stony Brook conduits continually 
discharge dilute sewage; :Muddy River outlet is at 
times polluted ; thcl'C arc 8everal place,:; where the 
water i::i polluted by factory wac:tc ; and in time of 
storm considerable amouuts of sewage overflow, also 
much street wash, enter the basin. But if all 
the pollution 110w entering were discharged into the 
nearly stagnant, fresh-water lake produced by the 
proposed dam, it is doubtful if this pollution would 
rob its water of all its dissolved oxygen and thereby 
lead to the generation of the otfonsirn gases of putre
faction. 1t would probably be absorbed. 

This conclusion was reached after an extended series of 
experiments by incubation of Charles River water containing 
various percentages of sewage. The chemist confirms this 
conclusion from a study of the analyses of the polluted 
Abbajona River water and the bettered condition of this 
water after storage in Mystic Lake, which was, until re-
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cently, used as a portion of Boston's water supply, and 
which has recently become a favorite resort for pleasure 
boating. . 

The turbidity and pollution from street wash_ and sewer 
overflow are now for a time mainly held as a thin layer at 
the surface, because of this fresh water being so much lighter 
than the salt, thereby exaggerating the appearance of pol
lution. ·with a fresh-water basin the same pollution would 
be at once more evenly diffused through the depths, and 
give less apparent defilement to the surface. 

In ease the proposed dam is to be built, in order to give 
the surface of the water a more attractive appearance, an.d 
as a safeguard against offence arising from the fact that 
the entrance of sewer overflows is intermittent, not uni
form, the following improvements are recommended by the 
chemist: -

(cl) The pollution now entering from the Beacon Street 
houses should be diverted into a sewer. 

At least a portion of the pollution that now enters 
the basin through the Stony Brook channels should 
be excluded, particularly the highly putrescent brew
ery waste. 

The outlets of polluting material from the abattoir 
and the starch faetory near it should be more effi
ciently guarded. 

It is possible, but not certain, that the dredging 
of a few of the present sludge banks in the Charles 
will be required. 

( e) Better conditions would prevail for absorbing sewage 
pollution with the basin filled with still fresh water 
than if filled with still salt or brackish water. By 
an extensive series of. experiments it is proved that 
salt water tends t,o a much greater precipitation of 
the impurities of sewage in the form of putre~ying 
sludge than fresh water; and numerous other tests 
show that, when a given percentage of sewage is 
added to salt and fresh water under similar con
ditions, offensive odors arise much sooner from the 
salt water than from the fresh. 

The salt water of the harbor, to begin with, averages con
taining less dissolved oxygen than the upland water :which 
enters this basin, and this dissolved oxygen is found used 
up in the salt water to a greater extent in a given time than 
in the fresh. 
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This oxygenation is produced through bacterial agencies, 
and the (juickcr absorption of the free oxygen in the salt 
water, also the relatively greater number of anaerobic (or 
putrefactive) bacteria found able to live and work under 
salt-water conditions, leads naturally to the larger produc
tion of offensive odors. 

In the fresh-water experiments, both with and without the 
bottom of the tank covered by polluted mud from the bed 
of the Charles, there were relatively more bacteria, but they 
were mainly aerobic, or bacteria effct:ting decomposition 
rather than putrefaction. 

(/) The popular belief that running water purifies itself 
more readily than still water is falladons. It is 
found to be the fad that with oxygen present, and 
equally good conditions for proper bacterial growth, 
the still water purification is fully as energetic. 

(g) It does not appear probable that growths of alga:.1 will 
cause trouble. 

From the data given by :Mr. Clark's report we have con
structed the diagram inserted opposite this page, to exhibit 
the progressive decrease of the salinity of the present basin 
as we proceed up stream toward the \Vatertown clam. 

( E) Pollution. Bactei·ial Analyses of }Vat er. - Bacterial 
analyses, designed to exhibit the comparative degree of pol
lution in different parts of the Charles River basin, the Fens 
basin and in the water flowing in from above the 1Yatcrto\\·n 
clam, have also been made, under the direction of Dr. The
obald Smith. These observations were extended so as to 
lead to a clearer understanding of the degree of flushing 
received by the present Charles River basin nnclcr the ebb 
and flow of the tide; and they indicate, more fully than the 
chemical analyses, that the returning tide brings \\"ater that, 
while not very foul, is far from pure. 

( F) 1lfalarial Oonclitions. - The report of investiga
tions relative to malaria, made at your request, form a sep
arate Appendix, Ko. 1. The pathologist who made these 
studies has long been celebrated as a most skilful observer 
in tMs line of work. His researches for the United States 
government on the cause of the Texas fever are well known, 
a11cl his recent call to direct the work of the newly estab
lished laboratory in J\ ew York for research on contagious 
disease is a tm,timonial to the esteem in which his work is 
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held. I am told by competent authority that there is no 
man in America more competent to pass on these questions 
of effect of the proposed basin upon the health of the com
munity by promoting or retarding conditions favorable to 
malaria. It is, therefore, most reassuring to learn that, 
following years of study on the origin of malaria, and after 
having repeatedly explored all parts of the adjacent ter
ritory, devoting a large part of his summer to this study, 
he reports : -

( a) '' It is quite firmly establ~shed that the micro-organism of malaria 
which produces the weil-known disturbances in the body by multiplying 
in the reel blood corpuscles is transferred . . . by a ·certain species of 
mosquito." 

(b) "The malarial microbe is a true parasite in all its stages. It 
never c~ists j1·cc in the ciir or in .the icctter or on 1:cgetcition, but spends 
its life partly in the blootl of man, partly in the orgims of the mosquito." 

( c) '' All shallow pools in which water may stand for a portion of the 
year, and which are cut off from the permanent uodics of water so small 
fish cannot enter, may become brecdi11g-phtces of mosquitoes, and should 
be filled up." 

( cl) "As regards the river itself, we may safely a?sumc that the pro
posed basin will not become a breeding place for mosquitoes," if so 
treated as to contain abundant fish life, and if its banks are so treated as 
not to afford protection for mosquito larvx from their natural enemies, 
the small fishes. 

(e) Impurity or pollution of water, as in the present Fens ha.sin, if 
made fresh water instead of salt, would tend to restrict the natural 
enemies of the mosquito, the little fishes, a.nd, by greatly favoring the 
growth of fre~h-w,iter algx, might ernntually lead to the multiplication 
of culex and cino7Jheles mosquitoes. '' This necessarily implies the 
removal of all sewage from the Fens basin." 

(f) " In re1:-ie11:i11_r; llll the coml-itions likely to prcutil in the futitre in 
amt r1bo11t the C'lwrlcs Bi'ccr bet.sin, there seem to be none 'tdiit:li u;oulcl 
tencl to the incrmsc of mcilarirt provided the suggestions m_ade are carried 
out. Jn fact, the impr0Yen1ent of the banks nnd the territory beyond 
them 11;011lrl be rt grcrtt improi·cmcnt on J)rcscnt conclitions, nncl f·end to 
relieYe those near the mnrshes of id! mosquitoes now breeding in these 
places, rtml perhnps remove the crm:,cs of mrtlr.trirt prci·ailing at the pres
cnr, time, unless such malaria is clue to bodies of fresh water beyond the 
immediate confines of tho proposed basin." 

(.r;) '' Fresh water v. s,ilt. The suhstitution of tt fresh-water basin 
for tho present tidal reservoir "·ould not· tend to intensify n1alarial 
influences, prodding the present !Jreelling-plaees of· mosquitoes are 
properly dealt with. There would be a material improvement over 
present conditions, both as regnrcls mosquitoes and malaria." 

(h) "The introduction of salt water from the harbor will probably not 
be needed, nncl should be reserved as an artificial remedy for extreme 
unforeseen conditions." 

( G) 'l'he Unm·oidavle I'oll11tion. Biological Studies. -
I soon came to believe that a hopeful remedy or means 
for taking care of such pollution of the ,rater a:s may be 
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upavoidable is its absorption by the activities of organic 
life. 

I found it necessary to call in expert biological assistance 
for studying the conditions affecting microscopic and other 
life within the Fens basin and the Charles, both in its tidal 
estuary and above the vVaterto,vn dam, with a view to 
obtaining a clearer idea of what was necessary in order to 
establish biological equilibrium within the proposed basin ; 
and for such light as a brief examination could shed upon 
the degree of pollution which could be admitted and ab
sorbed by organic growth without causing offence ; and for 
learuing more about Lhe probable result of changing from 
salt water to fresh water, and the results of an occasional 
flushing of the basin with salt water. This biological study 
was extended to cover an inquiry into the relative adequacy 
of salt water, fresh water and brackish water for supporting 
life, and for transforming and rendering haimless the impu
rities received. 

The man called upon for this work had, after graduating 
at Brown some.fifteen years ago, studied at Johns Hopkins, 
then at the celebrated biological laboratory at Naples, Italy, 
had continued these studies while an officer of instruction 
in biology iii Brown University, and later as professor of 
biology at the Rhode Island Agricultural Experiment Sta
tion. "\Vhile at the latter station he had given much atten
tion to studying offensive conditions that had developed in 
the brackish Point Judith Pond, in which circulation of sea 
water had been cut off by natural causes. His report is 
given in Appendix No. 6, and brings out many interesting 
facts. 

One important point brought out in this biological study 
of the Fens basin was the irijf,uence on 01·ganic life of the 
prevention of ae1·ation in the lower stmta of water, whe1·e the 
specifi,c gravity at the top of the wate1· dfffe1·s greatly from 
that below, thereby restmining ve1·tical circulation. 

I have felt that the ideal toward which we should work 
in planning this large basin was that of a " balanced aqua
rium," and I greatly regret the lack of time for carrying 
these studies beyond the point merely sufficient for making 
sure that the proposed construction is safe, and that a fresh
water basin is best. 

The investigations of the biologist show in brief, for the 
special conditions of this problem: -

(a) " The Fens basin . . . affords no fair or proper stand
ard by which to judge the proposed Charles Basin." 
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(b) "Fresh water ... will be better adapted for receiv
ing sewage without causing offensive deposits or 
offensive odors than either salt or brackish water." 

( c) "It appears probable that the organic life in the pro
posed fresh-water basin can assimilate the greatest 
amount of pollution that the engineers estimate it is 
likely to receive, without causing offence.'' 

-( cl) '' The occasional introduction of salt water into the 
basin should be avoided." 

(B) Pollution by Oue'l'flow of Sewage. -The problem of 
the overflow of sewage mingled wit.h storm water from sewers 
in Cambridge, Boston and the up-river towns, following 
heavy rains, has been studied with great care, and maps of 
these sewer r;ystems have been compiled. Nearly every one 
of the fifty or more regulator gates controlling sewer over
flows has been gone into and inspected. For several months 
I sought all opportunities for personally inspecting the over
flows of sewa~re into the basin at low tide in time of storm. 
The new Sto;{y Brook conduit, which receives the discharge 
of many sewer overflows, bas been inspected repeatedly 
throughout its length, and the old conduit examined for a 
few hundred feet, or sufficiently to reveal its foulness. 

This problem of estimating the quantity of sewage that 
may escape into the Charles River because of sewer over
flows is one of extreme difficulty, - far more so tha.n was 
anticipated ; one reason is, that the sewer system of old 
Boston and Roxbury is extremely complicated, and con
tains many ancient sewers that were extended as the "made 
land" encroached upon the tidal flats and marshes, some of 
which are so outgrown and overloaded that in some of the 
small, old districts the extra flow of " washing day" is said 
to be almost sufficient to cause overflow. 

All these matters will be found reviewed in much detail 
in Appendix No. 2. 

We have reviewed and analyzed the Binney Street '' sewer 
clock gauge" records in great detail, in order to learn their 
exact bearing upon the general problems of the amount of 
sewage overflow. We have also reviewed and analyzed all 
of the records of all the other sewer clocks, at the Bath 
Street, Lowell Street and Massachusetts A venue district 
outlets, and also the records of the clock gauge in the 
Charles River valley sewer, and we have set several addi
tional sewer clocks on outlets along the Boston sewer sys
tem, for comparison with the Binney Street records and the 
rainfall records. 
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We have also studied every one of the 7 7 sewer overflow 
districts individually, and compiled tables of population, 
impervious surface, etc., and have made estimates of the 
amount of sewage that each "·ill probably contribute to the 
Charles rLftcr the new high-level sewer is finished and 
connected. 

Speaking in general terms, I find : -
From the large and representative Binney Street district 

less than 3 per cent. of the total annual output of sewage 
enters the Charles, instead of the 7 per cent. assumed by 
several expert:,; a;; the basis for their opinio11s; and during 
the six su111n1er months, from May 1 to November 1, in 
which time alone could the overflow of sewage give note
worthy offence, I bel-ieve it cei·ta,in that not more than about 
3 per cent. qf all the sewa,qe pi·ocliicecl in all the te1·1·itory 
tTibntai·y to the Clwr-les in Boston ancl its suburbs will find 
its way into the Clwi-les after the new high-level sewer is put 
into use; and it appears certain that for twenty years to 
come, or as far as can be foreseen, this quantity will de
crease. The tributary population, now about 300,000, will 
be decreased to not above 2DO,OOO by diversion of flow from 
territory now tributary, on completion of the new high-level 
sewer two years hence ; and the separation of sewage and 
storm drainage in future will without doubt progress fast 
enough to offset growth in population. 

I believe that the amount of sewage entering the basin in 
the summer months 1vould not exceed the amount that would 
be constantly discharged hy a population of 7,500, perhaps 
not more than from 5,000, and J fool certain it could not 
possibly exeeed that from a population of 10,000. 

Experience on the discharge of sewage into other Massa
chusetts waters makes it appear entirely safe to say that a 
flow of less than 8 cubic feet per second of such water as 
now comes dow11 over ,Vatcrtown dam into this proposed 
"stagnant" reservoir will be ample to dilute and absorb 
the ordinary pollutio11 from 1,000 persons without offence, 
if this pollution is well diffused through the water; and 
measurements of the ri,·01· flow at ,Yaltham make it certain 
that the summer flow, or for these six months, in all ordi
nar_y years, is more than sufficient for this degree of dilu
tion of all the pollution that would enter if no marginal 
conduits are built. 

Ne,·ertheless, the intermittent character of the pollution 
and tbc storm flnshing of concentrated filthy deposits and 
the addcll pollution due to street "·ash, with a population 
more dense in the future, have led me to propose marginal 
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conduits, and these conduiti; arc recommended also because 
of their utility in promoting cir,culation in the Fens and in 
the canals. 

It further appears that the basin will be thoroughly flushed 
out b_y the flood waters every spring, and tha,.t the 4!>8,-
000,000 cubic feet of clean, fresh water that it will contain 
could tal.:e care of the smnmer flow of sewage fo1· tlu·ee months 
witlt no injlow ofji·esh water n'1wtever. 

This appears an ample factor of safety for extreme drought 
and for the ·almost complete holding of the river flow by 
the 111ilb at ,valtham, which has certainly occurred in times 
past for weeks at a time, and concerning which volume of 
ri vcr tlow I have al,;o made an extended investigation. 

( I) .1.Vew Studies nf Amount Qf Di:lution requfrecl to malce 
Sewage Inojfensive. - Apparently the sanitary experts who 
maclc statements at the hearings regarding this had based 
their evidence concerning the permissible degree of pollu
tion mainly upon certain statements and investigations that 
were first presented in the Report of the 1'-lassachusctts 
State Board of Health, 1890, special ·water supply Yolumc, 
pp. 785-7})3. Those investigations are n°'i twelve years 
old itnd did not rest on so many examples as arc now avail
able, and moreover contained a warning against discharge of 
sewage into ponds. 

Duriug the past ten years much additional knowledge of 
these matters has been obtained by the few skilled observ
ers in this line, although very little that i::: new· has been 
puhlishccl. 

Fortunately for present purposes, the Legislature of a 
year ago had directed the State Board of Health to inves
tigate the discharge of sewage into rivers through the State, 
aud rL large quantity of new data had thus been obtained 
under the supervision of the chairman of its water supply 
eonnnittee, Mr. Hiram F. :;\!ills, and its chief engineer, l\Ir. 
X. II. Goodnough. It is certainly beyond doubt or question 
that no set of men in the United States have had so broad 
an opportunity to study these matters intelligently during 
the past ten years as those connected with the Massachusetts 
State Board of Health. Therefore, it is with great pleasure 
that 1 report the yielding of Mr. Goodnough to my earnest 
request, and his laying aside of other work to colla,te the 
results of these observations in form for our use. 

He finds that many sf1•eams ancl panels of the State 1·eceive, 
11·itlw11t offence 01· se1·1·ous o1y'ect£on, a much la1·gm· quantity 
of pollittion them that which can by any reasonable possi-
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bility entm· the proposed basin, and in general the results 
of this broader experience fully confirm the conclusions set 
forth in the special water supply volume of the State Board 
of Health for 1890, p. 791, but define the limits with more 
precision, and add a new line of da,ta on the pollution of 
ponds. 

(J) Plow of TVa.te1· fl'om the Upland Charles. - We 
made continuous gaugings of the quantity of water entering 
the basin from the Charles River above vVatertown dam, by 
means of a weir and a recording gauge, for two months, 
until stopped by ice and by pressure of other work. vVe 
made these gaugings because it was found that the use of 
the water by the factories at vValtham and elsewhere mate
rially interferes with its uniform delivery, and that in 
severe drought the flov, is sometimes nearly all held back 
by these mill dams for several weeks at a time. These 
investigations show that the supposed analogy to the ob
served flow of the Sudbury River, on which certain of the 
evidence presented at the hearings was based, fails badly at 
times. 

I personally examined the water power records of the 
Boston Manufacturing Company for the past twenty years, 
a~d found many instances of holding back the flow, and 
Mr. George T. Jones, mechanical superintendent of these 
mills for the past twenty years, tells me that they have on 
several occasions held bttck so nearly the entire flow that 
the Waltham Bleachery, located next down stream, and 
which we find uses only about 10 cubic feet of water per 
second, has had to ask them to open the gates and let enough 
water flow to supply them. Finding that a thorough study 
,yould require more time than I could devote to this, Mr. 
Richard A. Hale, principal assistant engineer of the "'Nater 
Power Company at, Lawrence, who has had thirty years' ex
'pcrience in accurate miter measurements, was engaged to 
study into this with all possible thoroughness. Mr. Hale's 
report and the results of our own gaugings are given in 
Appendix No. 16. 

Our two months of daily gauging unfortunately did not 
include a period of extreme drought, and, although our 
observations were continuous night and day for two months, 
this period was too brief to serve for much more than the 
confirmation of other data. Our apparatus for this meas
urement has beeri turned over to the State Board of Health, 
that they may continue the gaugings for some years to come, 
as a part of their regular studies of discharge of the impor
tant rivers of the State. 
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(K) The Flood Discharge of the Gharles.-Since cer
tain statements made at the hearings of 1892 were calculated 
to cast doubt on the sufficiency of the estimate of flood dis
charge adopted by the Joint Board in 1894, Mr. Hale was 
also asked to continue the review that I had begun of the 
records of flood discharge at the mills in "Y'Valtham, which 
extend back many years, and to compute the quantity of 
flood discharge and confirm it by all records that could be 
obtained at the other factories, from ,vatertown to Newton 
Upper Falls; and to also study the conditions aflecting flood 
delivery, - for these matters have a most important bearing 
upon the height to which water may rise in the proposed 
basin above the dam in extreme floods at time of high tide. 

The investigation proves beyond a doubt that the Charles 
River is a very uncommon river, for this part of the country, 
in the sl<nvness and moderation of its rise and the long dura
tion of its run-off. This makes it much easier to take care 
of floods in the proposed basin, and the unquestioned fact 
that Stony Brook now has a quick water-shed, while the 
flood on the Charles responds very slowly to the rainfall, 
makes it certain that, under those conditions which produce 
extreme floods, the water from Stony Brook would have 
been nearly all delivered before the main flood from the 
upper Charles began to arrive, and shows that the extreme 
of a Stony Brook freshet will not be superimposed upon the 
top of a Charles River freshet, as was assumed, without jus
tification, by some of those who testified on this subject at 
the hearings. I am satisfied that in the greatest flood of the 
past twenty-five years, "the Stony Brook flood," so called, 
the actual flood volume of the Charles was safely inside the 
estimates presented by Messrs. Stearns and Goodnough. 

( L) D1·edging in Boston Hm·bo1·. -In order that it might 
plainly appear to what extent the present navigation channels 
are artificial, I had Mr .• T. R. Burke, assistant engineer, 
Massachusetts Harbor and Land Commission, compile a map 
showing all dredging up to date, from the records of the 
office with which he is connected, and also from the United 
States Engineer Office at Boston. This map will be found 
opposite p. 386, and shows that the important channels of 
the upper harbor are nearly all the production of the dredge, 
and it is also found in this connection that in all of this 
dredging, so far as can now be learned, the digging ( except 
that near wharves and old sewer outlets) has been mainly ii:J. 
the original clay, which is found but thinly covered by mud 
or silt. None of the dredging has been f01· di_q,qing out 
material that had silted np 01· shoaled an 01·i_qinal main 
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channel, except, perhaps, some of that in the extreme upper 
harbor near the mouth of the Mystic River. The channels 
of Boston lw1·bo1·, ouce cfredged, m·e founcl to retain th.ei1' 
depth 1·eina1·kably well. 

(11.f) .1.lfeasurninent of Velocity of IIm·bor Gim·ents. -A 
new study of the currents in Boston harbor has been under
taken, and some hundreds of measurements made of the 
velocity of the water in various rcpresentrrti"c localities and 
throughout all stages of the tide, close to the bottom, for it is 
this bottom velocity that determines the r1uestion of scour 
or shoaling. A new dcterrninrrtion of the distribution of 
velocity in vertical and horizontal planes at the three princi
pal controlling sections for tidal cmrents has been made, at 
various stages of the tide, with the aid of special current 
meters kindly loaned to us, one by the United States Coast 
f;,urvey, two others by direction of the Chief of Engineers. 
So far as could be learned, no investigations of this special 
subject had ever been previously made with such a degree 
of completeness or accur:.cy as would be considered neces
sary according to the standards of to-clay. 

As a result of our measurements, we find the bottom 
velocity is much smaller than the velocity given by floats 
near the suHacc, and inadequate in force to produce scour 
in the kind of material of which the bed of the harbor is 
chiefly composed. These mca:::;urcmcnts are described in 
detail in Appendix No. 11. One interesting feature of these 
current measurements was the discovery that much of the 
time pulsations were going on, which in their slow regular 
period could be likened to the long ground swell commonly 
found near the harbor entrance. The rise and fall of the 
rap.iclity of the click of the electric sounders which recorded 
the revolutions of the meter "·ere nearly always apparent to 
the ear, and while we did not have the opportunity to study 
this subject fully, it appears that the ,·elocity of the current 
on the swell of these pulsations may be increased fully 10 
per cent., and the power of the current to scour thereby 
materially increased. 

( N) Geology of Boston Harbo1·. - I felt that no study of 
the effect of a change in the tidal prism upon the preservation 
of the harbor would be adequate without fuller knowledge 
of the conditions which produced this depression or indenta
tion of the coast line. Therefore, l rcqt1ested the gentleman 
who, so far as I can learn, has studied the geology of the 
Boston basin in every part most profoundly for the past 
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twenty-five years, who is now consulting geologist on the 
East Boston tunnel, and whose previous ,vritings on the 
general geology of this region are a standard authority, to 
make this question of the origin and preservation of the 
harbor a special study, from the stand-point of the geologist. 
He was also asked to give particular attention to the char
acter of the sub-strata in the immediate vicinity of the pro
posed dam site. 

He has made an examination of all available records of 
the borings in different parts of the harbor and the adjacent 
estuaries; has personally examined the material now being 
dredged at Bird Island flats, etc. ; and we have sought to 
compile a complete record of all known bed-rock borings, 
for foundations, elevator plungers, etc. 

The geologist's report is given in Appendix No. 7, and 
will be found exceedingly interesting. His maps of con
tours of the bed rock and of the hardpan or bowlder clay 
cannot fail to prove of great value in many other engineer
ing studies in and around Boston. 

I-Iis conclusion is, that the sw·_qing back and f01·th of the 
tidal p1·isrn has probably done 11w1·e to shoal the harbor as a 
whole than it has to deepen it, and that the ha1·b01· is essen
tially a drowned valley, a valley excavated by the meander 
of the larger streams flowing while the ice cap was melting 
at the close of the glacial epoch, probably ten thousand 
years ago and the valley afterwards submerged by the slow 
subsidence of this whole region, at the rate of perhaps only 
5 or 10 feet in a thousand years, to the extent of from 30 
to 50 feet, and of which actual subsidence there are many 
proofs. The reasonings and the conclusions are set forth 
in much detail in Appendix No. 7. 

( 0) Borings fri Silt Depos-its in Harbor. - vVe cut out 
34 sample cores, from 2 to 4 feet in depth, or well down 
into the blue clay, of the material now forming the bed of 
the harbor at various representative localities, mainly in 
areas where a comparison of ancient soundings with modern 
soundings had indicated that shoaling had occurred. It has 
long been questioned by some of those familiar with hydro
graphic work whether the small differences in depth found 
in the main thoroughfares between the surveys of 1835-65 
and 1888 were due to scour and shoaling, or due in part at 
least to errors of measurement; for all of these soundings 
were made rapidly for general purposes, obviously with no 
attempt at precision, probably with a light lead and a hemp 
line, from a moving boat, from an oscillating surface and 
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partly in currents rapid enough to sway and belly out the 
hemp line in the 20 to 40 foot depth to a varying degree, 
according to the height and set of the tide. 

It appears absolutely certain that wherever the hard blue 
clay free of shells is found, this represents the original floor 
of the harbor, and that this was deposited where it now lies 
thousands of years ago. Therefore, if we cut down into the 
blue clay and measure the thickness of the overlying silt 
and find this thickness smaller than the alleged shoaling, it 
is obvious that one at least of the two sets of old soundings 
compared must be in error. 

For obtaining these samples I adopted the simple expedi
ent of an 8-foot piece of 2-inch wrought iron pipe with a 
thin sharp end, on the outside of which was ,mounted a 
30-pound ring of lead freely sliding up and down, and 
striking against a collar on the pipe, which weight, worked 
by a rope from the surface, was used like the ram of a pile
driver to hammer the pipe down into the harbor bottom. 
The apparatus was easily handled from an anchored scow 
and could be used in any depth of water. The pipe was 
provided with a valve at the top. A leather cup loosely 
fitting in the bottom of the pipe protected the top of the 
core, and the plug of hard blue clay secured the bottom of 
the core. A hard pull on tackle and davit drew the pipe 
out of the harbor bottom and brought it to the surface and 
on board the scow, when a piston was introduced at the top 
end of the pipe and the core pushed out on to a board for 
examination. Freezing weather stopped us in this work, 
but the cores obtained were from several different represen
tative localities, ,and prove that the deposit of silt is thin, 
and tend to disprove the supposed shoaling shown by the 
soundings ; for these sample cores generally show that the 
depth of soft material now found on top of the hard, original 
blue clay floor of the harbor is less than the supposed shoal
ing found by a comparison of ancient and modern soundings. 

The decrease in tidal area caused by cutting off the Charles 
basin will be only GO per cent. as great as the tidal areas 
previously cut off from the harbor by filling the flats; and, 
if shoaling naturally follows a reduction of tidal flow, it 
would have shown itself more conspicuously in these sample 
cores (see map opposite p. g79). 

(P) We have given much attention to the navigation 
interests, and it has been sought to so plan the improvement 
that a great benefit to the manufacturing interests and the 
navigation interests should be obtained. These studies re-
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ceived a new impetus from the statements presented by Mr. 
Albert E. Pillsbury at the hearing of Oct. 10, 1902, on 
behalf of the owners of wharf properties along the Charles. 

After reviewing his statements and revisiting the prop
erties of his clients I came to feel that these requirement<:i, 
if interpreted literally, might be construed to call for a 
much larger expenditure than Mt'.. Pillsbury and his clients 
had supposed. Moreover it appeared to me that they had 
underestimated or not allowed sufficiently for the manifest 
betterments due to ability to reach their wharves at any 
hour and to shift position at any hour, or the gain from no 
longer straining the hulls by allowing heavily loaded vessels 
to lie aground while the tide was out. Plainly this was a 
case demanding expert assistance, and I sought the advice 
of the man who has for more than twenty years been the 
engineer actually in charge of the investigations and con
structions of the Massachusetts Board of Harbor and Land 
Commissioners, and was more familiar than anyone else of 
whom I could learn with the practical conditions of stability 
of dock walls in Boston harbor and the reasonable require
ments of navigation in this particular region. 

·while it had appeared clear to me, from inspecting the 
walls all around the margins of the basin and from talking 
with disinterested parties, familiar with past and present con
ditions, that the shipping interest of the Charles basin is 
on the decline, and of comparatively small importance at 
present, and that part of the large tonnage shown during. 
the past year or two has come from han~ling the large quan
tities of piles, lumber and granite required in the building 
of the Cambridge bridge, it nevertheless appears true that 
the keeping of the facilities for navigation opened and un
impaired may serve a very useful purpose, and be of great 
financial benefit to the citizens of Cambridge, Brookline, 
Newton and Brighton, by keeping water competition alive 
as a means of regulating railroad freights on coal and build
ing materials. 

Around the twenty miles of shore line that the Charles 
River basin and its canals present there is ample space for 
a great future development of manufacturing, without en
croaching to any objectionable degree upon the utilization 
of the natural beauties of a large part of the shore line for 
park purposes ; and with this prospective factory develop
ment there will come an increased commerce by water. 

I would vigorously oppose the suggestion that factories 
are not wanted around this basin, by pointing out the plants 
of the Cambridge electric station and the University Press 
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as examples of industrial architecture that need give no 
offence, and by the further suggestion that the natural loca
tion for factories is in situations like those along the Broad 
canal and the Lcduncre canal, and that many other sites 
between Craigic bridge and the W,-atcrtown dam exist, emi
nently suitable for industrial development. 

One chief requirement for a factory location is an abun
dance of fresh water for steam purposes and purposes of 
condensation. This matter "·as well set forth by the dis
tinguished mechanical engineer, :;\Ir. E. D. Leavitt, Jr., of 
Cambridge, in a letter presented with the evidence of 1894. 

The water of the Charles would be P.nt.frcly suitable for 
these purposes, thereby conserving the far more expensive 
supply brought in by the metropolitan water works. 

"\Ve cannot now sec far enough into the future to say what 
its industrial developments may be; but it is plain that it· 
would be wrong to in any way impair the opportunities for 
this by limiting the benefit:, of free navigation, particularly 
since these can be secured with very small additional expense. 

For example, the site of the lock is already deeper than 
necessary; therefore, it will add comparatively little to its 
cost if a depth over the sill sufficient for all ordinary coast
wise traffic is provided. Second, the filling of the proposed 
esplanade will absorb the results of a large amount of 
dredging. 

The present channel is very crooked and obscure. If the 
proposed new channels arc built as near to the foot of the 
embankment walls as the economy and security of wall 
foundation will permit, this channel, although its edge be 
40 feet away from the wall, will serve a very useful pur
pose in aiding in the prcscrva,tion of the purity of the water 
in the basin, by bringing the main current, due to upland 
water, particularly in those seasons of the year when the 
flow of the Charles River is greatest, and the periods of 
sewage overflow mofit frequent and of longest duration, up 
close to the point where these overflows discharge. 

It is a fact of hydraulics that the strongest current tends 
to follow the line of greatest depth; and by dredging the 
nrntcrial for the embankments from channels near the mar
gins, the strongest current will be brought close to the 
point where any pollution must enter the basin. In other 
words : Pollution will be most efficiently absorbed, if 
divided among many outlets, and it is simpler and better to 
bring the main current up near to the outlets of sewer over
flow than to extend these many overflow channels beneath 
the basin out to the present main channel. .. With the adop-
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tion of marginal conduits, the overflows of storm water 
mingled with sewage from these conduits into the Charles 
will be so rare and so dilute that there is much less reason 
for inducing a current near the shore than if the marginal 
conduits were not to be built. 

( Q) An investigation of the pollution of the waters of 
the Broad canal and the Lechmere canal was made, and 
conditions found which it was believed would make their 
appearance offensive after the basin was held at a constant 
level unless means for flushing or circulating the water 
could be found. 

Although this matter was not touched upon in the evidence 
presented in 1894 or 1902, an inspection of these canals and 
their surroundings at low water shows that they now receive 
much pollution from oil, gas, tar waste, privy drainage, fac
tory waste and stable drainage; and although much of this 
could be forced into the neighboring sewers, the ·waste that 
will naturally come to these canals from the shipping and 
from the factories along their shores appears to demand some 
further provision. 

At each of a half-dozen inspections that I have made of 
Broad canal at low tide, I have noticed more of the irides
cence and evidence of oil, tar and gas manufacturing waste 
in the outlet of Broad canal than at any other point on the 
Charles. 

Fortunately it is found that very simple means can be 
provided, ·which appear certain to accomplish all necessary 
circulation and keep these canals at all times filled by an 
inward current of clean, fresh water from the basin, which 
shall be suitable for steam purposes, and of great service and 
economy to the factories already in this district and to the 
future factories which are likely to be built there, with the 
improved conditions for navigation. 

The simple method proposed consists in utilizing a portion 
of the present Binney Street overflow conduit, which now 
stands idle 95 per cent. of the time, and which was originally 
built for a trunk sewer, but which, since the construction of 
the North Metropolitan Sewer system, has been used only 
for a storm overflow channel, and which runs conveniently 
near to the head of these two canals. 

The connection at the head of each canal would consist 
merely of a cast-iron pipe, perhaps 48 inches in diameter, 
provided with a suitable adjustable weir and gate at its up
stream end, and a simple tide gate at its down-stream 1311d, 
where entering the '9-foot Binney Street conduit. 
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I propose that a marginal conduit leading from the Binney 
Street sewer overflow channel be extended for a distance of 
about 2,000 feet beneath the parkway known as '' The Front" 
down to a point just below the proposed dam site at Craigie 
bridge, crossing under the outlet of the Lechmere canal by 
means of a siphon, terminating just below the bridge in a 
sort of masonry catch-basin, having double tide gates at its 
outlet. 

The present outlet from Binney Street into the basin 
would be reconstructed with an appropri~te overflow weir, 
so as to retain the full advantages of the basin's water level 
at grade 8 or 9, for relieving the Cambridge storm drainage 
from the flooding of streets and cellars that now frequently 
occurs in storms at high tide. 

One great advantage of this marginal conduit combined 
with the inflow weirs from the canals is that it serves the 
double pmpose : first, of keeping out of the basin the pollu
tion of this largest and perhaps dirtiest of the Cambridge 
sewer districts, with its street washings, sewer flushings and 
floating freces; second, it affords a continual inflow and 
flushing of these two canals with clean water, with almost 
no expense for attendance and maintenance, and no expense 
whatever for pumping; and at the same time it will preserve 
all the advantages of relieving the Cambridge sewers in 
great storm flows occurring at high tide. 

(R) An investigation of various methods for inducing 
circulation in the future Fens basin has been studied. The 
committee received a formal protest from the f:"aculty of the 
Tufts College medical school, located a few hundred feet 
distant from the foulest spot in tlie Fens basin, to the effect 
that they feared- the basin would become exceedingly foul 
if the circulation now produced by tidal action in the Charles 
were disco11tinucd ( evidence, p. 83). Mr. Blake had an
ticipated similar objections by providing for circulating the 
water by a pumping engine of the propeller type, which he 
estimated would cost $50,000, * and could be maintained 
for the yearly sum of $G,OOO. After considering the desira
bility of the south marginal conduit for sundry other pur
poses, it appeared that it could be made to co-operate in 
securing circulation in the Fens after much the same manner 
that I have proposed on the preceding page for the Lech
mere canal, without any expense whatever for steam or 
electric power and at no expense for constant attendance of 
fireman and engine man. 

• Evidence, Bla.ke, p. 207. 
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For this purpose an intake near the Stony Brook bridge 
or near the Brookline Avenue gate house would be pro
vided, consisting of a broad circular weir that could be 
closed when desired by a cylindrical gate, which, when 
open, would rise clear. This intake would communicate _by 
a pipe, say 36 or 48 inches diameter, leading to the short 
new channel, by which the '' foul flow" of the new Stony 
Brook channel is to b.e led into the old 7-foot conduit and 
thence into the proposed marginal channel. Automatic 
arrangements, similar to the sewer regulators, would be pro
vided, by which the intake could be closed when rains or 
melting snows swell the flow of Stony Brook; or a similar 
arrangement can be attached to the Muddy River conduit 
near the Brookline Avenue gate house, if the marginal con
duit is extended to St. Mary's Street. 

This arrangement will permit of a broad open entrance 
from the Charles basin, by which canoes and boats can freely 
enter the Fens. 

( S) At our request, the city engineer of Cambridge very 
kindly undertook new studies of their sewer system, with a 
view to developing an outline of a plan and determining the 
cost of the gradual abolition of storm overflows of sewage into 
the upper part of the proposed basin by carrying out the sep
aration of sewage and storm water at a somewhat greater rate 
of progress than heretofore contemplated. Cambridge has 
already made much progress in this work of separation. 

These studies are reported briefly in Appendix No. 14, 
and showed that the probable cost of constructing new 
sewers and drains for separating the sewage from the storm 
water in all that portion of Cambridge tributary to the 
Charles, and thereby excluding all of this pollution from 
the proposed basin, would be $767,783. The cost of chang
ing over the house plumbing and drains for the 11,232 
buildings within this area would probably add $100 per 
house, or $1,123,200, -a total of $1,890,983. 

The Binney Street district alone would account for about 
$780,000 of the above, and the proposed Cambridge mar
ginal conduit will answer all requirements for this Binney 
Street district, at a cost of only about $88,000. This leaves 
as the expense for separation of storm ,vater and sewage in 
the remaining portion of Cambridge tributary to the dam 
about $1,111,000; but this work is not a'' condition prec
edent'' to the building of the dam. 

( T) Studies have also been made in the Boston city 
engineer's office of a scheme for the progresiive lessen-
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ing of the discharge of sewage overflow in time of storm 
from the Boston main drainage system into the Charles 
basin, by separating the storm water and street drainage 
from the sewage, as had been ah·eady suggested in outline 
in the report of the sewer department for HJ0l, but begin
ning this work first on those districts where it would accom
plish most in lessening the overflow of sewage into the 
Charles River. This ·work was placed in the hands of Mr. 
Louis F. Cutter, C.E., and is reported in detail in Appendix 
No. 1.5. 

These investigations showed that the complete separation 
of sewage from storm water in those parts of Boston tribu
tary to the Charles would cost about $4,705,000, while for 
the region west of the Fens, for which the reconstructed old 
Stony Brook channel would not serve as a surface ·water 
drain, the cost would be about $2,701,000. 

Finally, it appeared that bnth on the Bost.on si"cle ancl on 
the Oamb1·icl,qe sicle the mct1·ginal conchi-it m,etlwcl qf lessenin,q 
th.e pollution was m:uclt quicker ancl mo1·e econo11.ical than the 
joi·c-in_q of an eady SPJJaration of all sewar;e jl'om .storm water, 
and the conduits also serve for producing circulation in the 
Fens and in the Cambridge canals. 

( U) ,v e tried to repeat the ground-water level measure
ments of 1894 by utilizil)g the same pipe wells. \V c found 
only a few of them available, and a few ground-water levels 
were observed at such of the test wells mentioned in the 
report of the ,Joint Board as could be found. Further 
studies were planned, particularly in certain low districts 
near the Cambridge shore, and other,; above Exeter Street, 
and a well-boring apparatus ,-suitable for this work was very 
kindly loaned us by the engineer of the Metropolitan vVater 
and Sewerage Board, but the time proved insufficient, and 
it appears so plain to me from general principles that the 
proposed dam at grade 8 would not affect the present ground
water level injudiciously, and Mr. St.carns's reasons given 
on pages 26 and 27 of repoi·t of 18!)4 and in his evidence 
before the Harbor Commission are so clear and convincing 
on this point, that I was the more ready to defer this field 
work. 

( V) The probability of the occurrence of a" Stony Brook 
flood" in conjunction with a '' :Minot's Ledge tide" was in
vestigated, for in efft•ct. this had apparently been assumed in 
certain of the evidence presented as a mearis of showing 
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that the storage space in the proposed basin, after drawing 
it down on the preceding tide, would not suffice to contain. 
the largest flood and the worst conditions for which there 
were precedents. 

From the United States Coast and Geodetic Survey and 
from the Weather Bureau I obtained all available records 
of exceptionally high tides and. exceptionally heavy rain
falls. These records are not complete, and serve to show 
that the extreme tides commonly come from strong, long 
easterly storms, and that these are commonly accompanied. 
by considerable quantities of rain ; but no case has yet· 
appeared where the very extreme conditions of tide and 
storm flood have come together; and from the theory of 
probabilities it is plain that the chances of a rainfall like that 
of February, 1886, being superimposed on a tide like that 
of April 15-17, 1851, are very remote, and, if it did come, 
need not be feared. 
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CONCLUSIONS. 

As a result of the studies of the evidence presented at the 
hearings of 1902 and 1894, and from the new data described 
above, and for other reasons which will be stated in detail 
in the following pages, I have reached the following con
clusions:-

I. The Balance between Advanta,qe and Disadvantage is 
unmistakably in Favo1· of Building tlte Dam. 

It surely docs not threaten the presel'vation of the harbor. 
It surely does not threaten the public health, and, if certain 
present intolerable defects in the S"Cwer system arc remedied, 
there is no danger that the water in the proposed basin need 
ever become offensive, or its condition be like the present 
condition of the Fens basin. 

Taking the whole year through, the navigation of the 
Charles basin and the Cambridge canals will surely be im
proved by the dam. There will be some increased trouble 
from ice and some moderate expenditure for dredging and 
for strengthening certain walls. 

After including liberal allowance for the cost of marginal 
conduits to intercept street wash and intercept sewer over
flows, and to provide circulation in the Cambridge canals 
and in the Fens (precautions 11ot contemplated in the report 
of the Joint Board of 1894, and which I regard more in the 
light of insuranee, or factor of safety, and as a cont1·ibution 
to the luxu1·y of cleanliness rather than a distinct necessity) 
this whole great public improvement is wonderfully cheap. 

Advantages v. Disadvantages. - The principal advan
tages are: -

1. The magnificent opportunity at comparatively small 
expense for replacing unsightly tidal mud flats and unclean 
muddy shores now having indifferent surroundings by a great 
water park, somewhat similar, in its lower, broader portions, 
to the Alster basin at Hamburg, Germany, and possessing, in 
its upper, narrower portion, the advantages for wholesome 
recreation now found on the Charles River near Riverside; 
all near to the great centres of population and convenient of 
access to people of moderate means and limited leisure, 
requiring neither long walks nor long rides on street cars 
before it can be enjoyed. 
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2. A probable large increase in valuation of the marginal 
lands, now in private ownership, up stream from Harvard 
bridge, consequent upon the basin being made more attrac
tive. 

3. The lessened expense for development of the 16½ 
miles in length of park lands upon the margin of the Charles 
River already acquired by the Metropolitan Park Commis
sion and the municipalities bordering the river, or otherwise 
dedicated to public or semi-public use, because of lessening 
the amount of filling and diking of the marshes and guzzles ; 
the lessening of the amount of dredging or cleaning, and 
gravelling of muddy slopes within the tidal range on some 
long reaches up stream from Soldiers' Field ; and on other 
long reaches bringing the possibility of clean, walled shores 
within reasonable cost. 

4. The holding of the basin at a constant level between 
grade 8 and 9 instead of the present frequent rise to grade 
11, and 1·esl1'ict·ing the highest necessa1'y stoi·m level to grade 
11 at hi,qh ticle, in the g1·eatest stonn of half a century, in
stead of the occasional tides of 14 feet, and with an extreme 
record of 15.67 feet above Boston base, would give impi·oved 
sanitary conditions throughout portions of the Back Bay 
district of Boston and throughout portions of Cambridge by 
lowering the extreme flood level in the present sewer and 
storm-water drains, and thereby give almost absolute relief 
fl'om liability to such ove11fows C!f' se1ca,c,e into cellm·s and 
ove1· cata.in low ten·it01·y a.s are repoi·tecl to now not iiifl'e
quently occu1· during extremely heavy rainfalls at high tide.* 

5. This constant water level at grade 8 or 9 will prevent 
the uncovering of large areas of foul-smelling and unsightly 
mud flats near Harvard bridge and other lkrge areas of mud 
flats immediately below the darn at "\Vatertown, and will 
prevent the uncovering of muddy or slimy banks and guz
zles along the narrow portion of the river for nearly the 
entire distance up stream from Captain's Island to the centre 
of vYatertown. 

These areas lying above grade 0, Boston base, or uncov
ered at extreme low tide, are colored brown on the aocom
panying large contour maps of the present basin and the 
maps of the Cambridge canals. 

* On vage 19 of report on prevention of floods in valley of Stony Brook It is stated 
that durrni, a period of eighteen years there were 41 tides which rose above 13. 14, city 
base; 19 tides which rose above 13.50, city base; 8 tides which rose above 14.00, city 
base; 3 tides which rose above 14.50, city base; 1 tidEt which rose above 15.60, city base. 
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The portion of the river above vV~tertown Arsenal is not 
ordinarily uncovered down to the mean low-water grade of 
0.64, Boston base, because the water of this long channel has 
not time to drain out completely between tides, and bec~use 
throughout most of the year the flow of upland water is 
sufficient to cover the bed of the stream, but in extreme 
drought in hot weather these up-river flats may become 
very offensive to sight and smell. 

6. A lessening of the probability of malaria and a lessen
ing of the mosquito pest will naturally foll<?w the con:,;truc
tion of the proposed dam, because of the obliteration of their 
breeding places aner the better drainage of the marshes that 
will be rendered feasible through the construction of the dam. 

The anopheles mosquito, which recent research has proved 
to be the chief and probably the sole agent in the dissemi
nation of malaria, now breeds in stagnant pools along the 
upper portion of the proposed basin, and· the culex, or non
malarial mosquito, breeds in the small pools in the present 
poorly drained marshes. 

lj a dam is bttilt as p1·oposed, ·it will be a simple, inexpen
sive matter to so clwn,qe the contow·, elevation and drainage 
of the sloping banks that almost eve1·y one of these pools of 
fresh or brackish wate1·, in which mosquito larvw now find 
safe shelter f'rom thefr naturnl enemies, will no lo11ge1· exist; 

7. The full dam, as proposed, will prevent the flooding 
of a broad extent of marsh land in Brighton, Vi'atertown 
and Newton, under the highest tides of every month, as 
now, for the high water at ordinary spring tides of each 
month averages 11.64. The average elevation of these 
marshes is about 10. 7. 

8. The constant water level at grade 8.0, Boston base, or 
perhaps 0.5 or 0. 75 foot higher, will give improved condi
tions for navigation by coal-laden or other shipping, after 
merely dredging out from appropriate places the amount of 
material required for filling the marginal embankment au
thorized by the Acts of 1893. Mean high water in the 
lower portion of the Charles basin is probably very slightly 
lower than at the Navy Yard because of the resistance of the 
pile bridges. In the upper portion of the Charles basin the 
tide rises slightly higher than at the Navy Yard, by reason 
of the momentum of the current and the narrowing channel. 
These differences anywhere between Essex Street and Craigie 
bridge are hardly more than an inch, and for the basin as a 
whole the height at the Navy Yard may be used with suffi
cient accuracy for present purposes. 
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Mean high water, according to determinations of about 
twenty-five to thirty-three years ago, is now commonly 
reckoned at 0.64 + 9.8 = 10.44, Boston base. 

If the basin level is grade 8.5, about 2 feet of the depth 
for floating barges or schooners to their berths dm·ing the 
!tom· of extl·eme high water, wicle1' mean 1·ise of tide, would 
be lost; while, if found feasible to maintain basin at grade 
8.75 or 9.0, the loss of depth over the shoals would be 
correspondingly less. But, on the other hand, the tide 
does not reach so great a height as 10.4, Boston base, on 
about half of the days of the year, and the alternate tides 
of each day materially differ in height. The tide curves 
for four representative months - ::\fay and June, when the 
carrying of building material is probably most active, and 
September and October, when the coal trade may be as
sumed to be the heaviest-are given below; and by com
paring this diagram with the maps of the two Cambridge 
canals, it will be seen how very short the available time 
now is in which a coal schooner of average depth can be 
berthed, and how great the saving in demurrage would be 
if the dam is built and a moderate amount of dredging done. 

That the consideration of mean high tide as the present 
working level for navigation tends to obscure the facts and 
tends to exaggerate the real injury will be seen by reference 
to these diagrams of tidal range; for, diwing the low neap 
tide pe1·ioils, the ticle does not now rise above ,qrade 8, by the 
mean low icater datum, fo1· about a iceelc at a time. 

By the United States Coast Survey tables of predicted 
tides at the :Xavy Yard, Boston, it will be seen that, in 
May, 1902, the tide did not rise above grade 8, mean low 
water datum (corresponding to 8.6, Boston base), in the 
hours of daylight, during the entire week between May 22 
and May 29, and again during the neap-tide period, for 
about a week frorn June 17 to June 24, 1902, the day tide 
did not rise above grade 8, mean low water. The same 
is true for the week from Sept. 9 to Sept. 16, 1902; and 
also for five or six days from Oct. 8 to 13, 1902. And, 
in my opinion, the gain from constant level at grade 8.0 or 
8. 5, in freedom to move in and oitt at all hours and in 
avoiding the seveni strains that a heavily laden boat now 
receives while lyin,q on the mucl while the tide is out, as 
shown in the photograph opposite this page, fafrly offsets 
the loss. Nevertheless, as material will have to be dredged 
for filling the dam and the embankments, I would recom
mend that the additional expense be incurred by taking a 
part of this filling material from the Cambridge canals and 
from the channels in the main basin. 
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9. The com,tant level at grade 8.0 or 8.5 will permit a 
form of dock wall construction that will be more econom
ical for the impro1,rement of shipping facilities than can be 
obtained under the present mean daily tidal range of about 
10 feet rise and fall, and the spring tide range of 12 to 13 
feet rise and fall. 

For a section of this wall, see p. 419 of Appendix No. 12. 
Because of the constant level, only about 9 feet in ver

tical height of stone wall is required along these canals, 
or just height enough to expose a fire-proof and imperish
able face to the weather, whereas, under present conditions, 
the custom has been Lo build these canal walls about 14 feet 
high. 

10. There will be some gain in economy of power because 
of the cheap and generous supply of fresh water for steam 
and condensation made available to the electric stations and 
other steam plants, present and prospective, at sundry sites 
within a thousand feet of this sixteen miles of shore line of 
the Charles River, including the Broad and Lechmere canals, 
convenient for cheap coal. This feature was presented for
cibly at the hearings of 1894, p. G53, by the distinguished 
mechanical engineer, Mr. E. D. Leavitt. 

11. It can be easily proved, as shown by Mr. Blake's 
evidence, 1902, and by ~fr. Stearns's estimate in the report 
of the Joint Board of 1894, that the cost of the dam, to
gether with the cost of the auxiliary structures rendered 
necessary by the diun, will be far less than the expense of 
removal of the pre:;cnt exposed mud flats by dredging, the 
filling of the guzzles and other depressions of the surface, 
and the extra cost of protecting the shores by embankment 
walls, bulkheads, riprap, gravel beaches or other treatment 
under the present monthly range of 12 to 13 feet in thEJ 
tide. The predicted normal tide rises frequently to grade 
11, city datum, and in easterly storms frequently comes up 
to grade 13, and has once been up to grade 15.6, city datum. 
Notes on a number of extreme tides will be found in Ap
pendix No. 18. 

The height of the principal sea walls on Charles River in 
Boston is 15.0, and in Cambridge 15.5. * 

* The Charlesbank wall, which Is probably the best of the Charles River sea walls, of 
coursed granite (built in 1885-6) Is 13.l feet high from bedstone to capstone inclusive, 
and is built on piles and platforms, at an average cost of abont $65 per lineal foot. 
The presence of ledge and trouble about short piles added some to its cost. On the other 
hand, there was some saving hy the use of stone from old walls, and In comparison with 
to-day the cost of labor is higher, while stone and cement are cheaper, so tile cost can 
still be used as a fair gnide for a wall of equal quality. 1 

The coursed granite wall between Cambridge bridge and Harvard brldg-e, and now 
extending up stream from Harvard bridge, built ln 1888, has top at elevation 15.5 and 
bottom at elevation-2.0, Boston base, and rests on gravel filling wltilout piles; bas a 
rlprap front slope. This has cost about $30 per lineal foot. 
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Disach·antages. 

The only important disadvantages that would result from 
this clam ::tppear to be : -

Ffrst. The extra cost ( if :111 y) of the clam and its auxiliary 
structures above the cost of the structures that will be re
quired for sanitary and other reasons, if no dam be built. 

(It appears that., taking account of the present condition 
of Craigie bridge ; the dredging of foul mud banks ; the 
improvement of the Fens required regardless of the dam; 
the necessity for filling and diking and draining marshes; the 
absolute necessity of improving the dirty banks of the upper 
portions of the estuary, the method of improvement by means 
of the dam and its auxiliary structures will cost the least of 
any efficient method of treatment that can be devised.) 

Seconcl. The loss of interest involved in an earlier ex
penditure for the separation of sew:1ge from storm water 
than would otherwise be demanded. 

(It does not appe:1r that any part of the cost of remedying 
the present unsatisfactory conditions from sewage in the Fens 
basin or of removing the defilement from the two Stony Brook 
channels is properly clmrgeable to the dam. Neither should 
the cost of a sewer for the Beacon Street houses be charged 
against it, nor the connection to sewers of sundry privies and 
stable drains, now emptying openly or leaching into the basin 
and the Cambridge canals. The work of sep:1rat.ion of sew
age from storm water was begun in Cambridge two years 
ago, and the report of the Boston sewer division for the year 
l\JOl strongly recommends that a similar work be begun in 
Boston, purely on sanitary and economic grounds, almost 
without regard to the Charles basin. This work of im
proving the sewers of Boston and Cambridge must be done 
sooner or l:1ter, although no clam be built. The building of 
the clam will merely stimulate an earlier and more energetic 
carrying out of the work.) 

Thfrcl. The greater interference to navigation by ice on 
a fresh-water basin, in comparison with the present salt
water ',Jasin, and possibly, rarely, some increased trouble 
with ice in the part of the harbor near the railroad bridges 
below the dam. 

Fow·tli. The compensation or damages that will doubtless 
be asked for by those owning wharves. 
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.FifUt. Some very small increase in the cost of dredging 
out certain deposits of gravel for purpose of sale. (This 
will be far more than otfact to the owners by the market 
afforded for this gravel in the clam.) 

8ixtlt. A -very small inercasc in total amount to be 
pumped at the pumping stations o~ the Boston main drainage 
and the metropolitan sewerage, clue to the larger' average 
quantity of storm water that will be stored in the main 
sewers after that lying below grade 8 can no longer drain 
into the Charles at low tide, and must, therefore, drain 
down through the regulator gatr:-.s into the metropolitan 
sewers after the storm is over, and immediately be pumped. 

I have had a Ycry complete estimate made of this possible 
storage in the Cambridge system connected with Binney 
Street, the largest system of all, and find this will involve 
only a comparatively insignificant expense. 

Seventh. The need and cost of flushing- the Broad and 
Lechmerc canals. (This has been provid~d for by means 
hereinafter described, and, in this respect, the arrangements 
proposed in connection with the dam will relieve the present 
unsatisfactory dirty condition of the Broad canal, due to 
oil sleeks on the basin that come from gas works and from 
asphalt roofers' waste, and that which comes from storm 
wash of streets and dirty yards.) 

Ei,qlttlt. The need and cost of special means for circula
tion in the Fens basin, now produced by the tide. (This 
can be done better than now by the marginal conduits else
where described in this report. Much less circulation will 
be required than now, after the "foul flow" of Stony Brook 
is removed from the Fens by the connection of the new '' com
missioners' channel" with the old 7-foot channel.) 

II. Full Dam v. I-Ialf-ticle Dam. 
I have given careful consideration to this because of the 

half-tide plan having been favored by certain men whose 
opinions are entitled to great respect. · 

I have come to the opinion that the improvements which 
are most desirable can be accomplished very much better by 
a dam of full height than by a half-tide dam. 

It appears that much more than half of the advantages for 
pleasure boating and for park development, with neat, attrac
tive water margins, free from wetness, slime and mud, pos
sessed by a basin with slight current, at constant water level, 
would be sacrificed by a half-tide dam. 

For half the time the objectionable current would be as 
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strong as now. For half the time the upper half of the 
slope would be as unsightly as now, and there are some 
dangers to iife connected with pleasure boating controlled 
by a half-tide dam, due to boys in boats or canoes coming 
too near the overfall, or to direct attempts to run the rapids 
while fall was moderate. 

The benefits of the constant water level near grade 8.0 or 
9.0 in preventing the flooding of the marshes, in draining 
the mosquito-breeding pools and in lessening the height of 
storm discharge from sewers and drains would be wholly 
sacrificed by a half-tide dam. 

The Back Bay cellars and Cambridge cellars would con
tinue to be flooded by the backing up of sewage in severe 
storms at high tide, just the same as now. 

A half-tide dam would not properly cover the broad areas 
of objectionable mud flats in w· atertown ( see map of upper 
basin) ; and, indeed, the rise of the tide, as now, to grade 
10.4 ( saying nothing about the frequent rise to about grade 
12, Boston base) would keep these marshes, guzzles and 
shores wet and slimy; and its fall to grade 5.2 would un
cover many acres of slimy, muddy slopes and fiats, mainly 
in Brighton, Cambridge, Watertown and Newton. 

Indeed, so far as now seen, the only substantial advantage 
presented by a half-tide dam is : -

1. It would secure the covering of the mud flats near 
Harvard bridge and the dirty strips of flats exposed at low 
water along the present embankment walls. 

2. It would prevent uncovering the unsightly, bad
smelling bottom at the· upper ends of the Broad canal -and 
the Lechmere canal. 

3. The daily flushing of the Charles basin with salt water 
would have nearly the same effect as now, and permit the 
separation of storm water from sewage to make slower prog
ress, and permit delay in providing a sewer for the houses 
on the north side of Beacon Street. 

4. It would afford to the shipping the same flood tide 
depths as now, during the week of spring tides, and would 
prevent some of the grounding with the ebb tide that now 
occurs. 

In brief, it would deprive Newton, vVatertown and upper 
Cambridge of the benefits that it brought to Boston and 
Cambridgeport. 

III. Location for Dam. 

The best location for the proposed dam is plainly at the 
present site of Craigie bridge; and a little forethought and 
ingenuity in planning the prosecution of the work here will 
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lessen the cost by rendering a ten1porary bridge during con
struction unnecessary. Every foot gained in the length of 
the pool below the dam would be of advantage ii.1 manreuv
ring barges, tugs or other boats before or after passage 
through locks, more so perhaps with the larger commerce 
of the future than with that of to-day, therefore all increase 
of width should be crowded to the up-stream side. 

One reason for location at Craigie bridge is the desira
bility of including the largest practicable area within the 
basin, so that the storage available for flood discharge shall 
be a maximum. 

A second reason is that economy of operation of the 
drawbridge, the lock, the sluice gates and the possible future 
propeller pumps at the outlet of the marginal conduit for 
receiving sewer overflows and street ,vash can be gained by 
serving all of these from one power station and under one 
superintendent. 

But the chief advantage of the location at Craigie bridge 
is that tlte cost of tlte clam itself can be iolwlly savecl to the 
cities of Boston and Cambridge and Somcrdlle by utilizing 
it as the substructure for a new bridge. 

The present Craigie bridge is an old structure. · I find 
by inspecting it from above and from a boat beneath that 
the marks of decay are very apparent, and it is plain that 
it must soon be rebuilt, regardless of what is done about 
the future water level of the basin. The present standards 
of municipal engineering and architecture would probably 
not tolerate another plain, crude, pile-and-stringer structure 
like the present, which is simply a restoration or patching 
up of the bridge of 1808, and the large and increasing traffic 
over it demands more width. 

Some testimony upon the cost of each of the three modern 
bridges built across the Charles during the past f01v years 
was presented at the hearings, from which it plainly appeared 
that the cost of a modern bridge, including piers and abut
ments and draw-span, would be considerably greater than 
the entire cost of the clam, with its regulating gates, waste
ways and lock; and the steel bridge would be much less 
permanent in character than tl:ie dam, and, therefore, sub
ject_ to greater maintenance charges t,han the dam, by reason 
of rusting, repainting, repairs and allowance for ultimate 
renewal. 

In order to obtain more definite information upon this 
question of cost of bridge v. dam, the city engineer of 
Boston was requested to prepare a, definite estimate of the 
cost of the new bridge soon required. 
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He prepared approximate estimates based on three different 
designs, as follows, and stated that "the general condition 
of the [present Craigie J bridge is poor and nearly beyond 
repair:"-

For ,t steel girder, deck bridge, 70 feet wide, stone piers 
and :ibutments, steel draw of clo11ble retractile type, 
ro;vlway grade 23.0, head room at draw above mean 
high w:,ter 7.5 feet, 

For steel bridge, same type, 100 feet wide, 
Same as last, with more head room (23 feet above mean 

high water), grade :it clrnw 38 . .5, 
Ornamental steel bridge with stone piers, same width and 

grade as last, 

$864,430 
1,148,!58 

1,463,362 

2,04-1,687 

For these estimates in detail, see Appendix No. 13. 

The estimate of i\lr. F. P. Stearns, chief engineer for the Joint 
Boanl of 189-!, of the cost of a dam 100 feet in width, "located 
600 feet above Crnigie bridge, where the river is not more than 1,100 
feet wide," including lock, power house and all appurtenances, was 
8660,000. 

The estimate of Mr. Percy l\1. Bhtke, C.E. (evidence, p. 238, bottom 
of page), - made for the proponents in ,fanuary, 1902, for a similar 
dam, located at Craigie brillge, without the tidal slnices (which Mr. 
Blake did not recommend and which I believe are unnecessary), and 
with a width of 120 feet "made to serve the purpose of a bridge,"
was $1,075,000. 

I have prepared estimates for three different types of 
clam, described in Appendix No. 19, and find that the cost 
of dam complete with deep lock, sluices, spillways, draw
bridge, pavements and all necessary accessories, will be any
,,,here from about $1,000,000 to about $1,550,000, according 
to the elaborateness of the type of structure adopted. From 
an examination of the site, from knowledge of the sub
strata cleri vecl from borfogs at the site of the old Lowell 
freight bridge a few hundred feet clown stream, and from 
the studies of the geologist, I am satisfied that the construc
tion at this point is entirely feasible; and, all things con
sidered, including depreciation and repair, the <lain and 
bridge and lock combined would probably cost but little, if 
any, more than the equivalent bri'.:lge 100 feet in width. 

IV. Elevation of TVater Surface. 

The requirements of navigation and of landscape effect 
make it desirable that the level. be as near the present mean 
high-water level as practicable. 
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If grade 9 is permissible, instead of grade 8, this gain of 
a foot in height, by lessening the depth of dredging required 
in the Cambridge canals and near to wharf wall::; in other 
parts of the basin, would greatly lessen the danger of under
mining those walls during the process of dredging, and per
haps would make it practicable to make the base secure by 
sheet piling, or other means, and so to a large extent render 
unnecessary any such general, immediate rebuilding as is set 
forth in Appendix No. 1_2. 

Grade 8 W!),S the grade that had been established for the 
Fens basin some years before as the most suitable, under the 
conditions then existing. The reasons for the fixing of 
the water level of the proposed Charles River basin at grade 
8, Boston base, by the Joint Board in 1894, are quite fully 
stated on pages xiv-xv, also on pages 26-28 of their report. 

One reason was to avoid flooding the up-river marshes ; 
another, to favor the existing sewer systems; another, to 
make it easier to depress the railroad in Cambridge, for the 
separation of grades ; perhaps the main reason was to make 
sure of not raising the ground-water level. 

It appeared that the existing ground-water level in the 
filled lands adjacent to the proposed basin, except as con
trolled locally by sewers, was at slightly below grade 8.0. 
This, moreover, appeared to be about the natural elevation 
of the water table in this region a short distance back from 
the shore. The lowest cellar level permissible under the 
city ordinances is grade 12, four feet above this height. 

It must ·be remembered that, at that time although only 
nine years ago, the immediate cause of malaria had not 
been discovered, and more importance was given to mere 
dampness of the soil as an unsanitary condition than would 
be attached to it to-day. That certain of the most famous 
seaside health resorts, located in a climate warmer than that 
of Boston, have ground water nearer the surface than this, 
appears by the statement of Lieut.-Col. "\V. A. Jones, Ap
pendix No. 8, p. 374. 

The recommendation of the Joint Board was safe and 
conservative in that the level recommended for the basin 
would make the level of the ground water no higher after
ward than before the dam was built. 

There are some conspicuous advantages in raising the 
basin level above grade 8, perhaps even to grade 9, and it 
is, to-clay, a fair question whether a higher level than grade 
8, Boston base, is not permissible. The including of mar
ginal conduits in the 1'ecommendations and estimates presented 
herewith will add to the safety in raising this water level. 
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The feature now mainly controlling or limiting the height 
-of the water appears to be the possible increase of dampness 
in cellars ; and the lowest permissible level for a cellar bot
tom, according to the Boston ordinances, is grade 12. 

The test wells and other investigations of the chief en
gineer of the Joint Board l_ed him to conclude (p. 27, report 
of 1894) "for the Back Bay region of Boston the lw(qlit of 
tlte [J?'O_uncl icatm· is controlled few the most part by leaka,qe 
i'nto the seice1·s and not by the height of the water in the 
Charles River." 

I had hoped to find time to sink similar pipe wells for 
testing the level of the ground water in various parts of 
Cambridge near the river and the canals, and in the up
stream territory along the narrower portions of the river; 
but, as already stated, the reasoning on this subject advanced 
by Mr. Stearns in the hearings before the Harbor and Land 
Commissioners appeared so conclusive that, in order to give 
time for other investi!rations, this work was deferred to the 
last, and finally had t'o be left undone. 

I do not share the fears mentioned by certain of the ex
perts in the recent hearings that the basin at grade 8 would 
seriously affect the inland water table, but consider that .Mr. 
Stearns's general propositions regardiug the influence of the 
basin level upon the ground-water level are almost sure to 
be applicable along the shores of the basin, viz.: -

(a) That natural ground-water level is nowhere materi
ally below grade 8 except where lowered locally by drainage 
-of sewers; and conversely, that a basin at grade 8 will not 
materially raise the present level of the ground water. 

( b) That the leakage into the sewers controls this level 
-0f the ground water, a little way back from the shore, much 
more than does the water level in the Charles. 

The capillary attraction, or the height to which wetness 
will rise in a porous earth, is almost entirely a question of 
the fineness of the material. The filling up and grading of 
the Back Bay lands was done almost entirely with a loose, 
modemtely coar8e, open-grained gmvel, in which capillm·y 
action would 8itck itp the wate1· or the clam:pness but ve1·y little, 
p1·obably not over an inch or two; and with the water of the 
basin at grade 9 there is no reason to t11ink that the three 
feet then intervening between the water table and the cellar 
bottom, in the region close to the basin, would be insuf
ficient. Farther away from the basin the sewers would 
mainly control the ground-water level. 
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Raising this basin level from 8.0 as formerly proposed to 
9.0 as now suggested would not increase the flood level at 
high tide, for it is assumed that, in case of great storms, 
the basin would have been previously lowered or held down 
to grade 8. The Charles is slow to rise, and it is a matter 
of record that -in the g·1·eat O!tm·les Rive1· flood of 1886 the 
peak of its fioocl clicl not come along until about tico clays 
ajler the peal,; of tlie 8tony Bi-ook fioocl ltacl passecl. 

The marginal metropolitan sewers built since the report 
of the Joint Board of 1894, and the marginal conduits now 
proposed, also will have material influence in preventing a 
rise of the ground water behind them. 

I am, therefor~, led to recommend that it be made. per
missible to establish the ordinary constant water level at 
any point between grade 8 and grade !), as further investi
gations may determine to be best; and recommend that the 
spillway be designed with changeable flashboards, so that 
practical test may be made on the ground-water level, after 
the clam is built, by first holding the ba::;in at grade 8 for a 
few weeks and then at grade 9 for a few weeks or monthr::, 
suitable pipe wells to be previously driven and observed 
under various conditions, spring and autumn. 

V. F1·esh-water Basin v. 8alt-wate1· Basfri. Oompw·
ative Aclvantar;es. 

Many persons have the idea that a salt-water basin is more 
healthful, and that the mere presence of salt in the water of 
the basin would tend to prevent or retard tho decay of any 
putrescent matter that might enter it. The statements of 
Dr. H. 0. Marcy ( see report of evidence at hearings of 
1894, pp. 27, 30) reflect the prevailing view. 

In order to meet this, the proponents at the he~u·ings of 
1902 gave much attention to the feasibility of providing 
large tidal sluices in the clam. 

I had some predisposition to favor a clean salt-water basin 
on anything like equal terms, particularly after having ob
served the pleasure of the children bathing and learning to 
swim at the Captain's Island playgronnd; but a preliminary 
study soon led mo to conclusions so different from the popular 
view, as expressed above, that I requested the pathologist,. 
the biologist and the chemist each to take up this question 
from his own field of view, and to make his investigations 
independently of his associates. Ea.ch of these expe1'l8 inde
pendently 1·epo1·ted that, in liis opinion, the fresh-wate1· basin 
woulcl prove the bette1·. 
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If absolutely pure ocean water could be had in the Charles 
and kept free of pollution, a different conclusion might have 
been reached; but this is plainly i1hpossible, and the vary
ing quantity of upland water precludes a brackish basin of 
the constant salinity requisite for the best development of 
marine life. 

The chemist, Mr. H. ·w. Clark, in order to answer this 
question of the comparative merits of fresh and salt water, 
undertook several lines of experimental work, which will be 
found described in some detail in Appendix No. 4. The 
principal results were as follows : -

(a) It was found that, temperature and other conditions 
being equal, salt wate1· holds somewhat less oxygen in solu
tion than fl"esh watei·, and therefore, volume for volume, 
fresh water can receive the greater volume of pollution with
out the exhaustion of this oxygen, if bacterial life is of equal 
vigor in each case (p. 272). 

(b) Several lines of experiments were undertaken for 
determining the effect of mixing various definite percentages 
of sewage with fresh water and with salt water, the aim 
being to learn how large a percentage of sewage could be 
mixed with each, under various conditions and for difl:erent 
lengths of time, without exhausting the oxygen primarily 
present in this wat~r and without producing odors from 
putrefaction (p. 270). 

The first series of experiments were made with the mix
tures in large, tightly stoppered bottles, which were '' incu
bated" and maintained at a constant temperature of 80 
degrees F. for five days, in order to give very favorable 
conditions for decompo~ition. The simple test of smelling 
of the respective samples, from time to time, gave strong 
presumptive evidence in favor of the fresh water; but, as a 
means of accurate demonstration, careful measurements of 
the percentage of oxygen remaining in the water of each 
test bottle were made frequently, because it is when the 
free oxygen originally dissolved in the "·ater becomes nearly 
or quite exhausted that putrefaction with its offonsive odors 
chiefly begins. 

In every case and with all the various pe1·centages of mix
ture it was found that the oxy,qen disappea1·ed very much 
moi·e mpidly in the salt wate1· than in the fresh water. 

Other similar tests were made, in which the test bottles 
were left unstoppered, in order that the smface of the water 
might be open to the air and free to absorb new oxygen from 
it. The open bottles did not deveJop such offensive odors 
as the closed bottles, but the odo1·s from the mixtui·e with salt 



78 CHARLES RIVER DAM. 

wate1· wm·e in all cases decideclly the wo1·se; and in general, 
throughout the variety of experiments performed on com
parative mixtures of sewage with fresh water and with salt. 
water, it was found that while ,vhen first mixed the faint. 
sewage odor was most noticeable in the fresh water, this 
odor generally became less, while with sea water mixtures 
the odor invariably grew worse with time (see pp. 272, 291, 
Appendix No. 4; also p. 342, Appendix No. 6). 

Another series of experiments was made on the compar
ative merits of salt water and fresh water for taking care of 
the pollution found in certain of the mud banks of the Charles. 
Equal quantities (2 grams) of the polluted mud from the 
Charles w.ere shaken up with equal quantities (½ gallon) 
of fresh water and salt water in stoppered bottles, which 
were then incubated at a constant temperature of 80 degrees 
F. for five da,ys, after which portions were siphoned off for 
dissolved oxygen determinations. 

This experiment was made in duplicate, salt and fresh, 
with 9 different samples of mud taken from the most polluted 
mud banks of the Charles and the Fens. In every case the· 
i·ncitbation in sea water exhausted m,oi·e oxyqen than incuba
tion in f1·esh wate1·, aid also exlumstecl a lw·,qer p1'oport-ion of 
the oxygen originally p1·esent. 

A period of reincubation was then tried on the same, 
samples, by adding one gram more of the respective samples 
of mud to each bottle aerated again, stoppering and incubat
ing for ten days at 80 degrees F. After ten days the quan
tity of dissolved oxygen remaining in each sample was tested 
again, and it was found that in every case a larger propor
tion of the oxygen was exhausted from the salt water than 
from the fresh. The odors of the various samples of water 
were noted after the first incubation and also after the second 
incubation, and in eve1·y case the salt water hacl the most 
offensive smell. 

The lesson from this series of ·experiments is plainly that. 
the polluted mud flat<; of the Charles and of the Fens are 
more likely to rob the water immediately over them of this 
dissolved oxygen, and rnore likely to give rise to offensive 
odors, if the basin is filled with sea water than if it is filled 
with upland water. 

The chemist also prepared a series of laboratory tests in 
glass tanks 18 inches deep for comparing the bacterial growths 
in sea water over polluted mud, and in fresh water over the 
same kind of polluted mud, all mud being taken from the 
bed of the Charles River. Some of these experiments were, 
continued four weeks, test samples for bacterial counting 
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being frequently taken. It was found that of the anaerobic 
growths, which are the ones which produce putrefaction, the 
greater number occurred in the sea-water tanks, both in the 
water and in the mud, and the greatest exhaustion of oxygen 
occurred in the sea water. 

My observations upon the deposition of sludge going on 
continually in the outlet of the new Stony Brook channel 
and an examination of the vast foul sludge banks now found 
in the salt Fens basin, and also observations upon some of 
the smaller sludge banks that now exist near certain of the 
sewage outlets along the salt Charles basin, prompted a 
request that the chemist investigate the effect of salt in the 
water upon throwing down any suspended pollution or tur
bidity to the bottom as a sludge. 

The results of these experiments are briefly reported on 
pages 286, 287 of Appendix No. 4, and are particularly 
well shown by the photographs of the samples compared. 

It was found that the presence of salt in the water had a 
strong influence as a precipitan.t of such matters as Charles 
River mud and sewage pollution ; and, while the effect of 
this precipitant would be to make the surface water of these 
large basins more clear, it at the same time concentrates the 
polluting particles i,1to sludge banks, which are less easily 
acted upon by those bacteria or other growths which pro
duce inoffensive, odorless decomposition, and in these con
centrated mud banks there must be more of a tendency to 
putrefy. 

In the present condition of the Fens basin and its sludge 
banks, with bubbles arising from them, may be found a most 
instructive example of the way that sea water acts upon pol
luted fresh water. 

The biologist also made some experiments on the effect 
of mixing the same proportion of sewage with upland wat~r 
and with salt harbor water. These are very briefly described 
on pages 341, 342 of Appendix No. 6. He found that 
'' under identical conditions, sewage int?'oduced in fresh 
water was less offensive than when introduced into water 
fi·om the Charles estuary 01· the harbor." 

The biologist admittedly approached this question of the 
fresh-water basin v. a salt or brackish water basin with some 
bias in favor of a basin containing a considerable percentage 
of salt water mixed with the fresh water, expectjng, from 
some of his previous experiments, that a brackish-water 
basin would support the maximum quantity of organic life, 
and that therefore its contents would absorb or devour a 
maxjmum pollution, or plant food, without the production 



80 CHARLES RIVER DAM. 

of offensive odors; but soon after beginning his studies he 
reported unsmrnounbtble obstacles to the success of this 
brackish-water plan. 

(a) That the sea water entering the harbor from off Bos
ton Light, being largely from the cold northern ocean cur
rent, was more nearly sterile than the warmer water of 
points south of Cape Cod, with which naturalists had made 
the inost observations and experiments ; and that therefore 
this water from Boston harbor would be less immediately 
available for absorbing the impurities and rendering them 
innocuous, through appropriate bacterial action. 

(b) That the varying rate of flow of upland water would 
make it well-nigh impossible to preserve the uniform degree 
of salinity necessary.for the most favorable growth and ac
tivity of organic life ; that, with violent changes of salinity, 
many of the beneficent low forms of life would be killed off. 

( c) That it was not practicable to secure such thorough 
mixture of the fresh u1)land water with the salt harbor water 
as to avoid differences of specific gravity which would pre
vent vertical circulation, and thus prevent water in the lower 
layers of the basin from coming into contact ·with the air, 
whereby their dissolved oxygen could be renewed. 

The biologist found his main field for demonstration in 
the Fens basin itself. In the contents of this basin, which 
are about three-quarters salt harbor water, he found that, 
notwithstanding the motion of circulation i:; more rapid than 
it would be in the proposed Charles basin, the salt-water 
layers remained beneath the freslHrnter layer; that vertical 
circulation and reaeration of the lower layers of the water 
were thereby cut off, and that these deeper layers were de
void of oxygen, and populated almost solely by the anaerobic 
or putrefactive bacteria, and would in warm weather con
tinually give off hydrogen sulphide and other foul-smelling 
gases (seep. 326, Appendix No. 6). 

The pathologist (p. 113, Appendix No. 1) reports that 
the malarial mosquito breeds most freely in fresh water, 
rarely in salt or brackish water, -which would appear an 
argument in favor of a salt-·water basin ; but, after carefully 
weighing the probable results of changing the Charles from 
a salt-water estuary to a fresh-water basin of constant level, 
and after making many bacterial tests of the quality of the 
harbor water, he concluded (p. 129) that "the int?·oduction 
of salt water from the harbo1· will not be neeclecl, and should 
only br, resei·ved as an ai·tificial 1·emedy for ext1·eme, urif01·e
seen conditions." 

As a result of these carefully formed expert opinions, and 
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from conference with other engineers who have had oppor
tunity for observing the effect of sewers discharging into 
salt water ; and from the reported fact that a marked differ
ence is noted in the odors arising from the man-holes of the 
Boston main drainage and metropolitan sewers to which some 
proportion of salt water has been admitted, in comparison 
with the man-holes of the common sewers that receive no salt 
water ; and from such investigations as I have been able to 
make upon the formation of the present ~ludge banks in the 
Charles basin and in the Fens ; and from the broad common
sense vie,v that any such varying percentage of salt as would 
of necessity follow the varying inflow of fresh upland water 
must interfere with the activities of organic life ; and that, 
of necessity, an imperfect mixture with different specific 
gravities at the top and bottom would bring defective ver
tical circulation, and therefore defective oxygenation, and 
that from this there would of necessity follow a tendency to 
putrefaction, with its offensive odors, - the conclusion has 
been 1-ec1clwcl as clear, beyond cloubt or question, that the fresh
wata basin n·ill be very much better·, wule1· the circumstances; 
ancl that by means of a 11w1·,qinal conduit ancl other means 
1n·oposecl fo1· lessenh1,q pollution, tlds watm· at Captain's 
I~land ancl othe1· jiitw·e points avanable for bathin,q ca.n be 
kept clemu:1· ancl 11w1·e wholesome than it is to-day, even on 
an incoming tide. 

As stated on p. 47, and also on p. 145, Appendix No. 2, 
it appears more hopeful to absorb, devour and render the 
entering pollution inoffensive by means of the activities of 
organic life, Yery much as manure or plant food is absorbed 
in the garden, than to salt this water, and thus precipitate, 
concentrate and defer the oxidation of the impurities. 

VI. ..1.Yecessity fo1· Lm·,qe Tidal Sluices. 

That these are unnecessary for preserving the sanitary 
condition of the water of the basin is practically settleq by 
the answer to the last question ; and proof that the storm 
flood sluices included in the present design are ample to pre
vent the basin from rising to a dangerous or inconvenient 
height, will be presented later. 

That there is no necessity for a tidal sluice as a means for 
preserving the tidal scour of the channels of the harbor is 
shown by the statements to be found in Appendices Nos. 
8, 9, 10 and 11. 

These large tidal sluices, if of the design presented on 
pp. 272, 273 of the evidence of 1902, would be subject 
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to rapid corrosion, possibly accelerated by electrolytic action 
under the influence of fresh or brackish water on one side 
and salt water on the other; and the expense of maintenance 
and renewal, as well as their great original cost, makes it 
desirable to omit them. 

It will be found that the sluices provided by the Joint 
Board of 1894, and also the storm sluiceways provided 
under the present plans, are ample to change the water in 
the basin, should it ever become necessary because of too 
luxuriant a growth of algre. 

VII. Present Uonctition of Fe1is Basin. -- Anrilng !J to 
Propo::;ed Oha1·les Basin. 

Appendix No. 3 is devoted to a study of the facts on 
which the answer to this question depends. On pp. 41, 42, 
there has already been given a brief summary of the results 
of the investigations col?cerning the present condition of the 
Fens basin. It was found foul and offensive, but the cause 
was plainly the continuous pollution of Stony Brook by 
brewery wash, dry-weather sewage and the overflow from 
the sewers flushed out in time of storm. A deep, wide
spread deposit of foul sewage sludge now covers nearly the 
whole bottom of the Fens basin, and has filled up 25 per 
cent. of its total volume, and the deposit is still g-0ing on. 

The recent distinctly offensive conditions began with the 
extension of the new Stony Brook conduit up stream in 
1897, in a way that brin,qs the continuous discltcii-ge of pol
luted fi·esh water of the b1·ook into the salt-water basin of 
the Fens. This precipitates much of the pollution in the 
form of a sludge on the bottom of the down-stream mile of 
this conduit, and within the Fens basin. 

The lighter fresh water mostly floats on top of the heavier 
salt water; the salt water remains at the bottom ; its dis
solved oxygen quickly becomes exhausted ; the beneficent 
aerobic bacteria cannot work in it ; the sludge is left to the 
action of the anaerobic bacteria, which produce putrefaction 
and lead to the evolution of foul-smelling gases. Such are 
the conditions that now prevail in the Fens. 

The Fens basin presents no true or reasonable parallel to 
the Charles basin as now proposed, because: -

1. Tl-te proportion of po11ution entering the Fens to the 
water contained therein is larger than that entering the 
Charles as a whole. 

2. The removal of a large part of this present pollution 
is proposed to be made a '' condition precedent" to the 
building of the dam. 
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3. It is not proposed to reproduce the salt-water condi
tions of the Fens in the future Charles basin. 

4. The aeration of the broad, exposed Charles basin, 
under the influence of the wind, would be much greater 
than that of the narro,v, sheltered Fens basin. 

The biologist, who was asked to give careful attention to 
the analogy between the Fens and the proposed Charles 
basin, reported '(p. 316, Appendix No. 6): "The Fens 
basin . . . afford8, in my opinion, no fair or proper stand
ard by which to judge the proposed Charles basin." And 
again, on p. 330, he states, in· substance, that the condi
tions in the r>r~posed basin will be so superior to those in 
the present Fens basin that little real similarity will exist. 

VIII. Quantity of Upland TVatei·. 

This is fully discussed in Appendix No. lG. ,v-e have 
no good reason to suppose that, under ordinary conditions, 
this will be very different from the estimates already made 
by Messrfi. Stearns, Blake and others, which were based on 
a8suming the flow per square mile of water-shed to be the 
same for the Charles as for the Sudbury ; but in summer 
droughts the flow will often be less than this, because of 
interference with natural flow by holding back the water in 
the large mill pond of the Boston Manufacturing Company 
at vValtham. 

It is found that the Charles is a river of .remarkably uni
form flow, and that the freshets on it are exceptionally 
slow, and small in extreme height, as compared with nearly 
all other New England streams. The rise comes slowly, is 
not high, and takes a long time in running past. 

IX. The PU1·ity of this Upland Wctter. 

This was carefully investigated by the chemist, and a 
series of analyses upon it will be found on pp. 242-248 
and 252-254 of Appendix No. 4. 

Many samples of this water were collected and analyzed 
during September, October and November, some of them 
at times of a moderate drought, when, because of the fac
tory wastes being nearly constant, the relative pollution is 
larger than at times of larger flow. 

An abundance of free dissolved oxyg,en was found in the 
water at all times, and this shows its large capacity to 
support the microscopic life, - bacteria, diatoms, alga: and 
minute crustaceans,_: through the life and activity of which 
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the polluting material is absorbed, rendered harmless, and 
made available as a food supply for plants and fishes. 

The proportion of organic matter shown by analysis in this 
upland water at nearly all times is no larger than found in 
some fairly satisfactory public water supplies ; but in times 
of drought the pollution and discoloration from the dye 
houses, and other factory wastes, is very noticeable, and 
there arc times of small tlow when no water is flowing over 
the factory dams in which the concentration of street dust 
and floating rubbish, skimmed off and concentrated in the 
pools immediately above the factory dams, give an unsightly 
appearance to small areas. Although the dye-house w0,oh 
water is sometimes alarming in appearance, the analyses 
show that the actual quantity of deleterious matter in it is 
very small. The high coloring matter becomes quickly 
diffused. 

There is a good opportunity at most of these factories to 
divert any really foul flow of wash water into the main 
metropolitan sewer, and the wash from wool-scouring at 
the factory at Bemis is reported to i:>e largely diverted into 
the sewer at present. 

Incubation tests were made on many samples of this up
land wn,tcr, by exposing the samples of ,rntcr, in large, 
stoppered bottles, to a temperature of 80 degrees F. for 
five days. Some samples reported on p. 270 of Appen
dix No. 4 were collected at a time when the flow of the 
river was exceptionally low (September 22, probable flow, 
about 35 cubie feet per second), at about the close of one of 
the dryest and warme:-;t periods of the present year. These 
tests showed that, although this water contained, at most, 
dissolved oxygen to only 30 per cent. of saturation, and in 
some cases much less, in only a very small proportion of 
these samples was there present sufficient impurity of an 
easily oxidized nature to exhaust the oxygen in this severe 
test. 

Bacterial examinations were made of many samples of 
this upland water (see pp. 281, 285, Appendix No. 4; also 
p. 123, Appendix No. 1). The number of bacteria per 
cubic centimeter of the water was found decidedly less than 
the average number of bacteria in the Merrimack water at 
Lawrence. 

The biologist also gave careful attention to the qu!J,lity 
of the upla~d water ( see Appendix No. 6, p. 335), and 
found this favorabfo for its remaining nearly stagnant in 
the proposed basin during long periods if need b<:\, and also 
found that the proportion and kinds of micro-organisms con-
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tained in it were favorable for the disposal of considerable 
quantities of pollution. 

The biologist reported orally that this upland water was 
nearly always found in excellent condition, and that the 
large volume of storage contained in the proposed basin 
would so dilute any relatively high discoloration or pollu
tion during summer droughts as to make it unnoticeable. 

The quality of this upland water was also investigated 
carefully by the sanitary engineer (see Appendix No. 5, 
pp. 308, 309). He finds that the considerable pollution re
ceived near the head of the stream in Franklin and Milford 
is nearly all absorbed, and disappears during its sluggish 
fl.ow through many miles of sparsely settled country; so 
that, when the river water reaches Newton Upper Falls, 
near the intakes of the Brookline and Newton water works, 
the water is clean and well suited for domestic use. At 
Newton Upper Falls a few small factories pollute it, and 
a slight increase of organic matter is found in the analy
sis of samples from near the intake of the vYaltham water 
works. Below the Waltham clam some more factory wastes 
enter. 

The chemist sums up the results of his analyses of this 
upland water by saying (p. 289) : "This water is low in 
color, practically odorless, and, with_ the exclusion of some 
of the wastes entering below Waltham, would be suitable 
for a public water supply, as far ,as organic matter is con
cerned ; " and that, with stagnation in summer in the pro
posed basin, the continual oxidation would cause the quality 
of this upland water to continually improve. 

X. Present Pollution of the Charles River Basin, and 
J.v.leans of lessening this. 

The obtaining of a reliable estimate of the quantity of 
polluting material was found to be the most complicated, 
puzzling and difficult of all of the subjects investigated ; 
and the importance of this matter to the whole plan was 
such as to forbid leaving the subject until the conclusions 
were established within reasonable limits beyond possibility 
of mistake. In Appendix No. 2 it has been sought to de
scribe, in the briefest intelligible form, the scope and meth
ods of the investigation and their results. 

The pollution is, beyond doubt, now greater than it was 
expected to be in 1894, after the completion of the north 
metropolitan sewer; mainly because of admitting the dry
weather fl.ow of Stony Brook directly to the Fens, and be-
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cause the sources of pollution in the Stony Brook valley 
have rapidly increased. 

The recent investigations have brought to light a serious 
cause of offonsive pollution in the flushing out of deposits 
and accumulations of filth from sewers by the rush of flood 
water in time of storm ; but the percentage of the total 
sewage which escapes in time of storm into the Charles 
basin and its tributaries through the sewer overflows is 
found to be only about half as great as seemed probable 
from the evidence presented at the public hearings of 1902 
( ~ per cent., instead of 7). 

After a very exhaustive examination into the conditions 
under which the sewer overflows discharge their surplus of 
mingled sewage, street wash, roof water and surface drain
age into ·the Charles and its tributaries in time of storm, it 
was concluded (see table inserted at p. 183, Appendix No. 
2; also p. 50, engineer's report) that, under present condi
tions, but allowing for the changes soon to be brought about 
by the completion of the high-level sewer, the amount of this 
sewage overflow will surely not exceed the ordinary constant 
sewage flow from a population of 10,000, and will perhaps 
be not more than half this. The most probable equivalent 
population is about 6,000 to 7,500. It is to be constantly 
borne in mind that the actual discharge is intermittent and 
not well diffused and therefore would be more difficult to 
deal with than the same quantity discharged at a constant 
rate; but, on the other hand, the diagrams at p. 188 of 
Appendix No. 2 show that this overflow discharge comes 
mainly in the cool months, before pleasure boating begins. 

The proposed marginal conduit at Binney Street will, in ordinary 
storms, divert about 18 per cent. of this pollution; and that on the Bos
ton side, if carried only to the Fens outlet, will, in moderate storms, 
divert about 50 per cent. more; and, after the marginal conduit has 
been extended to St. Mary's Street, perhaps 15 per cent. additional, 
in all moderate storms. 

After the new high-level sewer is put into use, the Charles River 
valley sewer will be no longer backed up from the Boston nmin sewer
age, and will have a surplus capacity for some years to come, s:we on 
comparatively rare occasions. Therefore; under the plans now pro
posed, the only pollution entering the basin will be the street wash, 
and the overflow from sewers in the west encl of Cambridge, the dis
charge from which will become less as the sepamte system is gradually 
extended. Jn severe storms, and for two or three hours at high tide, 
the marginal channel cannot carry all the oYertlow, and some dilute 
sewage will continue to be discharged into the basin; but at such times 
the uplttnd water available for dilution will also be increased. 

The probable exte11sion of the sepamte system in Boston will tend 
to lessen frequency of ornrflow, and rt greater rninfall will be required 
before oyertlow occurs. This gradual impro,•ement will offset any 
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increase due to increased population, and the improvement of the two 
Stony Drook channels and the removal of the sewage now entering 
them will lessen the chance of a nuisance at the outlets of the marginal 
conduits, just below the proposed clam. 

The means for lessening the present pollution are obvious 
and simple, and relief from a part of this pollution is already 
in sight, regardless of the proposed dam : -

( 1) Tlie pollution of the new chaunel of Stony Brook will be greatly 
lessened by the projected progress of this channel up stream 
during the next two years, and by the simultaneous construction 
of the large low-level sewer which is being built in combination 
with this Stony Brook conduit. This new sewer can at once take 
in the brewery waste and much sewage that now defiles the brook, 
and at the same time will provide for the probable future rapid 
increase of sewage in this region. 

(2) The new high-level sewer now under construction, and which will 
be completed two years hence, will greatly lessen the quantity 
of sewage overflowing. 

(3) A sewer will probably soon be constructed for the Beacon Street 
houses, so that they will no longer discharge their sewage di
rectly into the basin. 

( 4) A careful sanitary inspection should be made along the tributary 
streams, and the privy drainage and factory waste, gas works 
waste and oil in condensation water should be diverted into 
sewers. 

(5) 

(6) 

(7) 

The old Stony Brook conduit should be improved by diverting 
considerable sewage which now enters it into the sewers; and 
the present tumbledown structure, with its roughness and hol
lows, in which the sewage sludge finds lodgment, could be re
placed by a smooth, clean, modern structure, designed primarily 
for tlie interception and conveyance of storm drainage from the 
streets and catch-basins. 

The dry-weather flow of Stony Brook that now comes down through 
the commissioner's channel into the Fens should be diverted by 
a short piece of conduit into the old 7-foot by-pass channel, 
leading now into the Charles River, but in future into the pro
posed marginal conduit. 

This short and comparatively inexpensive piece of conduit should 
have been built five or six years ago, and would have prevented 
a large part of the recent defilement of the Fens basin. 

The sludge banks that have accumulated in the Fens should all be 
dredged out so as to give the original depth of 8 feet of water 
over all parts of the basin, excepting its steeply sloping banks. 

From the plan of soundings given in Appendix No. 3, it will be 
found that the present volume of sludge may amount to 70,000 
cubic yards ; but, since there is some uncertainty in these meas
urements as to the dividing line between sludge and the original 
mud bottom, I have conservatively estimated this quantity as 
not less than 50,000 cubic yards. 
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This dredging could probably be most cheaply done after the 
completion of the dam allll the opening of a broad passage way 
Letween the Fens basin and the Charles basin, through which 
seows could pass, since by this rne:1ns the twice handling of 
m:iterial could be avoided; or it would be possible to remove 
it now in substm1tinlly the s,1,me nmnner that was followed in 
the drellging- of 1895, by means of a, hydraulic dredge, from 
which it couhl be discharged into the 7-foot channel, and again 
interceptctl :tnt! redrct!ged from the bed of the Charles near the 
Fens outlet, or Jlu:;hctl llown through the marginal conduit and 
llrellged out below the thm. 

(8) There are three sludge banks in the Charles basin, each of com
paratiYely small arc:t, and probably in no case more than 2 or 3 
feet in :werage tlepth, from which it may be adl"isable to dredge 
the sluclge. These are located (1) near the outlet of the Binney 
Street sewer, (:l) near the outlet of the Fens basin, (3) at the 
st:1rch factory drain near the Brighton Abattoir. These can 
doubtless be cheaply removed while securing filling for the 
proposed marginal emb:.nkment, since the chemist·s analyses 
show that the percentage of org:.nic matter in the mud forming 
these banks i;; so small that thev can doubtless he utilized for 
tilling if deposited in a place where they will be deeply covered. 

XI. Amount of Pollution Aclmis.sible without Offence. 

The studies of the biologist, of the chemist and of the 
sanitary engineer were particularly directed to obtaining 
the fullest and most up-to-date information on this point 
that was possible in the time available. 

vVithin the past five or ten years there has been a great 
advance in exact scientific knowledge concerning the means 
by which, in nature, manme or pollution is made available 
for plant food; and, while we are doubtless as yet only at 
the beginning of knowledge in these matters, some of the 
limitations as to admissible pollution are becoming well 
understood, and the debatable ground is being continually 
narrowed. 

The biologist (Appendix No. 6, p. 3·16) says: "It appears 
to me highly probable that it" (the proposed Charles basin, 
containing 458;000,000 cubic feet of fresh water, of the 
quality now found above \Vatertown dam, refilled in hot 
weather at least once each one hundred days, and having a 
surface of 1.27 square miles favorably exposed to sun and 
wind) '' can assimilate the assumed amount of sewage" 
( equivalent to the continuous ordinary flow from 10,000 
persons), "together with the present, and probably the 
future, amount of street wash, without causing offence." 

The following are other quotations from the biologist's 
report bearing on this question : -

" Just as by experiment in :t balanced aquarium the muount of veg
etation necessary to balance an excess of plant food eould be added, ,so 
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in the proposed Charles River basin a growth of algre would soon 
become established sufiicient to care. for such polluting organic material 
as now comes over the ,vatertown dam or is likP.ly to enter with the 
street wash" (p. 340). 

And, as to danger from excessive growths of algie, which by their 
decay would produce malodorous or unsightly conditions, such as have 
happened not infrequently in certain storage reservoirs for water sup
ply, he states (p. 339) tha,t, with care given to lessening the pollution 
:mcl with conditions favorable to the life of organisms that browse<on 
the alg~e, trouble from this source appears extremely improbable, al
though remotely possible. 

",.Yhile it is true that pollution of water by nitrogenous substances 
directly promotes the growth of aquatic plants, these same plants do 
much to justify their existence by producing oxygen (and thus temling 
to check putrefaction) and by -assimilating the nitrified polluting mate
rial" (p. 331 )-

" Tt is probable that proper precautions may avoid the likelihood of 
an excessive growth of algte, which might, in dying, become offensive." 

The ehemist concludes, as the result of his season's 
work:-

"lt is exceedingly improbable, in view of the results of the exper
iments given, that all the wastes now entering the basin would, under 
any circumstances, rob the still fresh water in the proposed basin of 
its dissolved oxygen" (p. 290). 

An extreme outside estimate of the amount of pollution entering the 
proposed basin at the present time during the six dry, warm months, 
would not exceed in quantity that contained in the continuous flow 
of sewage from a population of 10,000 (p. 50, also Appendix No. 2, 
table following p. 183). Assuming the average per capita quantity of 
sewage of average composition is 100 gallons (for, although the quan
tities of liquid .found flowing in the sewers of the metropolitan district 
average more nearly 150 gallons (see Appendix No. 2, p. 171-174) a 
large part is ground water), and calling the population 10,000, it fol
lows that the equivalent of not more than 10,000 X 100 = 1,000,000 
gallons per day of ordinary sewage is discharged into the Charles basin 
under present conditions. The basin contains about 3,435,000,000 
gallons of water; therefore thirty days' run of the quantity of sewage 
estimated on this extreme hypothesis would amount to less than 1 per 
cent. of the contents of the basin. 

The marginal conduits will immediately lessen this quantity, the 
completion of the high-level sewer will lessen th~ frequency of over
flow along the Charles valley sewer, the extension of the separate 
system in Cambridge and Roxbury will diminish the volume of sewage 
entf!ring, and the charts at p. 188 of Appendix No. 2 show that the 
frequency and duration of overflow is much less in summer than for 
the yearly average. Therefore, plainly and surely the_ percentage of 
sewage in the basin will be smaller than this 1 per cent. found by the 
estimate of the preceding paragraph. 

In our chemist's tank experiments with various mixtures of sewage 
and fresh water it was found, with a deep stagnant tank exposed to 
sun and air, in very warm weather, that,, with from 4~ to 7 per cent. 
of sewage added, no characteristic sewage odor could be detected; the 
water was continuously of good appearance, and in the complete chem
ical analysis of samples each day, free dissolved oxygen was always 
found. 
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The chemist sums up.certain of these tests on p. 277, saying, in effect: 
The mixtures have been made to cont:iin vastly greater proportions 
of sewage than could occur in the proposed basin, and illustrate : -

First, it state of equilibrium in water containing considerable sewag:e, 
if oxygen is present. 

Second, that water containing as much nitrogenous matter in a state 
of change as is found with 4~ to 7 per cent. of sewage added to clean 
river water, retains its oxygen and does not give off odors. 

Third, t)rnt 4~ to 7 per cent. of sewage can be added to fairly clean 
river w:iter without exhausting its oxygen, if the addition is gradual. 

Fourth, that bacterial action occurs as readily in still as in moving 
water, if oxygen is present. 

The sanitary engineer, in Appendix No. 5, reports the 
most instructive series of observations for defining the 
limits of pollution admissible without offence. These 
form a valuable extension to the observations made by 
F. P. Stearns for the report of the State Board of Health 
in 1890, and reported on pp. 785-793 of the special water 
supplJ. volume of that year. This brief report of Mr. Stearns, 
rearranged and paraphrased in ,·arious forms, appears to have 
furnished most of the data for certain of the American author
ities in their statements as to the permissible limits of stream 
pollution. It had the great advantage of being founded upon 
field observations, concerning the offence, or lack of offence, 
produced on the senses of sight and smell along a few Mas
sachusetts streams by the discharge into the stream of the 
sewage from a known population. In order to present the 
data in convenient form for comparison with other streams, 
Mr. Stearns supplemented these observed facts by a brief 
study of the chemical composition of ordinary sewage and 
of the water supply that became sewage by the addition of 
pollution, and also added an estimate of the flow of each of 
these streams. 

From scantiness of data, Mr. Stearns was compelled to 
leave the subject in incomplete form in 1890; but he pru
dently set his limits of the ratio of population to stream 
flow that was almost sure to give trouble and of the pro
portion almost sure to be inoffensive, wide apart. Mr. 
Steams found that, when the stream flow averaged less 
than 2.5 cubic feet per second per 1,000 persons whose 
sewage was received, oJ:fensive conditions were highly prob
able ; and also found that with more than 7 cubic feet per 
second of stream flow per 1,000 persons there was almost 
certain to be no offensfre odor or offensirn appearance 
produced. 

Some authorities have attempted to formulate these matters in terms 
of number of dilutions required. but, because of the daily gallons of 
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sewage per capita varying, somewhat like the per capita water supply 
of different communities, while the per capita quantity of excreta and 
waste of all kinds is fairly constant, the Stearns formula of cubic feet of 
stream flow required per 1,000 of population is a much safer guide than 
a specified number of dilutions. 

If we call the Boston sewage 100 gallons per inlrnbitant per day, or 
pretty nearly the same as the water supply, omitting the ground water, 
this lowest limit of 2.5 cubic feet per second per 1,000 population 
corresponds to diluting 1 volume of this sewage by 16 volumes of fresh 
water; and the highest limit of 8 cubic feet per second per 1,000 pop
ulation corresponds to diluting 1 volume of this sewage by 52 volumes 
of fresh water. 

If, as a standard, we take the more common rate of sewage flow as 
75 g:illons per capita, the corresponding dilutions are 21 and 70. The 
Ste:1rns data, thus expressed, say that, with only 16 to 20 dilutions, 
there is almost sure to be offence; while with 52 to 70 dilutions it is 
almost certain that no offensive conditions will arise. 

Samuel Rideal of London, Eng., in his recent treatise on 
the" Sewage and the Bacterial Purification of Sewage," 1901 
(pp. 14-18), speaks of the well-established fact that "the 
bacteria, always naturally abundant in river water, are able, 
by the aid of the oxygen dissolved from the air, to oxidize 
more or less rapidly any ammonia or organi9 matter that 
may be present," and bases his conclusions upon the effi
ciency of this treatment almost wholly on the sufficiency of 
the free oxygen present. 

"He quotes Dupre as stating that, "on the average, a dilution of 
sewage by 30 volumes of thoroughly aerated river water prevents it 
from fouling and ultimately purifies it." Since the ordinary European 

. sewage amot\nts to only about 40 gallons per capita, this would corre-
spond to only about 15 volumes of the less concentrated American 
sewage, and he quotes his own (Rideal's) experience that "even a 
less proportion has been effectual." He also cites the River Exe below 
Exeter, Eng., as having a volume of river flow 40 times the ,olume of 
the sewage discharged into it, and states that no chemic:11 evidence of 
pollution was obtainable a few miles below. This, for American se1,vage, 
at 75 g:1llons, would correspond to about 20 dilutions. 

Mr. Goodnough's recent work followed the Stearns method, 
but covered the examination of a very much larger number 
of streams and included some ponds. The effect of this 
broader information was to fully confirm the safety of the 
rules ln,id down by Stearns, but it narrowed the doubtful 
ground by raising the limit below which the dilution will 
probably cause offence from 2.5 to 3.5 cubic feet per second 
per 1,000 persons, and lowered the upper limit from 7 or 8 
to 6 ; for Mr. Goodnough found that, '' where tlte degree of 
clilitti"on exceeds 6 cubic feet per second per 1,000 pe1·sons, 
-objectionable conditions have not been p1·oduced.'' 
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The flow of the Charles in all ordinary seasons is much 
more than sufficient to give this degree of dilution of 6 
cubic feet per second per 1,000 persons, and in extreme 
drought the large volume of upland water in storage will be 
far more than sufficient to keep the proportion of sewage far 
below this limit. 

The table on p. 312 of .Appendix No. 5 is very instruc
tive, and shows that in :Massachusetts 14 streams have been 
ob;;erved in which the entering sewage becomes less diluted 
than the present average sewage inflow to the proposed basin 
would be without marginal conduits, with no offensive con
dition produced save in a single case, where one of the larg
est woolen mills in New England adds wool-scouring liquor 
to the ordinary sewage of the population. 

In other words, out of 36 Jl!lassaclrnsetts streams repo1·ted 
upon by the sanitw·y enginee1·, 13 1·eceive ancl digest without 
offence a let1·,qe1· pe1·centa.c;e of seica9e titan it appew·s that the 
proposed Charles basin coulcl possibly 1·ecei1;e from seiwge, 
street wash and all othe1· sources that can be foreseen. 

XII. Remedies for the Unavoidable Pollution. 

The best remedy is that provided by nature, and found in 
almost every natural pond and flowing river, the effects of 
which natural remedy have long been in part recognized but 
not understood with any degree of clearness until within the 
past ten or twenty years. This process is substantially tlie 
same as that by which the manure applied to 'the lawn or 
garden is made inoffensive, and is the same process on which 
the most efficient modern methods of purification of sewage 
and purification of water supply are based. 

This process begins with bacterial action. These low 
forms of life, of which from a thousand to fifty thousand 
individuals are found in each teaspoonful of the water of 
the upland Charles (see p. 123, Appendix ·No. 1, and p. 
281, Appendix No. 4), seize on this pollution as their 
natural nourishment, or, speaking as a chemist, they ox
idize it, nitrify it, break it up chemically and transform it 
into new compounds of different chemical composition, 
which arc directly available for plant food ; and on these 
secondary compounds the algre, microscopic plants and 
plants of larger growth find their nourishment;· these in 
turn give food to multitudes of microscopic organisms, 
crustaceans and others, barely visible to the naked eye, 
which in turn become food for larger organisms and minute 
fishes; these plant growths are also browsed upon by the 
vegetarian fishes, which in turn furnish food for the larger 
carnivorous fishes. 
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All of the examinations and tests by the chemist, biolo_gist 
ancl sanita1·y engineei· ctppea1· to p1·ove beyond any reaso11able 
doubt that the amount of the unavoidable pollution will be no 
g1·eate1· than can be 1·eadily abs01·becl and utilized in these 
p1·ocesses of natu1'e, and wit.lwut causing any unsanita1·y or 
offensive conditions. 

The question of offensive conditions being produced where 
the marginal conduits discharge below Craigie bridge has 
given me some concern, and should receive farther study in 
the final design ; but I have come to believe that by the 
exercise of care and forethought much of the worst of the 
pollution from the flushing out of sewers in storms could be 
held in these conduits until the storm was over, and flushed 
back into sewers. The water flowing ordinarily in the con
duits will have its pollution thoroughly diluted and diffused, 
and at the worst I do not see how any condition ·can be 
produced below the dam worse than has been tolerated for 
some years past in the Fens. The spillways and sluices 
have purposely been placed close to the outlet of the mar
ginal conduits, so that the full flow of the upland Charles 
River may aid in the dilution and flushing. 

XIII. .1l£eans of cfrculatin,q Water in the Fens Basin and 
Oamb1'idge Canals. 

No definite recommendation as to the means by which this 
circulation could best be accomplished was made in the re
port of the Joint Board of 1894. The fact that the Fens 
was not then in such a bad condition as that which devel
oped later, and that the polluted dry-weather flow of Ston31 
Brook was not at that time constantly admitted to the Fens 
basin, permitted this question of pollution to escape such 
close attention as now. 

One possible method of excluding the foul dry-weather flow of Stony 
Brook from the .Fens would be by a comparatively inexpensive arrange
ment for controlling its fall into a large branch of the main drainage 
sewer which passes beneath the new Stony Brook conduit, not far from 
its outlet. ,vhile this might serve as a temporary expedient, there are 
very evident objections to it as a permanent remedy, both on account 
of adding a new burden to the main sewer system, which is rapidly 
becoming overloaded, and itlso because of the expense of pumping this 
extra burden of water at the Calf Pasture pumping station, on its way 
to the reserYoirs and outfall at Moon Island. 

For producing a circulation of water through the Fens 
and thus diffusing the pollution brought in, Mr. Percy 
Blake ( evidence, p. 207) proposed a special pumping sta
tion, and estimated its cost roughly at $50,000, and that 
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the annual expense for maintenance would be about $G,000. 
This maintenance charge, capitalized at 4 per cent., would 
amount to $150,000, which, added to the $50,000 of first 
cost, would have made the capita,lized total cost of circulat
ing the water in the Fens basin by this method $200,000. 

The marginal conduit with one or two inflow weirs located 
near Stony Brnok and Muddy River inflow will obviously 
accomplish this purpose more perfectly and more cheaply, 
because, instead of merely diluting and diffusing the pollu
tion, it immediately removes it from the Fens and from the 
Charles. The primary purpose of the marginal conduit is 
to remove sewage overflow and street wash ; but this extra 
service of providing circulation will add only a very small 
amount to its cost, and avoids the o~jectionable power plant 
and pumps in the park. There will be an abundance of 
water for supplying this overflow, even in extreme drought; 
but if, through leakage or lockage or evaporation, during 
the most extreme drought the inflow from the Charles and 
Stony Brook should fail to maintain a surplus, a small 
volume of sea water could be carefully admitted through the 
deep sluice to the deep lower encl of basin without its gen
eral diffusion, and without injury to the organic life of the 
basin, and be siphoned out again readily through the same 
deep sluiees as soon as there was a surplus flow of upland 
water. 

For providing circulation and diffusion of the foul water 
of the Broad and Lechmcre canals, no remedy was proposed_ 
at the hearings of 1894 or those of 1902. To do this by 
means of pumps would require a large expense in plant and 
maintenance, and without some means of circulation they 
would surely become intolerably foul. This circulation 
and removal of the foul water can, I believe, be satisfac
torily performed by means of the inflow weirs and their 
connection to the marginal conduit, as estimated in Ap
pendix No. 19, and described also on p. 59, engineer's 
report. 

XIV. Lessening Pollution of Basin by e."dencling the Sep
amte System, of Sewerage. 

Newton, ,,ratertown, ,valtham and some parts of Brook
line are sewered on the separate system, so called, under 
which systeni, if complete along all parts of the trunk sewer, 
there would be no overflow of sewage into the Charles basin 
in time of storm. 

A careful investigation was made of the feasibility and 
cost of extending this method, and it was found that the 
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cost of carrymg it out in such completeness .as to render the 
marginal conduits unnecessary was excessive; moreover, 
many years would be required to complete a work of this 
magnitude. 

The work of separating the storm water from the sewage 
in Cambridge was begun about two years ago, mainly for 
the purpose of relieving sewers that had become• outgrown 
and to prevent flooding back into cellars, etc., during heavy 
storms that occur at high tide; and considerable progress 
has already been made on the construction, but mainly in 
the large trunk lines. Comparatively few of the Cambridge 
house conncc:tions have yet been changed. 

It is expected that this work will go on in Cambridge, 
from year to year, at such moderate rate as can be conven
iently included in the annual tax levy, regardless of con
struction of the proposed Charles River dam ; but if the 
clam is built, it will naturally not be pushed ahead so 
rapidly, and some parts may be indefinitely postponed and 
much expense to the city thereby saved, for the motive for 
avoiding sewer overflow in heavy storms at high tide will 
have then disappeared. 

In compliance with our request, through the mayor of 
Cambridge, :Mr. Hastings kindly made designs and estimates 
for completing this separation throughout all that portion of 
Cambridge tributary to the Charles River, and found that it 
would require about 76 miles of drains·and sewers, for which 
the cost was estimated as follows : -

For work on the sewers and clrains, . . . . . . . . $787,763 
New house connections so arranged as to separate the storm water 

from the sewage water, roughly estimated at $100 per house,. 1,12:l.200 

Total, . $1,890,983 

A supplementary estimate showed that the cost of this separation for 
all of the Carnbridg~ territory tributary to the Charles, after excluding 
that tributary to the Binney Street main sewer, whose o{-erflow it is 
proposed to divert into a marginal conduit, was as follows: -

This was found to require about 48 miles of sewers and drains, the 
cost of which was estimated at . . . . . . . . . $507,925 

The number of houses in this district is 6,033, for which, at the price 
of $100 each, assumed above (probably excessive for this class of 
house), the cost of separating roof water from sewage in the house 
connections would be 603,300 

Total cost of making the change throughout the Cambridge dis-
trict, excepting that tributary to Binney Street, . . . . $1,111,225 

It is of interest to note that, at the cost assumecl for changing house 
connections, this secondary branch of the work costs more than the 
sewers and drains themselves, and, coming clirect-ly on the house owner, 
will naturally impede this branch of the work. 
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The city engineer of Boston, at our request, detailed one 
of his assistant engineers to make careful studies of the cost 
of separating the s';:;wage from the storm water on the Boston 
side of the river in the territory tributary to the Charles. 
These estimates are reported with considerable detail in 
Appendix No. 15. 

The cost for that portion of the territory lying mainly westward of 
Stony Brook and the Fens was estimated at . . . . . . $2,701,000 

For the territory lying mainly to the east of the Fens and Stony 
Brook, the overflow of which can be nearly all diverted into the 
proposed marginal conduit, the cost would be 2,004,000 

It was found that, for an entire district tributary to the Charles, the 
total cost, including both the work in the street a1H.l the changing 
of the house connections, would amount to . . . . . . $4,705,000 

Adding to this the cost of the complete separation for Cambridge, 
it appears that the cost of separation for both sides of the basin 
would amount to about . $6,596,000 

This amonnt is so enormously in excess of that required 
to lessen the pollution of the basin by means of the marginal 
conduits, which conduits also remove much of the street 
wash, that further consideration of this separation of sew
age from storm water as a condition precedent to the con
struction of the dam may be dismissed. Y ct without doubt 
this work of separation will gradually progress, from entirely 
independent reasons; and, as it will naturally be spread 
over a long period of time, it will obviously be best to first 
carry out those portions of the "·ork which lie in the terri
tory up strea,m from where sewage overflow will be dis
charged into the proposed marginal conduits, particularly in 
that part of Cambridge which lies up stream from the Cap
tain's Island playground and bathing beach. 

XV. Ejfect of 8tar;nation 11pon Odo1·, Appearance and 
Character of }Valer. 

The words a basin of '' sta~tnant water" have been used 
by some of the opponents in :1. way that appeals to popular 
prejudice and not to modern science. ".Llioclern science has 
reversed the tenet of tkh-ty yew·s ar/o, and now imhesitatin.qly 
affirms that it i·s quiet wate1· rather than runni·ng water that 
pm·ifies itself." * 

Stagnation of itself does no particular harm, and still water is not 
of necessity unsanittiry. The ponds on Boston Common and Public 
Gardens are but stagnant pools. EYery reservoir from which Boston, 
Cambridge, Lynn and "Tinchester draw their water supplies for drink
ing ,ind other domes Lie purposes is ,i • • stagnant" pond, and the great 

* From p. li of Pittsburg report by Sed;ndck; same report cited by Dr. H.J. Barnes, 
evidence, p. 300, hut a little farther along, not supporting his view and not quoted. 

l 

~ 
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artificial lake of the metropolitan water supply will be much more 
nearly stagnant than the proposed Charles River basin. 

The balanced aquarium is maint,,ined with strtgnant water. 
The main advantage possessed by running water is that the constant 

delivery insures a constant mixture and completeness of diffusion not 
atk,ined when pollution is discharged into a pond (,md the one difficulty 
to luwe been feared, if it had been proposed to get along without the 
margilrnl conduits, would have been lack of quick diffusion). 

The popular idea as to the superiority of running water 
as a means of disposing of pollution comes mainly from the 
fact that by its motion it takes the pollution away and out 
of sight of the persons or the community that produced it, 
and they seldom follow down to see what really becomes of 
it; but, in addition to this, there is even in a slow-moving 
stream a circulation of the deeper water to the surface which 
aids in oxygenation to a degree not found in a deep pond, 
where difference of temperature impedes vertical circulation. 
The wind-swept surface of the Charles gives ample oppor
tunity for oxygenation. 

The popular idea of stagnation attaches more particularly to a pool 
that is so shallow as to give favorable rooting to vegetation on its 
bottom, and is at the same time, because of being so shallow, made 
more warm by the heat of the sun than this deep basin can ever be
come; a pool filled with algre, or with shallow, sedgy banks, in which 
mosquito larvre may find shelter, like those described on p. 113 of 
Appendix No. 1. This is something utterly different from the pro
posed basin, with it.s deep water, wind-swept surface and clean-walled 
shores. 

The pathologist found no reason for expecting malaria 
around a large, quiet pond, with clean banks such as are 
proposed for this basin. 

One of the best available items of proof on this question 
of stagnation is to be found in a study of the Mystic lakes, 
particularly the upper lake, until recently used for a part of 
Boston's public water supply. 

During nearly ten years' residence at ,vinchester I was familiar with 
this, and familiar with the pollution of the stream that entered it and 
with the marvellous way in which the forces of nature appeared to 
dispose of this pollution, and this experience has strengthened my 
confidence in the answer to this question. The chemist refers to this 
experience with M.ystic Lake on pp. 287,289,290 of Appendix No. 4. 

The chemist (Appendi.-x: No. 4, p. 275) made a few lab
oratory experiments having a bearing on this question of 
the effect of a gentle motion in the water upon its capacity 
to-dispose of pollution, from which he concluded that "puri
fication by bacterial action occurs as readily in still as in 
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moving water, if oxygen is present," and on p. 291, in 
summing up his conclusions, he reiterates this statement 
in opposition to the popular idea that running water puri
fies iti,elf more quickly than still water. 

The most reliable information on this subject for our 
present purpo::;cs is that derived from natural ponds in com
pari:,;on with rivers, into both of which known proportions 
of sewage arc discharged; and therefore Mr. Goodnough's 
collection of new data is particularly valuable at this time. 

His conclusion (p. 311, Appendix No. 5), from the ex
perience with the pond:, at Easthampton, Attleborough and 
elsewhere, is that sewage disolw1·,qed i·nto a pnnrl or sl01c
movin,q sl1'eam, suclt as tlte proposed Gltarles Rive1· basin, 
ltas a less noticeable eJfect titan an eq1.tal volume of sewage 
ltas upon a rapidly moving stream of equal volwne. 

Ob:,;ervation of natural ponds and artificial storage reser
voirs has shown that sedimentation and the bleaching effect 
of the sun have a noteworthy influence in the purification 
of quiet or stagnant water, in addition to the effects of bac
terial decomposition. 

XVI. EJfect of tltis nearly 8t.aynan.t Freslt J,Vater on 
Public Ilealtlt. -J.1fala1·ia. 

This question ha:, been largely answered in the preceding 
pages. Appendix No. 1 is mainly devoted to its discussion 
in much detail, and, a:, already stated at p. 4 7, it appears to 
be demonstrated that there is no danger whatever of intro
ducing conditions favorable to malaria because of the stag
nation of water in the proposed basin. 

On the contrary, it appears that by the shore line improve
ments which become more easily practicable and within eco
nomk reach, when the ba:,;in is held at a constant level and 
with the margins of the river sloping and drained so that 
the present small. shallow portions in whieh mo:,;quitoes now 
breed will no longer exist, with the pollution of the basin 
lcs:,;cned and with no foul mud flats exposed at low tide as 
now, thel'e will be a cli8t.inct gain to comfo1·t a.ncl ltealtlt in 
the nei!fld1odwod of the riue1·, that will come directly from 
the building of the dam and stopping the present tidal ebb 
and flow. 

Althongh it is yet unproved that the foul smells of the 
Fens ba:,;in or tho:,;e from the mud fiat:, of the Charles at low 
tide arc producers of di:,;case, they are distinetly unsanitary, 
by n•a:,011 of tending to lower the vital resistance, and make 
life less cheerful and comfortable. 

l 
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XVII. Effect of cutting ojf Tidal Prism upon Shoaling of 
Fla1·bor. 

This matter is fully discussed in Appendices 8, 9, 10 and 
11. The estimate of slwalin,q given by the maps presented at 
the end of the volume of evidence before the Ha1·bo1· Commis
sioners in 1894, and also discussed in 1.Wassachusetts Senate 
Document .No. 303, 1895, appean to be of very doubtful 
accumcy, because of laclc of completeness and p1·ecision in the 
su1·veys co1npa1·ed, particulw·ly for the main portion of the 
harbo1·, after excluding the portions immediately adjacent to 
the outlets of the Charles and the Mystic rivers. Compar
ing the survey of 1835 (the best survey of all) with the 
survey of 1861, the survey of 1861 shows a deepening in the 
same areas where a comparison of the surveys of 1861 and 
1892 shows a shoaling. 

Since it has often been said that the records show that a shoaling has 
occurred in the harbor, it is perhaps necessary to briefly refer to those 
records at this time. 

Under chapter 74 of the Resolves of the Legislature of 1895, the 
Massachusetts Harbor and Laud Commission was directed to report 
"\\'hat shoalings have taken place in Boston lrnrbor since 1860," the 
extent and nature of the deposits, the extent of dredging by federal, 
State or municipal government, whether to deepen the natural channel 
or to remove deposits. 

They reported in Senate Document No. 303, 1895. Their engineer, 
F. ,v. Hodgdon, found by a comparison of the surveys of 1861 and 
1892 that there had apparently been a very large and noteworthy 
shoaling immediately down stream from the Charlestown bridges, and 
also a large shoaling down stream from the mouth of the Mystic River 
and Chelsea Creek. 

In the main portion of the upper harbor he found but little shoaling, 
and found a large deepening in the brmtd areas lying down stream 
from Anchorage Shoal, which is not far from a line joining the Simp
son dry clock with the most southerly of the walls on the Common
wealth's South Boston flats. 

The two sources relied upon in the Harbor Commissioners' report 
of 1895 for exhibiting this sho~tling were the Boschke survey of 1861 
and the United States Coast Survey Soundings of 1892, under Lieut. 
,v. F. Low. Translating Mr. llodgdon's estimates given in cubic 
yanls on p. 4 of that report, into change of clepth in feet, I find that 
from the mouth of Chelsea Creek and Mystic River to the line joining 
the point of the Navy Yard and the Atlantic ·works, on an area of about 
130 acres, the apparent shoaling averages 1.4 feet. while on the area 
of about 26 acres, between the lowest Charlestown bridge and a line 
joining the Boston slip of the Chelsea Ferry and the point of the Navy 
Yard, the apparent shoaling averages 2 .7 feet; but on the larger area 
of the main upper harbor, comprising the 156 acres between the Navy 
Yiml and Anchorage Shoal, the average shoaling shown during this 
period was only 0.8 foot. 

On the other hand, on the much larger area of 1,130 acres lying 
between the Anchorage Shoal and Castle Island, a comparison of these 
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maps of 1861 and 1802 indicates au average deepening of 0.3 foot 
during this period ; and the net result in difference of depths shown by 
these two maps when :weraged for the entire area of 1,500 acres, gives 
an :wemge 1leepcning of only about ¼ inch. 

On comparing the soundings of 1835 with those of 1861, still other 
differences itre found, but very curiously many of the areas tlutt appitr
ently shoitled between 1861 mid 1802 appear to have deepened between 
the years 1835 and 1861. Curiously, the map of 1835 appears to pre
sent the most complete :mcl .precise survey of the upper harbor that has 
ever yet been made. I have taken pains itlso to inspect copies of the 
complete sheets of the surveys of 1861 and 1002, and on each the 
soundings :werage scarcely 100 fret apart, and the depths on cross 
ranges :igrec so well that the 1liscrepancics between one map and 
aJ1othcr :ire hard to expbin . 

. As is stated 1:tter, there is some small uncert.iinty :,bout the real 
elevnt.ion of the d:itum phtne to which these soumlings are referred, and 
a strong probability that the whole bed of the h:trbor is slowly lower
ing, from geological c:mses, at the rate of about an inch in 8 or 10 
years, or about one foot in 100 years; but the m:tin reason for the 
discrepancy between the ancient itnd modern soundings within the main 
lmrbor itppe:trs to be the lack of precision in the me:tsurements. On 
the Boschke m:tp many depths are figured to fractions of a foot from 
the tide reduction where I find original notes show the record taken in 
fathoms :tnd whole feet. 

The reasons why shoaling of the harbor may not be ex
pected to follow a lessening of the tidal flow, that ·were 
advanced by :Mr. F. P. Stearns, on pp. 20, 21 of the report 
of the Joint Board of 1894, and in his evidenc.e before the 
Harbor Commissioners, appear to be fully sustained by our 
additional information : -

(a) That the currents are already too feeble to produce 
scour or to prevent shoaling. 

(b) That there is no adequate source of material to pro
duce shoal,; in the inner harbor. 

The result:-; of our recent investigations may be summa
rized as follows : -

(1) Notwithstanding that the area of tidal ,vater abont 
Boston inner harbor has been reduced during the past cen
tury by an amount very much grea,ter than the present area 
of the Charle,; estuary, and that a volume has been cut off 
from the tidal prism of the Charles, by the filling in of the 
Back Bay lands and the Cambridge embankments, about as 
large as that which it is now proposed to cut off, no note
worthy shoaling of the harbor has followed. 

(2) Good reasons appear for believing that the apparent 
shoaling indicated by a comparison of the old surveys with 
the latest ::mrveys was mainly due to lack of precision of one 
or another of the soundings compared, and perhaps in small 
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part due to discrepancies in the elevation of the bench marks 
to which these soundings were referred. 

( 3) The small depth of the deposit of silt now found on 
top of the hard blue clay which formed the original bed of 
the harbor, so far as yet investigated, proves, irrespective of 
all soundings and surveys, that there has been no important 
shoaling of the harbor. 

( 4) The Board of Commissioners on Boston Harbor, of 
forty years ago, made surveys and current measurements, 
which, although good according to the standards of those 
days, are incomplete and imperfect ·when judged by the 
standards of to-day, and, their theories were necessarily for
mulated in ignorance of the geological principles that have 
heen learned in more recent years ; and, while at that time 
it was natural to attribute the formation of the harbor chan
nels to tidal scour, the recent researches of geologists have 
shown other far more probable causes for a case like this, 
and it now appears certain that Boston harbor is mainly a 
submerged valley, eroded many thousands of years ago, soon 
after the glacial times, when the rivers were larger than now 
and the land higher than now relatively to the sea, and that 
this valley was afterwards partially submerged by a slow 
subsidence of this whole Massachusetts coastal region, which 
subsidence is probably still in progress. 

These matters of the geological history of the harbor are 
thoroughly discussed in Appendix No. 7. 

( 5) The velocities of the harbor current<;; at and near the 
bottom are found by our recent measurements to be too 
slow to produce scour and too slow to prevent the deposi
tion of any sand or silt that might be suspended in the 
water ; therefore, a further lessening of these currents can 
work no harm. 

These bottom velocities found now in Boston harbor are 
smaller than those under which certain deposits of fine sand 
take place in the Lawrence canal, and much smaller than 
those found necessary for producing scour. In other words, 
silt would now be continually deposited in Boston harbor, 
and the deposit would have been going on steadily for many 
years past, if there had been any considerable quantity of 
silt in the water. 

(6) The assumptions of the Board of Harbor Commis
sioners, forty years ago, concerning the velocities necessary 
to produce scour, were very erroneous, and were based 
largely on some imperfect experiments made by the French 
engineer, Dubuat, more than a hundred years ago, which 
data has unfortunately long posed as authority in sundry 
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text books, without having been traced back to its original 
source, as is now briefly done by Mr. Hiram F. Mills, in 
.Appendix No. 9. 

(7) The enlarged channels of the Boston harbor of to-day, 
and of the future, arc, and must be, essentially artificial 
channels, created and maintained by the dredging machine; 
and by this very enb,rgement they would be taken beyond 
the power of the natural tidal scour to preserve them, sup
posing this tidal scour to have been their cause. This 
matter is made plain in Appendix Xo. 8. 

XVIII. Ejfect of Dam on Ncwi_qat·ion and Goin11w1·ce in 
G!tct?·les River Ba:sin, Gambriclge Canals ancl Uppe1· 
I-Iarbo1·. 

This has akeady been briefly discussed on pp. 64, 65, and 
the opinion expressed that the gain from a constant level 
at grade 8, ·with freedom to move vessels in and out at all 
times, would more than offset any loss caused by the future 
height being less than that which is now obtained at the 
peak of the tide. 

The folding diagram sho,ving the present ticbl fluctuations, inserted 
at p. 68, presents the main features of the change in level which affect 
navigation so plainly that little discussion of this is needed, and an 
inspection of the photographs opposite p. 67 indicates how great the 
improvement ,irising from constant level will be. 

It is proposed that the level of the future basin should be at least 
grade 8, Boston base, and it is proposed to raise this permanently as 
nearly to grade 9 as future observiitions upon ground water and the 
improvement of the margins shall show to be feasible. 

There are now periods of nea,p tide when for nearly a week at a time 
the basin level rises but little if any higher than it will constantly be 
after the proposed dam is built; and with the dredging ,md deepening 
of canal provided for in the estimate of cost, ,tnd with the recent change 
in design of lock by which a depth of 18 feet below mean low water is 
to be secured, boats larger than have ever yet been occupied in the 
commerce along the present wharves :tronnd this basin can enter at 
any hour and proceed directly to their berths, aml luwe far greater 
facilities and safety tlutn they have ever yet enjoyed. 

For filling the lock, passages of snch ample si,rn have been designed 
that it need not take more than eight or ten minntes to fill or empt_y it 
under extreme comlitions of low w,iter, and it will t,ike much less time 
than this when the harbor is at above half tide. ,vinch heads worked 
by electric motors could airl in the quick entrance or exit of the boat. 
The m,iin lock grttes can be moved very r,ipitlly, aml the conditions :ire 
partieularly fayornlJle for making this one of the most rnpid-working 
loeks that can anywhere be fou11d. Its location permits the combina
tion of its power p.lant :tntl operating crew with that which will be 
necessary for the operation of :i rlrawbriclge. 
. The one interference with n:wigation that may be strongly urged is 
the long period which ice will ell(lurc on this botly of quiet, fresh 
water, in eomparison with the endurance of ice on the present fluc
tuating, salt-water basin. 



REPORT OF THE CIDEF ENGLVEER. 103 

It must not be forgotten that the navigation of the basin 
is now sometimes closed for more than a week at a time 
because of ice. The statement presented in the evidence 
that vessels now enter the basin every month in the year 
may give a wrong impression to one who has not been 
familiar with this basin for years. 

It appears feasible to keep channels broken through the 
ice in the future basin by means of a tug boat of special 
design, maintained as a part of the necessary outfit of the 
basin, through which channel the wharves can be made 
nearly as free to navigation as heretofore ; and in the design 
now presented, provision has been made for running out 
a greater or less amount of the broken ice into the tidal 
water, by means similar to those used on some of the large 
water power canals in New England which are maintained 
open and free from ice throughout the year. 

The estimate in evidence of 1902, p. 409, that the change 
from salt to fresh water would cause a vessel to sink 5 
inches deeper, is based upon slightly erroneous data, for it 
assumes the basin is now filled with sea water at a specific 
gravity of 1.028, whereas the present basin contains, in the 
region frequented by navigation, about 10 per cent. of fresh 
water, thus making the loss of depth of flotation 10 per cent. 
less, or in all about 0.38 foot for a vessel of 15 feet draµght. 
This objection can be easily met by the amount of dredg
ing provided for and by the deeper lock. 

XIX. Storm Flood Levels in Proposed Basin. 

This matter was carefully investigated by the engineers 
of the Joint Board of 1894. On p. 16 of their engineers' 
report it is stated that: "Taking 6,000 cubic feet per 
second as the amount of water which would flow into the 
basin in a freshet as great as any of which there are records, 
and assuming at the same time successive tides considerably 
higher than the average, careful estimates show that the 
water in the basin can be prevented from rising more than 
2 feet above the normal level." Two feet above their pro
posed level of 8 is grade 10, Boston base. 

The above estimate assumed a flood of larger volume than 
the great "Stony Brook flood" of 1886, the most severe on 
record ; the basin considered was somewhat smaller than now 
proposed, because of the dam being about 600 feet farther 
up stream; it was then proposed to use the lock in emer
gencies as a sluiceway ; and the flood sluices then proposed 
in the dam were of 300 square feet area, whereas they are 
now propos~d to be of 500 square feet area, with about 400 
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square feet additional area available for storm flow through 
the marg;inal conduits, spillways, ice runs and lock-filling 
gates, exclusive of the lockway itself. Additional sluiceway 
would not be expensive. 

The present proposition to raise the basin level to grade 
8.5 or H, or as high as gronncl-\\·ater observations made 
after dam is built shall :;how to be feasible, will not neces
sarily misc the tlood level at all, for the two features which 
mainly control tho tlood len.:l are: -

(a) Tho Yolume of upland water arriving during the time 
while the sea tide is above the basin level; and 

(v) Tho ability to draw the b,1,sin down 1, 2 or 3 feet on 
the preceding low tide. 

There will remain the same opportunity to do this that 
was contemplated in the plan for constant level at grade 8. 

Profes;;or Porter, in preparing his est-imates (evidence, p. 405), 
assumed the flood volume of upland water at 7,000 cubic feet per 
second, and :ilso :tssumed that the larger openings and sluices proposed 
by }Ur. Bl:tke would be available and the lock also open; and he 
aswrned the extreme high tide of Dec. 5, 1898, in which, under influ
ence of strong easterly wimls, the flood tiLle reached grade 12.2 and 
the ebb was held up to grmle 3.8, to illustrate extreme conditions, 
which might some time retard the outflow from the sluices. Under 
these adverse tidal conditions, with a great freshet, but with a vast 
amount of sluicew:iy, he found the basin might become filled to gmLle 
9, :ind, assuming the still more severe tichtl conditions of Nov. 28, 
1898, the storm in whieh the steamer "Portland" wits lost, perlmps 
the most severe wind storm in the p:tst half-century in itf:' effect on 
tides, with the easterly wind holding the ebb tide up so it did not fall 
below gr:icle 5.4, he eomputed that the basin level might rise to about 
grade 10.4. 

The storage are:L in the basin was assumed by Prnfessor Porter itt 
38 .,! mill ion cubic feL,t per foot in height; whereas it now, with chtm 
at Cntigio bridge, averages 3-L4, or 3 per cent. larger, between the 
con tours of i5 ,ind !) . 

Th is computation of Professor Porter's is not ttpplicable to the chm 
as now proposed, beean~e no tidal sluicew:tys are now proposed, but is 
interesting, :Ls sl10wing- that, under those extreme assumptions of a 
freshet greater in ,·ol nme th:m any ever yet kno,n1 coineident with tides 
of an extreme height at low water that has never yet been observed as 
eoineident with :t great freshet, he found the extreme limit 10.4 feet, or 
slig-hl"ly lower th:m the me:m level of the marshes and slightly lower th:tn 
the h:vel now rcaehed uy the :wernge daily tille in tlte upper Charles. 

Jt .is now proposed to omit the large tidal sluices, and to 
make a deeper lock; and it is not ccrta,in that it will be 
thought best to pro,·idc gen.ring sufficiently strong to pull 
the up-stream lock gate open or close it under pressure, 
therefore it will be proper to omit the lockway from the 
areas available for drawing the pond down in preparation 
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for freshet storage during the succeedi_ng high-water inter
val. Therefore, we will for the moment accept the ex
tremely improbable coincident condition of extreme freshet 
aucl extreme tide, and·apply it to the sluiceway areas shown 
in the drawings on whieh the present estimates are based. 

The four la,rgc sluices and the two small sluices beside 
them present a net area of 500 square feet, for which, from 
experiments on canal headgates at Lawrence, Mass., and 
Manchester, K. H., we will call the coefficient of discharge 
at least 80 per cent. The full discharge of the spillways 
and ice runs on Boston and Cambridge end is allowed for, 
because, during the time that the, basin is above the level 
of their crests ~nd the harbor tide below it, these spill
ways and the marginal conduits are assumed to be discharg
ing at their full capacity. The emergency gates for :filling 
the locks could be included, but their discharge is relatively 
small. The main lock gates are assumed closed. 

Although the greatest flood ever known on the Charles, of 
which record or tradition remains, was that of February, 
1886, when (see Appendi,x No. 16) the flow at "\Valtham 
was probably not over 4,000 cubic feet per second, and 
the main flood from Stony Brook and the lower tributaries 
had spent itself and passed before the greatest height over 
the vValtham dam had been attained, we will follow the pru
dent suggestion of the late James B. Francis, and assume a 
flood of much greater volume, such as might come if a rain 
like that of October, 1869, should fall on frozen impervious 
ground, and assume a flow of 7,000 cubic feet per second. 
It is absolutely certain that the main freshet from the Charles 
would not arrive until a day or two after the main flood 
from Stony Brook has passed, and that there would thus be 
ample warning and opportunity to draw the basin clown 1 
or 2 feet to receive it. 

There are two quite different tidal conditions which may 
be conceived of as lessening the discharge of flood water 
through the sluices: -

(a) Extremely high flood tide caused at a period of spring 
tides by strong and prolonged easterly ·winds, thus increas
ing the length of time during which the freshet ·water must 
be stored because of harbor being above basin level, and 
with the low-water level of the spring ebb held up in about 
equal measure by the wind, thus impeding the outflow from 
the sluices, but less than under some other conditions, be
cause the effect of the easterly wind in piling up the water 
is counteracted by the spring tide tendency to fall low. 

(b) An extremely high ebb tide at the neap tide period, 
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induced by a strong and prolonged easterly wind, which 
would pile up on top of an ebb already high from neap 
tide conditions. 

Our computations show that, with all these unfavorable 
conditions of extreme tide and extreme freshet coming 
together,* wlticlt p1·obably would not happen once in a lmn
cfrecl yea1·s, and with tlte basin not clmwn below gnicle 8 
during the preceding ebb hccausc of the opposing height 
of 5.4 feet on the harbor side while it rose in the harbor to 
14.6 on the flood, t tlte extl'eme hei_qht nacltecl woulcl be 
11.8 feet above Boston base, wlddt 'is 2.8 feet less titan the 
lwi,qltt i·n the hrp·bm' at tlte same time, and a less height 
than the tide in the Charles now reaches in almost every 
month; and, even if it did reach this height, and some of 
the park lands became flooded with fresh water for three or 
four hours, no particular harm would be done. 

I consider that fears of trouble from failure of ability 
to control the flood level of the basin in great storms are 
groundless. 

XX. Cost of Dam ancl Lock. 
These questions of cost are answered in detail in Appen

dix No. 19. 
The complete dam and lock, combined with a roadway 

and drawbridge, with all needful accessory structures, all 
of the best material and workmanship, can be built for any
where from $1,000,000 to $1,600,000, according to the 
elaborateness of detail and the width and height of road
way, and the dam in combination with a brilgc will cost 
just about the same as the bridge alone, of the same width 
and height, which must inevitably soon be built to replace 
the present old, worn and decayed Craigic bridge. 

I consider that the design called No. 5 ( see Appendix 
No. 1~)), the high clam 130 feet wide, of solid filling be
tween massive granite walls, with the deep lock having its 
entrance sill at 18 foot below mean low water, shown in 
section and in elevation, but witl10ut the catch-basins, is 
well adapted to meet the conditions, and for this I estimate 
the cost at $1,425,000. 

Since this will serve for a bridge, and cost no more than 

* We hnve in Appendix No. 18 compiled such recorrls ns cnn lie obtained rel:ith0 e to 
extreme ti(les, and to tl1c cornlitions of rainfall and flood at thc;same time. TIie con· 
tinuous tidal rei:orcls nt the N:l\'Y Yard were kept only from 1847 to :1876, and again in 
1902 and HJO~. These c:111 he supplemented h_v the year's observations at India whnrf 
by .Balclwin in 1867 a11d by the records of the Deer lslancl sewer station in recent yenrs. 

It is interesting to note that there is no recor(I of any rcmarkalJly high tide at the time 
of the Stony .Brook flood. 

t 'l'hcse arc the hci;.:hts reached in the great storm of NovcmlJer, 1898, in which the 
stcan1er "l'ortland" \ras lost. 
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the necessary new bridge, it would appear fair to divide its 
cost between the adjacent cities, just as the cost of the new 
bridge would be divided. 

XXI. Cost of .M~arginal Conduits. 

The marginal conduit required on the Boston side to 
intercept the sewage overflow, street wash and polluted 
Stony Brook discharge, and for providing circuiation in 
the Fens basin (see Appendix No. 19), is estimated to 
cost $500,000. 

The marginal conduit on the Cambridge side for inter
cepting sewage overflow and street wash from the large 
Binney Street district, and for providing circulation in the 
Cambridge canal, is estimated to cost $88,000. 

XXII. Cost of making Good any .In:fnry to Navigation. 

The cost of making good the injury to navigation in
terests along the Cambridge canals is fully discussed in 
Appendix No. 12, also briefly in Append.ix No. 19, also 
in argument of Albert E. Pillsbury, Esq., on p. 459 of 
evidence. 

It does not appear reasonable that the State should. dredge 
these private canals to give a depth several feet greater than 
ever before enjoyed, and rebuild all of the present old and 
shaky walls, or that contract obligations should be incurred 
to give greater freedom from ice in the future than has ever 
been secured in the past, all of which might be called for 
under the stipulation proposed by the petitioners, and which 
might cost, as estimated by the chief engineer of the :Mas
sachusetts Harbor Commission, nearly half a million dol
lars (seep. 427). 

It appears that a fair and liberal allowance for making 
the owners fully as well off as they are to-day, and in fact 
much better off, will be $100,000. The cost of additional 
dredging in the main basin for navigation and for removal 
of the three sludge banks is discussed in Appendix No. 19, 
and I have estimated this at $25,000. 

The channels can be greatly improved, simply and 
cheaply, by the use of discretion in dredging the large 
quantities of filling required for the dam and for the new 
esplanade on the Boston side in the rear of Beacon Street, 
the cost of which dredging is covered in the separate esti
mates for the cost of these structures, and it is this which 
favors so small an estimate as that just given. 
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XXIII. Cost of clreclgin,(J Foul Sl.uclge Banks. 

The dredging of the sludge hank in the Fens appears to 
be purely a city of Boston attair, necessary for sanitation 
without reference to the clam. There is probably some
where from 50,000 to 70,000 cubic yards of this material. 
Although it is stated that dredging of somewhere between 
15,000 and 30,000 cubic yards from this basin in l/:;98 cost 
$25,000, this is not a fair criterion for an estimate of cost 
per cubic yard, because of a large part of this expenditure 
having been ahsorbccl in getting the dredge into position 
and taking it away. By deferring this dredging until the 
dam and marginal conduit are built, and an open entrance 
provided into the Fens basin, the cost can probably be re
duced, and it now appears that total cost should not exceed, 
say, roughly, $40,000. 

XXIV. Cost ef 8lw1·e Line hnp1·ovements. 

The cost of shore line improvements is discussed in some 
detail in Appendix No. H), and other interesting data are 
found on p. 31 of the report of the Joint Board of 1894; 
and it is easy to understand that, with the basin at con
stant level, a much cheaper type of wall will serve for 
extending the proposed marginal improvements up river 
than ,vill be required under the present conditions with a 
14-foot tidal range. 

Pi11ally, 

It appears that the advantages of the darn and the basin 
at nearly constant level largely overbalance the possible 
disadvantages; that sanitary conditions will be improved, 
and danger of malaria not increased ; that interests of mw
igation and rnanufactrn:ing will be bettered; that the harbor 
will not be shoaled hy loss of tidal cnrrcnts ; that a magnif
icent opportunity for wholesome recreation and the enjoy
ment of a more beautiful landscape will be made possible 
by the co11strnctio11 <if this dam. 

s a result of careful o,;tiniatPs, tho romarkable fact ap
pt>ars that this y1·eat JJ'lt1J/£c i1upro'1:ement, with dam, lock, 
11w1·yinal conilllit, esplanacle mul new eml1ank111ent walls, 
mul all 11ecessary appm·tenauces attendant on the suu8tilu
tion of a clecm, sanitary and ueaut'{ful fresh-watei· lalce, into 
which lm·r;e skips can enter aur.l p1·oceed to tlwfr berths at 
any how·, foi· a Jonl tilled estua1·y, 11eecl cost not a dollar 
mo·re than to continue tl1e ldylm:a!I irr1J_n·o1:ements, mar,q1.·nal 
improvements, se1ce1· and sanitary i·m1J1·ovements to which 
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the cities of Boston and Cambridge and the mel1·opolitan 
district are afready definitely committed under tidal condi
tions without gaining the advantages abov~ named. It will, 
however, call for an earlier expenditure. · 

In other words; the dam complete, with roadway, bridge, 
lock and sluices, costs little, if any, more than the bridge 
that must necessarily soon be built in place of the old 
Craigie bridge; and the marginal conduits a.nd their acces
sories, necessary to the purification of the basin, will be 
fully met by the lessened cost of improving the present 
dirty margins of the upper basin, and a moderate dredging 
of the mud flats exposed at low tide, improving the present 
unsanitary marshes, and deferring the building of certain 
new sewers and storm drains already begun in Cambridge. 

Respectfully submitted, · 

JOHN R. FREEMAN, 
Engineer. 
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Editor's Note 

Following submission of the Freeman report in January, l 903, there 
was little further opposition to the Charles River Dam. The Great and 
General Court (state legislature) passed enabling legislation, and dam 
construction was completed in l 9 l 0 under the able supervision of 
Frederic P. Stearns. Thus the clam flats that had shown up every 12 
hours from time out of mind (see photo at Report page l 0) were no 
longer in view. In their place is a permanent water surface bordered by 
appropriate structures, perhaps one of the most charming sights any
where. 

During following decades and especially after the hurricanes of the 
l 9!?0's, it became apparent that further protection against flooding 
would be desirable. The U. S. Army Corps of Engineers undertook 
construction of a second dam (see last photo in following series) plus a 
pumping station capable of handling the entire storm flow of the river 
and delivering it over the ·dam to the harbor at times when gravity flow 
is prevented by high tide or hurricane conditions. This dam was dedi
cated on May 24, l 978. Its impact on the environment is evaluated on 
the following paper. 



Completed lock, I 909. (From l\lDC files). 

Sluices under constructio n , upst1·cam face, J une 1907. (From 1\1 DC files). 
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