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House op Representatives, June 3,1869.

The Committee on Harbors, to whom was referred the Order
relative to the flats of the Commonwealth between the Mill-
Dam and Cambridge Bridge ; the Order relative to the flats
and water area in Charles, Mystic and Miller’s Rivers; the
Order relative to the flats in South Bay and elsewhere ; and
the Order relative to compensation for tide-water displaced
in Boston Harbor,

In 1852 the legislature of Massachusetts asserted and
declared the title of the Commonwealth to all the flats or lands
in the Back Bay below the ordinary line of riparian ownership.
Up to this time the claim that the Commonwealth had a vendi-
ble interest in any of the flats lying in Boston Harbor had been
denied. Parties in interest continued to resist this claim, but
the legislature followed up this act by various enactments look-
ing to the occupation of the flats in Back Bay, and in 1857
work was begun. The whole area of flats thus rescued from
the grasp of speculators was about a hundred acres. The net
receipts from sales of lands filled up to this time have been in
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round numbers, $1,500,000. There remain on hand, nearly all
filled, lands which, upon the basis of past prices and with the
present prospect of increase in value, will net $1,500,000. The
estimate net receipts, it thus appears, will be $8,000,000.

The Commonwealth owns twenty-seven million feet of flats at
South Boston. The right of the State to fill and sell these flats
lias been resisted as in the case of Back Bay, and the combina-
tion of the various parties opposed to the filling has succeeded in
postponing it till the present time. It is understood that nego-
tiations are nearly or quite completed by the governor with the
riparian owners by which all controversies as to the right of the
Commonwealth to fill these flats are amicably adjusted, and
flats to the amount of about 4,225,000 feet sold to the Boston
and Albany, and Hartford and Erie Railroad Companies for the
sum of about $1,275,000. As a part of these negotiations the
Commonwealth purchases of the riparian owners about two
and a quarter million feet of flats adjoining her own flats and
above high water, at a cost of about $275,000. Deducting this
amount from the amount of the railroad companies, the net
proceeds of the transaction will be one million dollars paid into
the treasury. The flats purchased by the governor will un-
doubtedly sell for a much larger sum than they cost, when the
occupation and improvement of those purchased by the railroad
companies shall have been made. Including these, the Com-
monwealth still owns about twenty-five million feet of fiats at
South Boston, the ultimate value of which, lying as they do in
the path of the growth of Boston and precisely at the future
commercial centre of Boston, can hardly be estimated. These
statements apply to flats of which the occupation and improve-
ment are commenced.

In addition to this the Commonwealth owns a still larger
amount of flats, the occupation and improvement of which are

claiming attention, and which, when properly taken care of,
will ultimately be of greater value. The following table, pre-
pared for the Committee by Mr. Whiting, Engineer of the Har-
bor Commission, gives the areas of these flats as accurately as
can be ascertained without actual surveys;—
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Square Feet. Acres.

Area of Charles River Basin —

Between Craigie’s and Brookline Bridges, . . 31,623,000 = 725.0
Eiparian Flats, Cambridge side, .... 14,398,000 = 330.5
Channel-way, 500 feet wide, ..... 6,875,000 —157.8

State Flats on Boston and Brookline side—

Craigie’s Bridge to end of Mill-Dam, . . . 7,350,000 ?
PEnd of Mill-Dam to Brookline Bridge, . . . 3,000,000 £

Area of water space, south of draws, between
Charles River and Craigie’s Bridges —

Between Fitchburg and Boston and Maine Railroad, 75,928 -

Between Boston and Maine and Eastern Railroad, . 78,528 -

Area of Miller’s River above Prison Point Bridge, . 3,519,120 =. 80.0
Eiparian Flats, 2,879,120 = 66.0
State Flats, . 640,000 = 14.0

Area of Mystic River, Chelsea Bridge to Narrows, . 25,113,300 =574.2
Riparian Flats, Chelsea Bridge to Narrows, . . 13,125,800 = 301.3
State Flats, near Chelsea Bridge,

. 4,080,000 )
~ „OQ AAA nnK -

Area natural channel-way,
“

. 7,908;000 | i 1’ 988 ’ 000 = 275 - 5
Channel-way, 500 feet wide, 6,250,000 = 143.5

Area South Bay, abover Dover Street Bridge, . 12,303,344 = 282.4
Riparian Flats, . 9,118,944 =209.4
State Flats, 3,184,400 = 73.0

Between Dover Street Bridge and the Exterior
Line—

Area Fort Point Channel, 3,702,600 = 85.0
Channel-way, 300 feet wide, 2,100,000 = 48.2

In addition to these, there is a very large area of flats in
Dorchester Bay which, at a not very remote period, will become
available for commercial purposes and for sale. We have been
unable to obtain reliable figures as to the amount.

The above table gives the following as the amount of flats
belonging to the Commonwealth :

Above Craigie’s Bridge, ....10,850,000 sq. ft.
Between Charles River and Craigie’s Bridges, 154,456 “

Mystic River, 11,988,000 “

Miller’s River, 640,000 “

South Bay, 3,184,400 “

Fort Point Channel, 3,702,600 “

Total, 30,019,456 sq. ft.
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What portion of these flats may be occupied, either with pile
structures or solid filling, without injury to the harbor of Bos-
ton, may be considered an open question. The generally
received theories in regard to the harbor assume that such
occupation, to any great extent, would be injurious to the har-
bor. Until very recently these theories pronounced the filling
of Back Bay in the highest degree injurious, without corres-
ponding excavation in the other tidal basins of Charles River;
and it is now admitted by the very best authorities that this
filling has not only not proved an injury, but, by inference, that
it has diminished the injury resulting from the too large area
of the tidal basins of Charles and Mystic Rivers.

The same is true as to the effect of filling the South Boston
flats upon the harbor. This filling was long resisted on the
ground of alleged injury to the harbor, or if allowed, it could
only be done upon condition of increasing the tidal basins of
Charles River to a corresponding amount. Since the discovery
that these basins are now in excess, the necessity of increasing
them for the purpose of compensation for tide-water displaced
by filling the South Boston flats, is admitted not to exist.

The question, to what extent the flats and water-areas owned
by the Commonwealth and by riparian owners, can be filled
with safety to the harbor, is one of great importance. The
Committee agree fully with the following statements of the
governor in his inaugural address, in relation to the South
Boston flats:—

“ Happily for the successful improvement of this great property,
the investigations of the last two years have disposed of some of
the problems which embarrassed the progress of the enterprise. It
may now be regarded as settled, that the filling of these flats within
the limits ajjproved by the United States Commissioners, instead of
tending to the injury of the harbor ofBoston, willmaterially benefit
it. It is a matter of congratulation that those investigations show
that the harbor of our commercial metropolis is one of the finest on
our coast, and that improvements can be made in connection with
the filling of these flats,—not only without the ultimate appropria-
tion of a dollar from the treasury, but with considerable profit to
the State,—which would largely increase the capacity of the harbor.
While, therefore, I would not recommend the entering upon a sys-
tem of harbor improvements at the expense of the treasury of the
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State, as that belongs more properly to the National Government,
yet every consideration of far-seeing policy suggests the wisdom of
an enterprise which secures enlarged commercial facilities and
valuable financial results.

We are impressed with the belief that the other flats of the
Commonwealth may be occupied and improved to a very large
extent, not only without injury to the harbor, but with positive
benefit. The advantages of such improvement to the commer-
cial, manufacturing and general business interests of Boston
are too obvious to be discussed. The financial results of such
improvement, carried out on a comprehensive plan, can hardly
be calculated.

The importance, both commercially and financially, of adopt-
ing a plan of occupation in advance , will be apparent by refer-
ence to the history of past fillings. Since 1835, over thirteen
hundred acres of flats have been filled. With the exception of
less than a hundred acres filled by the Commonwealth in Back
Bay, not a dollar has been paid into the treasury of the State
for this property. What portion of these flats lay outside of the
line of riparian ownership, we have not the means of ascertain-
ing. If a comprehensive plan of improvement had been adapted
thirty-five years ago, undoubtedly the State wouldhave realized
millions of -dollars from the sale of flats which have been
granted, piece-meal, to private parties.

One corporation has received grants of between three and
four million feet of the most valuable of the South Boston flats.
This territory, at the rates at which the Commonwealth’s flats
have just been sold, would be worth to the State treasury over
a million dollars.

The railroad companies entering Boston on the north have
received grants of flats and water areas in Charles River
amounting to 1,236,545 square feet.

Daring the present session, hearings have been held before
this Committee upon a bill granting to certain railroad com-
panies the right to occupy the water areas, south of their draws,
between the Fitchburg, and Boston and Maine, and between the
Boston and Maine and Eastern Railroads. The amount of area
thus asked for was 154,456 square feet.



6 [June,COMMONWEALTH FLATS.

The Bill was referred to the Harbor Commissioners, who
made the following report: —

COMMONWEALTH OF MASSACHUSETTS.

Office of the Haeboe Commissioners, )

Boston, May 6th, 1869. |

To the Hon. Chaeles R. McLean, Chairman of the Joint Stand-
ing Committee on Harbors.
The Bill entitled an “Act authorizing the Fitchburg Railroad

Company, the Boston and Maine Railroad Company, and the
Eastern Railroad Company to widen their bridges over Charles
River, upon certain conditions,” having been referred by the Har-
bor Committee to this Board, the following Report upon the same
is respectfully submitted:

In the early part of the session the Fitchburg Railroad Company
and the Boston and Maine Railroad submitted evidence to the
Railway Committee which satisfied that committee that these rail-
roads required a large increase of the width of their bridges on
both sides of Charles River. It was, however, insisted by this
Board, before the committee, that in case the railroads were per-
mitted further to obstruct the waters of the river on its northerly
shore, an equivalent for such privileges should be given in the form
of an improvement in the draws and piers required for the con-
venient navigation of the stream, and giving a wider and less
obstructed passage-way for the tide; and that for any encroach-
ments on the Boston side of Charles River equivalents should be
given in the reconstruction of the bridges so that the lines of piles
should afford the least resistance to the flow of the tide, and con-
form to the plan earnestly recommended by the United States
Commissioners in their reports on Boston Harbor.

The problem of obtaining proper equivalents for the extension
of the railroad bridges on the northerly side of Charles River in
increased facilities for its navigation, and the improvement of its
water-ways, has already, after a most thorough investigation, been
satisfactorily met by the Harbor Committee in its decision to
require a widening of the draws to forty-four feet over Charles and
Miller’s Rivers, and an improvement in the position of these draws,
and of the piers connected with them.

The problem upon what terms the railroads can be safely per-
mitted further to encroach upon the waters on the south side of
Charles River, is met by the present bill.
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This question does not derive its immediate importance from its
commercial relation to the navigation of Charles River, but from
its physical relation to the tidal system of Boston Harbor. The
proposition of the bill is to bridge over the whole water space from-
the Eastern Railroad bridge to Warren Bridge southerly of the line
of draws over Charles River, by one continuous pile structure in
the deep water of the channel. It is proper to say that the extent
of this proposition is due to the suggestion of this Board. The
Board were unwilling to entertain for a moment a proposition for
any substantial encroachment on the unoccupied waters of Charles
River on the Boston side which was not made inseparable from a
reform in the existing bridges. A partial occupation would not
furnish a sufficient inducement to the railroads to make the desired’
reform. The consequences of a partial occupation without this
reform would be only added evil and injury to the harbor of
Boston.

While the Board were unwilling to consent to further occupation
in this locality without a proper reconstruction of the old bridges,
it was still a subject of most serious consideration upon what
specific terms it would be safe to consent to such an occupation;
and we were glad to seek in the settlement of this question the aid'
of the United States Advisory Council, whose mastery of this
class of questions is unrivalled. Their report upon the subject is
appended. It is exhaustive in thoroughness, most comprehensive
in scope, and entirely satisfactory. It is given in response to the
following inquiry from the Board -

“Should these railroad bridges south of the line of draws be
taken up, and the pile work be re-driven in proper lines, and these
lines be continuously extended from the east side of the Fitchburg
Railroad bridge to the west side of the Eastern Railroad bridge, as
they are now located, what would be the resistance to the water
flowage, and the physical action of the tidal currents in passing
through these new pathways compared with the unnatural path-
ways which the water is now forced to pursue ?

“In other words, which will be the least objectionable structure,
physically considered in relation to the harbor,—the present de-
tached structures as they now exist, or a continuous structure, con-
forming, as proposed, to natural lines ?

”

It appears that the council have not merely examined the ques-
tion upon what conditions this limited occupation on the south side,
of Charles River could take place, but upon what conditions the
whole space of the river from Cragie’s Bridge to Charles River
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Bridge can be occupied by pile structures without deterioration to
the harbor. They find that this occupation can take place by piles
arranged in bays of not less than eighteen feet width, sheathed
from the bottom to the level of high-water, in lines that shall offer
the least resistance to the current, and an improvement obtained
upon the present condition of Charles River, within the limits de-
scribed, of thirty per cent.; and they authorize us to draw the
inference that the occupation proposed in this bill, if made accord-
ing to the condition of the problem they have solved, will yield a
proportionate gain.

While the council warn us against counting confidently upon this
gain as a practical result, on account of the difficulty of securing
in constructed works the exact counterparts of the elements of a
mathematical computation, and make this a ground for insisting
upon the required conditions of occupation without any abatement,
they have no doubt whatever that the occupation can take place
upon these conditions without detriment to the harbor.

Compliance with these conditions will involve an expenditure of
a hundred or a hundred and fifty thousand dollars; but the rail-
roads on the other hand will respectively gain thereby large tracts
of territory of great value to them.

With the conditions above mentioned specifically inserted, the
Board have no objection to the bill.

The Board would call the attention of the Committee to chapter
one hundred and seventy-six of the Acts of the year 1861, in con-
nection with this subject, and recommend the repeal of this Act.
It provides for the leasing or sale by the governor and council of a
portion of this territory to the Boston and Maine Railroad, or East-
ern Railroad Company, with the right to occupy it with pile struc-
tures upon the wholly inadequate condition that the new piles shall
be “ driven in extension of the present lines of piles.” In this way
an existing evil would be increased. The continuous pier for which
provision is made in the bill is in the interest of the convenient
navigation of Charles River; and, in the opinion of the Board, a
valuable feature.

In conclusion, we would embody the views of the advisory coun-
cil and this Board by proposing the following amendment to the
present bill; Add after the fourth section the following sections in
place of the present fifth section:—

Sect. 5. The foregoing rights are granted upon the following
conditions, namely: that all the work shall be done under the
direction and in conformity with plans approved by the harbor
commissioners; and further, that neither of said corporations shall
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have or claim any rights, nor do any work, under the provisions of
this act until it shall (in such form and with such security as the
board of harbor commissioners, subject to the approval of the gov-
ernor and council, may require,) enter into an agreement with the
Commonwealth to change the hues of the piles of its present bridge
over Charles River southerly of the draws, so that they shall con-
form to lines to be determined by the harbor commissioners, in such
directions that the piles shall olfer the least resistance to the flood
and ebb streams; and to enlarge the bays between each line of
piles to not less than eighteen feet, and to sheath said lines of piles
from the bottom of the river up to the level of high water.

Sect. 6. Chapter one hundred and seventy-six of the acts of the
year eighteen hundred and sixty-one is hereby repealed.

Josiaii Quincy,
S. E. Sewall,
Daewin E. Ware,
F. W. Lincoln, Jr.,
William Mixtee,

Harbor Commissioners.

Reply of the United States Advisory Council to the Ques-
tion PROPOSED BY THE BOARD OF HaRBOE COMMISSIONERS.

Gentlemen: —§ 1. In the report which we made to your hon-
orable board in the autumn of 1867, and which appears as an appen-
dix to your Second Annual Report, we showed, from critical com-
parisons of several hydrographical surveys, that large changes had
taken place in the bed of the upper harbor, and that these changes
indicated a shifting of material from point to point rather than any
considerable additions of deposits from external sources.

Moreover, it appeared that in some degree the ancient character-
istic features of the harbor bed were disappearing—-that shoals were
forming where depressions formerly existed, and vice versa ; so that
we were led to the conclusions that a change in the regimen of the
physical forces of the harbor had taken place, and this change had
been brought about by the artificial encroachments upon the path-
ways of the tides and currents.

§2. Among the multitude and variety of the encroachments that
have been made since the date of our earliest minute survey, it is
difficult to define the injury done by any single structure, especially
as its influence often extends to a considerable distance, and per-
haps in several different directions; but, by combining the results
of our comparisons of surveys with those reached in the physical
study of the forces at work, we are able to substantiate charges
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against certain groups or classes of structures, and among these we
find the bridges of the Charles River and Fort Point Channel.

To these bridges, built with an “ independent contempt for the
free passage of the tidal streams,” our predecessors, the United
States Commission, repeatedly solicited public attention.

In their Fourth Report (1861) —the first one published after the
commencement of the physical survey—the United States Commis-
sion use the following language :

“ The bridges over the Charles River are not arranged with suita-
ble reference to the natural flow of the currents, and it frequently
happens that the momenta of the streams are destroyed by encoun-
ters with the piers and jnles of the bridges and adjacent wharves.
There is reason to believe that the river current, in the absence of
the bridges, would distribute its deposit gradually, as its velocity
slackened in its progress towards the sea, instead of throwing it
down in abrupt piles, as now. The ebb and flood tidal currents,
approaching from nearly opposite directions, are differently deflected
by the artificial structures, so as to complicate their relative paths
and make it impossible to lay down a uniform rule for future struc-
tures in different portions of the estuary, as each case of a future
structure must be a special one, and have relation to those already
established in the neighborhood.

“ There are some localities where the building out of the river
banks would improve the course of the stream, and there are other
points where permanent stone walls now interfere with its course.

“ The current at any point of the channel is moving, not only
with an action due to the local influence of gravity, but also with
the power accumulated at points higher up the stream. Of these
two elements the momenta is the conservative power—that which
equalizes the depths of the water-ways and gives uniformity to the
channel. It is this particular element of power which may be
destroyed by bridges and opien piling across the channel, which,
although they suffer all the water to find its way through, do
nevertheless produce much mischief. Among the railway bridges
over the Charles River the utmost confusion is observable in the
course of the tidal drift—its unity of movement is destroyed, it is
local in character. To vessels towing through these bridges, the
abrupt changes in the directions and velocities of the currents
between the draws is a source of delay and vexation.”

In their Seventh Report, pages 33, occurs the following: —

“If it be admitted, and we do not dispute it, that the conve-
niences of business are to be purchased at a price, and that price a
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certain degree of injury to the harbor, it must also be admitted that
the limits of gain and loss, of advantage and disadvantage, ought
to be, as nearly balanced as possible. But we are now obliged to
•declare that these limits has been transcended in a hazardous
degree, and we earnestly invite you to review and reform the whole
subject of encroachments by bridges.”

And in the appendix (mainly devoted to the bridges of the Fort
Point Channel) the following reference to Charles River is made:

“ That the construction of the bridges has much more to do with
the reversion of the natural order of tidal heads than the general
contraction of the channel, is made evidentby comparing our tables.
The tide of the Navy Yard has also passed through contractions at
the Castle Island Narrows, and at the city, yet the orderof the tidal
heads has suffered little disturbance.

“ My examinations of the Charles River, recently made, confirm
what I have stated, most positively. I placed one gauge on the
east side of the lower Charlestown Bridge, another on the east side
of Cragie’s Bridge, and a third in the basin above the West Boston
Bridge. On these, simultaneous observations were made and a
comparison of heights instituted. Between the first and second
gauges there were six bridges in a space of 0.44 miles, between the
second and third there were two bridges in a distance of 0.54 miles.
The mean hourly variation of water level between the first and
second gauges was found to be 0.25 ; and between the first and third
gauges, 0.35. These figures give us the following ratios: —distances
as 6: 13.4; bridges as 6: 8 ; tidal heads as 6: 8.4.”

From the Tenth Report we extract the remarks given below:
“ The mere fact that eleven thousand piles have been driven into

the channel way of the Charles River near its mouth, without the
least regard to anything but personal or corporate interests, would
lead any reasonable mind to presume that some sacrifice of the use-
fulness of the stream must have occurred, and that this sacrifice is
much larger than it need be.

“ The present cross section at any one point in the Charles River
is not so small as greatly to obstruct the tides, but the reduction of
water way is nevertheless serious. The bridges are built upon rows
ofpiles placed nearly at right angles to the roadways. If a road
crosses the stream diagonally, these piers also stand obliquely, and
diminish the water way considerably more than they would if
parallel to the course of the stream, and this without materially
lessening the cross section. In this case, the obstruction deflects
the stream and introduces therefore angular resistance. The fact
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that the piers themselves are of open piling does not mend the mat-
ter, for in passing through the small opening eddies are created,—
we have not only diminution of water way and angular resistances,
but we have also abrupt obstacles by which local heads are created
which break up the continuity of flow.

“We suggest that as these bridges are repaired, theirpiers should
be set in the line of current, and that they should be sheathed and
so built as to present sharpened prows to the drift or stream from
above or below, and the number reduced by the constructing engi-
neers to , the extent of their abilities. The frequent alterations of
section caused by the bridges will (however perfect may be their
construction) cause some meandering of the stream, which the
sheathing is suited to correct in part. The presentation of abrupt
obstacles may be wholly prevented by the sharpening of the piers
we have suggested.”

OO

And from the appendix of the same Report, the following;—
“ In the second table, that of the Charles River, we observe very

much the same conditions that we have described for the Fort Point
Channel; with this significant peculiarity, the principal deflections
of the axis occur in the loioer reach where the bridges are most
numerous. Between Stations 1 and 2 the distance is 0.44 miles,
and between 2 and 3, 0.54 miles. In the former, the deflection
reaches a maximum of 13 minutes, in the latter, only 3 minutes. In
these distances the half tide sections, in the averages, do not differ
much, while the perimeters differ widely, but are greater for the
upper reach. It is plainly shown, then, that section and perimeter
are not elements that need to be considered in the comparison.”

But it is principally in their tenth and last report, as the result
of a final discussion, that they insist upon a radical change in the
construction of the bridges.

§3. They suggest that as the bridges are repaired, the number
of piers, or pile rows, supporting the structures, should be reduced
so as to admit of broader bays; that these piers or pile rows should
be placed in directions conforming to the proper course of the
stream, and that they should be sheathed. We accept and endorse
this suggestion in its entirety, for, although it embraces three
operations of unequal importance, we hold that they are inseparable.

The resistances offered by these bridges to the tidal streams are
principally those of abrupt obstruction due to piles and other tim-
bers. To place these piles, were it possible, in exact conformity to
the natural direction of the current, would not be to destroy, but
simply to lessen the resistance which they offer. Each pile would
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still be an abrupt obstacle, and tbe stream, alternately enlarging
and contracting its section in passing through the bays, would still
suffer a decided loss. But if, in addition to giving proper direc-
tions to the piles, the piers are sheathed and sharpened, their char-
acter as abrupt obstructions disappears. Sheathing, however, by
augmenting the surface exposed to the stream, gives importance to
another element of resistance, otherwise inconsiderable, viz., fric-
tion. To keep this within proper bounds, we must reduce the
number of piers.

§4. As the basis of our computations of the probable effects
likely to follow from the additions and changes which you propose
to make among these bridges, we have selected the following tables
of observed data from the Report of the Commissioners on Harbors
and Flats, dated February, 1866:

Tidal Heads* in Charles River and Fort Point Channel.
In Charles Hirer.

Heights at Charlestown Bridge, minus Heights at Cragie’s Bridge, minus
Heights at Cragie’s Bridge. Heights in Charles River Basin.

Head of Head of Head of Head ofHour.
.

Hour. Hour. Hour.Flood. Ebb. Flood. Ebb.
- Rise and fall

0 .00 VI. .02 - , ... 0 .00 VI. +.Ol
I. .07 VII. —.16 e<lual for this I. .07 VII. —.OB

11. .26 VIII. —.33 date, 2d Sept., 11. .00 VIII. —.12
111. .49 IX. —3O Isft„ 111. .02 IX. —.lB
IV. .38 X. —.44 ieo>s- IV. .24 X. —.12
V. .28 XI. —.44 V. .02 XI. —.OB

VI. .02 0 00 VI. .01 0 +.03
Mean,f .25 —.28 .07 | .10

Fort Point Channel.

Heights at Lower Central Railroad Bridge, minus Heights at
Dover Street Bridge.

Hour. Head Flood. Hour. Head Ebb.

0 0.00 VI. +.OOI. +.07 VII. —.12 31st Aug., 1863.
11. +.26 VIII. —.28

111. --.60 IX. —.35 Mean head for six

jy II 60 X —57 hours of flood, . 0.30 J
V. +3O XI. —’s2 For ebb, . . 0.31

VI. +.OO 0 —.Ol

* The observations were made by the Coast Survey, under very favorable circumstances andwith great care. The data for the Charles River is from a tide somewhat in excess of the mean,t Mean ordinate for six hours.



14 [June,COMMONWEALTH FLATS.

That these tidal heads are the measures of resistance due almost
exclusively to artificial obstructions, is so clearly proven by the
arguments that accompanied them in the report of the United
States Commissioners, that it would seem unnecessary for us to add
anything upon this point. Still we are tempted to offer one more
illustration found in a comparison between the obstructed portion
of the Charles River and a similar tidal channel remaining essen-
tially in its natural condition, viz., Kill Van Kuhl.

Kill Van Kuhl is the principal communication between Newark
Bay and New York Harbor. Like the portion of Charles River
under discussion, it is a deep channel filling and draining a basin
which receives a small supply of fresh water. The mean ratios of
perimeter to section have not been accurately determinedfor Charles
River; it is very evident, however, that the comparison would be
unfavorable to Kill Van Kuhl, so that in neglecting these elements
in the following table we do not invalidate our conclusion, but place
it within the truth.

LOCALITY.

Area
of
Section.

Volume
perSec-

ond
passing
Sec-

tion.
(Mean
for

six
hours.) Observed

Head
in

1,000
feet.

(Mean
for
six

hours.) Velocity
per

Sec-

ond.
(Mean
for

six
hours.)

Square ft. Cubic ft. Feet.

“■«« «•>*> »■>» '■»

fKill Van Kuhl 43,398 134,534 0.03 3.1

It being granted that Kill Van Kuhl represents the orderly con-
ditions of a channel without transverse obstructions, we may from
its elements compute the measures for resistance that would obtain
in the Charles River if the bridges were absent. With the ratios
of section and perimeter equal, the mean tidal heads should vary
with the square of the velocity at least; in other words (3.1) 2

: .03
t=(l.6) 2 : 0.008, which would show that the artificial obstructions
in the Charles River have increased the resistances twelvefold!

§5. As we have stated in §2, “it is difficult to define the injury
done by any single structure,” and we may add, that to predict the
effect of a local and partial change in the mode and extent of an

encroachment, would require a much more intimate knowledge than
* The section just below Charlestown Bridge is the one used. The volume was ascertained from

a survey of the whole tidal prism.
f The section used here is the mean of four representing the true mean very closely for a chan-

nel so nearly uniform. The velocity is observed, and thevolume computed from it.
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we can gather from a study of the data at our command. It is
only by assuming that the work you propose is part and parcel of a
general scheme of reconstruction, and then by basing our calcula-
tion upon the features of this scheme in its ultimate form, that we
reach positive conclusions deserving your confidence. We have
premised, then, that the channel at its narrowest reach, just below
Charlestown Bridge, is to divided by sheathed walls, each eighteen
inches thick, into water-ways of eighteen feet each, and that these
water-ways are to be extended, without further reduction of sec-
tion, to Cragie’s Bridge. The surveys furnish us with distances,
areas of section, tidal heads and tidal volumes, and our problem is
reduced to the following question : Will the tides, rising and falling
in Boston Harbor, fill and drain the Charles River, through our sup-
posed water-ways, without necessitating an increase of the present
heads—that is to say, without involving greater resistances than
now appear ? This question we are able to answer in the affirm-
ative. The mean of our computed velocities for the flood is 2.14
feet per second, and for the ebb 2.28 feet per second.* The requi-
site mean velocity for filling and draining the Charles River tidal
volumes through our supposed section is however only 1.90 feet per
second; our computed velocities are therefore in excess, and the
result of the change would be lessen the mean head (according to
rule of § 4,) about thirty per cent, for either flood or ebb.

To recapitulate. Our answer to your final question is this: If
the entire portion of Charles River between Cragids and Charles-
town Bridges were divided into forty-two water-ways, separated by
sheathed icalls, and each having the section we have used through-
out, the ingress and egress of the tides would be attended with about
thirtyper cent, less resistance than novi.

In receiving this result we earnestly caution you against conclud-
ing that this thirty per cent, reduction furnishes you a safe margin
for compromises regarding the extent of the sheathing or the width
of the water-ways. Even if you are required to entertain the proj-
ect before you, not as an improvement, but simply as one which
shall not extend the present evils, we recommend you to insist
upon the provisions of §3. Because in practice so many errors of
workmanship must occur, that an exact realization of a computed
result is not to be expected. The history of hydraulic works illus-
trates too frequently the truth of this remark. Again, we have
supposed an absolute continuity of the sheathed walls which may
never be conveniently provided, and we have supposed an entire

* We omit the lengthy computationsby which we have reached these results.
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and not a partial control of the stream, while your project admits
of a mixed order of old and new structures. We have besides
taken no account of the tidal volume of Miller’s River, which, al-
though small, must be provided for ultimately. And, lastly, we
have supposed that all broken piles, timbers transverse to the
stream, and other hidden obstructions, will be wholly removed.

We add to this Report a series of tables and diagrams,* not
before published, which represent the horizontal movements of the
tidal currents among the bridges. They are from actual observa-
tions, and exhibit so much confusion in the drifts that we have
refrained from placing any interpretation upon them, preferring
that the reader should observe how far they justify the assertion
already quoted from the U. S. Commission, that the bridges are
built with an “ independent contempt for the free passage of the
tidal streams.” We ought to mention, however, that the diiferent
localities were not observed upon simultaneously; so that com-
parisons between different diagrams must not therefore be too
critically made.

We recommend to your honorable board to repeat and elaborate
these observations, so that you may be able, after the proposed
changes are commenced, to watch their developing effects, and
improve every favorable feature. To this end we offer the follow-
ing suggestions:—

Ist. Place a tide staff on the draw pier, below Charlestown
Bridge, and another above Cragie’s Bridge. These stations to be
occupied whenever observations are in progress in any part of the
intermediate space.

2d. For a single day, at period of mean tides and quiet weather,
have observations of tides made on the extremities of the draw
piers on either side of each bridge.

3d. Upon the ebb tide, at the third hour after high-water, throw
over from Cragie’s Bridge, at four different and equidistant points,
a number of floats, and observe the times and places of their pass-
ing each bridge. Repeat similar observations for the flood, com-
mencing at Charlestown Bridge at the third hour after low water.

4th. Finally, take the bridges severally, and endeavor to measure
the heads and mean velocities of the currents between and under
them from at least four equidistant points by simultaneous observa-
tions.f

* The diagrams were not printed, on account of the expense.
t The determination of mean velocities referred to in 4 involves observations of currents

at different depths.
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You will observe that operations 1 and 2 are designed, in ad-
dition to their immediate and obvious objects, to furnish the means
of reducing to the same basis the observations of ditferent dates
aud tidal hours referred to in operations 8 and 4.

Operation No. 1 involves the employment of two persons who
shall be confined to observations at their stations and not available
for other duties. Twelve additional observers may be suflicicnt for
operations 2, 3 and 4. Fourteen persons directed by your engineer
and his assistant may be expected to execute the entire project, to-
gether with the incidental questions that may arise, in about a fort-
night of summer weather.

In the previous experience the use of boats was found less con-
venient than stationing men upon the bridges and having them
signal each other.

An inquiry into the outflows and inflows of Miller’s River has
never been made, although tidal stations have been occupied in the
basins above; we recommend that this inquiry be added to those
we have heretofore suggested.

A. A. Humphreys,
Bvt. Maj. General and Chief Engineer V. S.,

Benjamin Peirce,
Supt. XI. 8. Coast Survey,

Henry Mitchell,
Ass’i. U. 8. C. 8. in charge of Physical Surveys,

U. /S'. Advisory Council.

Mr. Thomas Doane, Civil Engineer, laid before the Com-
mittee estimates of cost of sheathing the piles as required hy
the Commissioners. He gave the opinion that the sheathing
to the bottom of the channel would he nearly impossible—im-
practicable without enormous cost, and that the cost of sheet
piling, which would be but a fraction of that of sheathing,
would be equal to four dollars per square foot of the areas
occupied. The project was therefore abandoned for the present.

Enough has been said to suggest the magnitude of the inter-
ests involved in the matters referred to the Committee, to show
that this magnificent property is in danger of being frittered
away, as other flats of the Commonwealth have been in times
past, and that the time has come when a general plan of im-
provement and occupation should be adopted. These flats are
the property of the whole people. The governor says :

3
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“By chapter 313 of the Acts of 1864,* the net proceeds of the
sale of these flats are devoted to the sinking fund for the redemp-
tion of the scrip therein authorized. Whatever plan of improve-
ment is adopted, good faith with the holders of those bonds requires
that the largest financial results, which will be consistent with
commercial ends and the rights of others, shall be secured.

We entertain no doubt that, properly managed, the flats
belonging to the Commonwealth may be so developed, in entire
harmony with the preservation of Boston Harbor, as not only
to redeem the whole of the scrip to which they are pledged,
hut to place additional millions in the treasury of the Com-
monwealth.

We have found, however, that to reach any definite conclu-
sion upon the various matters connected with a subject of this
magnitude, required more careful investigations than it has
been in our power to make satisfactorily during the session.
We believe, that as this is a matter in which the whole people
of the State are interested, and that the interests of the Com-
monwealth may be most safely entrusted to the direct repre-
sentatives of the people who, while acting as the guardians of
all other interests, ought to protect the special interests of the
people, always consistently with other interests, we recommend
that the subjects embraced in the several matters which form
the basis of this Report be referred to a joint special committee
who shall report to the next legislature.

The Committee, therefore, report the following Resolve.

For the Committee,

P. W. BIRD.

* And also by Chap. 122 of the Acts of 1865.
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RESOLVE

Relating to the Occupation and Improvement of the Flats of
the Commonwealth.

Resolved
,

That a joint committee, consisting of three mem-
bers on the part of the senate, and six members on the part of
the house of representatives, be appointed, with authority to
sit during the recess of the legislature, to prepare a compre-
hensive plan for the occupation and improvement of the plots
and water areas of Mystic River, and of Miller’s and Charles
Rivers above Charles River bridge, and of South Bay, Fort
Point Channel and Dorchester Bay. Said committee may
employ an engineer, and shall inquire what portion of said
plots or areas may be occupied ; whether with pile structures
or solid fillings ; what would be the effect of such structures
or fillings upon the harbor of Boston ; what compensation shall
be required for the injury, if any, caused by such occupation
of said harbor; and what would be the best method of making
compensation for such injury ; what would be the financial
value of said plots and areas if the plan which the committee
may recommend should be carried out; and what would be the
best method of selling or disposing of the interest of the Com-
monwealth in said plots and areas. Said committee shall have
access to all maps, charts and plans belonging to the Common-
wealth in the hands of the harbor commissioners. They shall
have their office in the state house, where the maps, charts and

<£ommcrmocaltl) of iHassacljusctte.

In the Year One Thousand Eight Hundred and Sixty-Nine.
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plans, records ofall their doings, and all documents relating to
their business shall be kept.

The committee shall report to the next legislature, and it
shall be their duty to suggest any new enactments of law which
they may think needful for the purpose of carrying out any
plan presented by them, and of securing the public objects
aimed at in the improvement of said plots and areas. They
shall keep an account of all their actual services, and of all
expenses attending the performance of their duties, to be duly
audited and allowed by the governor and council, and paid by
warrants upon the treasury, duly drawn by the governor, who
is hereby authorized to draw the same. The authority of said
committee shall continue until the action of the next legisla-
ture thereupon.


