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To the Honorable Senate and House of Representatives of
the Commonwealth of Massachusetts:

The undersigned, a Commissioner on the Harbors and Flats
of the Commonwealth, appointed under the Resolve of the
year 1862, chapter 88, respectfully submits the Third Report
under said Commission.

€ommonu)caltl) of iftaosadjuoctts.

The undersigned would not have thought it necessary or
proper for him to present any report at the present session, the
former Commissioners having resigned, and there being only
a single member of the new board, had not the accompanying
Ninth Report of the United States Commissioners on Boston
Harbor been sent to him officially. It therefore becomes his
duty to lay this highly valuable and important document before
the legislature. And it is herewith submitted. This, together
with the previous reports of the United States Commissioners,
and those ,of the Commissioners on Harbors and Flats, will
throw much light on various subjects’ connected with the
Harbor of Boston, and the other harbors of the Commonwealth,
which are likely to come before the legislature at its present
session, and especially on the plan of enclosing and filling the
South Boston Flats, and the mode of compensating for the
injury to the harbor by cutting off so large a quantity of tidal
waters, as the proposed improvement would necessarily do. The
legislature will also find the creation of a permanent Board of
Harbor Commissioners urged, both by the United States Com-
missioners and the recent Commissioners on Harbors and Flats,
in previous reports.
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Should the legislature think it advisable at the present
session, to take preliminary measures for the occupation of the
South Boston Flats, they will probably find the most important
questions which occur to them on the subject, answered in
these reports. The number of years which have been devoted
by the United States Commissioners to the examination and
study of Boston Harbor, and the weight of authority which
attaches to their names, give great value to the conclusion at
which they have .arrived, that the occupation of the South
Boston Flats, which all look forward to as a great accession to
the property of the State, will be a very desirable improvement
to the Harbor of Boston, if compensation for the tidal waters
cut off be made in the mode the Commissioners propose.

S. E. SEWALL,
Commissioner on Harbors and Flats.

Boston, February 24,1865.
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United States Commission on Boston Harbor, )

Washington, D. C., February 13th, 1865. j

Sir,—I have the honor to transmit to you a copy of the
Ninth Report of this Commission on Boston Harbor.

Yery respectfully,
Your most obedient servant,

C. H. DAVIS,
Rear Admiral U. S. N.,

Recorder.
Hon. S. E. Sewall,

Chairman of the Massachusetts State Commission on
Harbors and Flats.
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To the Honorable S. E. Sewall, Chairman of the State Com-
mission on Harbors and Flats ;

Sir,—We have at length arrived at the treatment of Coim
pensation as a separate subject; but we are obliged by ciroum-
stances to take it up in a different manner from that first
intended. It has always been our design to make compensation
the topic of a single treatise, which would contain the general
principles on which this mode of conservation and improvement
is based, and the specific plan by means of which we are to
obtain compensation for the occupation of South Boston Elats.

But circumstances have obliged us to reverse this course of
proceeding. In order to meet the immediate demands of the
time, and to furnish the State Commission on Harbors and
Plats, and to the State legislature, such grounds for immediate
legislative action as our recommendations may be supposed to
furnish, we have laid aside, for the present, that part of our
Report which contains our general theoretical views, and taken
up in its simplest form the practical scheme of compensation.
We must remark, however, that the first part of our treatise is
nearly completed, and we shall apply ourselves at once to its
final preparation, and endeavor to submit to you at an early
period.

In this Report we shall limit ourselves chiefly to the simplest
form of statement. We shall not enter even remotely into
those discussions which have brought us with certainty to our
conclusions. But after pointing out the place of compensation,
we shall describe the practical mode of proceeding, and present
such numerical data as we think you will require to satisfy you
that our conclusions are safe, and rest upon sufficient calcu-
lations.

REPORT.



[Feb.HARBORS AND FLATS.

We begin by saying that our first scheme of compensation
for the encroachment on the tide-waters upon South Boston
Flats is to be found in the removal of flats and marshes in the
Mystic Estuary and River, and in the conversion of the lower
Mystic Pond into a tidal reservoir, and, as incidental to the
Mystic Estuary, in Chelsea Creek. This is our first scheme of
compensation. We call it our first scheme of compensation,
because, as we shall show directly, it is suited to meet and
more than satisfy the demands made by the construction of
what we have called the first section, the limits of which we
have carefully designated. (7th Report, p. 19.) The leading
ideas running through our various discussions concerning the
reclaiming of the South Boston Flats, are—

First. That the walling-in of these flats will be a material
benefit to the main channel of the upper harbor, by preventing
the sudden dispersion and abatement of the tidal streams
flowing between the river basins and the lower harbor.

Second. That since the lower harbor derives a benefit from
the tide-water of these and all other flats, whether within its
own domain or in the upper harbor; so, if these flats are
enci’oached upon without a restoration of the tidal volume at
some other point, a real loss will ensue,—in other words, an
actual reduction of tidal volume must not be suffered to take
place.

Third. And that this double benefit of (a) the improvement
of the main channel, ( b ) the maintenance of the lower harbor,
will be increased and extended, if the tide-water, instead of
being wholly displaced, be, as far as practicable, transferred to
basins above the city; for in this case the activity and contin-
uity of the main channel stream will be improved, and the
utility of the reservoir for the scour of the upper channel will
be enhanced by its removal to a greater distance from the point,
where its work is to be accomplished, (4th Report, pp. 13,14.)

The area of the flats to be enclosed by the entire quay-wall
is nine hundred and sixteen (916) acres; and this area is now
covered by twelve million three hundred and fifty-one thousand
eight hundred and seven (12,351,807) cubic yards of tidal
prism between the planes of mean high and mean low water.
This is the area and contents of the total space to be enclosed.
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The area comprised within the first section, bounded on the
east by a supposed line from Slate Ledge to the South Boston
shore, parallel with the general direction of Fort Point Chan-
nel, is sixteen million one hundred and twenty-five thousand
nine hundred and ninety-three (16,125,993) square feet, on
which area the solid contents of tidal prism are five million
three hundred and seventy-five thousand three hundred and
thirty (6,375,380) cubic yards of tide-water between the
planes of mean high and mean low water. We will confine
ourselves for the present to this first section.

We have consented (7th Report, p. 19,) after the eastern
boundary of the first section was reached by the quay-wall as
far as Slate Ledge, that a certain portion of the space within
it should be redeemed and occupied without being wholly
enclosed,—that is, without the erection of any wall-pile, or
other, from Slate Ledge to the South Boston shore,—provided
the filling is of gravel, or provided that it bo protected by
dykes of gravel if the filling be of mud. We now define the
eastern limit of this portion precisely. It will be bounded on
the east by a line drawn from a point on the quay-wall seven
hundred (700) yards west of Slate Ledge to the South Boston
shore, parallel to the general direction of Fort Point Channel,
which direction will coincide with that of the streets alphabeti-
cally named in South Boston. The space contained within the
limits we,have just described, possesses an area of six million
six hundred and fifty-nine thousand two hundred and forty-
four (6,659,244) square feet, and is covered by a mean tidal
prism of which the solid contents are two million two hundred
and nineteen thousand seven hundred and fifty (2,219,760)
cubic yards.
paving here given the measures of the spae’e on the South

Boston Flats to be reclaimed, and of the tidal volume to be
restored, we turn now to inquire how far our first scheme of
compensation is fitted to satisfy our requirements.

In the Mystic River the reduction of the flats at mean low
water will yield eight hundred and sixty-three thousand four
hundred and eighty-seven (863,487) cubic yards. The
removal of the marshes now overflowed at extreme high water
will add five million six hundred and forty-six thousand six
hundred and ninety-three (5,646,693) cubic yards. The

2



[Feb.HARBORS AND FLATS.

removal of the bulk-head between Medford Bridge and Mystic
Pond will give three hundred and eighty-one thousand three
hundred (381,300) cubic yards. Lastly, the tidal prism of the
Lower Mystic Pond, taken to the depth of eight (8) feet,
together with the necessary enlargement of the channel of
communication, will yield one million nine hundred and forty-
one thousand seven hundred and seventy-seven (1,941,777)
cubic yards. The total amount of water space supplied by the
Mystic and its tributaries, according to the above enumeration,
will be eight million eight hundred and thirty-three thousand
two hundred and fifty-seven (8,833,257) cubic yards. Thus
we see that from the Mystic alone we can obtain more, by
three-fifth, than the volume required by compensation in the
distinct comprised within the first section of our proposed
quay-wall to Slate Ledge.

In Chelsea Creek the reduction of flats to the plane of mean
low water will yield two hundred and sixty-five thousand three
hundred and forty (265,340) cubic yards; and the removal of
available marshes six hundred and forty-five thousand three
hundred and thirty (645,330) cubic yards, making in all nine
hundred and ten thousand six hundred and seventy (910,670)
cubic yards.

In making the foregoing computations we have not regarded
the Commissioners’ lines. If our plans are adopted, these
lines will have to undergo an entire revision. In all other
respects the excavations in Mystic River and in Chelsea Creek
are perfectly admissible, and we shall not stop to make any
comment on them.

Our second scheme of compensation will be complemental to
the first, and will be designed to furnish us with all the
remaining water space required, if the plan of occupation pf
the South Boston Flats should be entirely carried out. This
may be left to the future. To show, however, that we are pre-
pared to meet this exigency, and that we have included in our
calculations all the wants that may arise from the entire fulfil-
ment of the original plan of improvement, we will say that our
second and complemental scheme of compensation is applied to
Charles River, taking in Prison Point Bay. We may acquire
in these districts, by the removal of the flats to the plane of
mean low water, one million two hundred and twenty-nine
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thousand nine hundred and thirty (1,229,930) cubic yards,
Snd by the removal of marshes one million nine hundred and
thirty-six thousand (1,936,000) cubic yards,—a total of three
million one hundred and sixty-live thousand nine hundred and
thirty (3,165,930) cubic yards. In the case of Charles River,
and its adjacent basins, the bridges offer at present too much
obstruction to make this full reduction of the flats and marshes
serviceable. When these bridges, -which now encumber the
mouth of the Charles and distort its bed, are improved by the
introduction of such systematic and uniform construction as
will increase the water-ways and correct the present disorderly
flow of the streams, it will be practicable to make use of the
enlarged tidal prism here described. In the existing state of
things we do not advise any excavations below the half-tide
plane. Having made these few remarks concerning the com-
pensation to be hereafter obtained from the bed and borders of
Charles River, we now return to the strict matter in hand,
which is the compensation for the occupation of the South
Boston Flats to the extent of the first section.

In our computations for the loss of tidal prism by the filling
up of the first section, we have made no allowance for docks,
slips and basins, nor for the reserved belt (7th Report, pp. 20,
21.) The amount of deduction due to these exceptions can-
not be accurately estimated beforehand, because the occupants
of this territory will decide for themselves the size of these
water spaces under such restrictions of form and extent as are
prescribed in the second division of the Seventh Report.

Concerning the reserved belt, we observe that it will not be
necessary to exclude tide-water altogether during the period
that it remains unoccupied. No flow of water between the
main and Fort Point Channels can be suffered to take place,
neither must the mouth of the belt be allowed to remain open
to its full width and depth. But tide-water may be permitted
to enter it over a sill from one of the slips in the main channel.
We can say, positively, that from the amount of the tidal
volume of the first section, as we have given it, one hundred
and seventy-one thousand and sixty-six (171,066) cubic yards
maybe deducted for this belt. We can say, approximately,
that the dock-room may possibly amount to two hundred
thousand (200,000) cubic yards. If these last figures are
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correct, the loss of tidal prism in the first section will be
reduced to about five million (5,000,000) cubic yards. '

We have now arrived at the inquiry as to the plan and the
scale upon which the dredging for compensation shall be
executed. In order that the first object of the enclosure of
South Boston Plats, which is the improvement of the main
channel, may be secured, it is obvious that the excavations for
compensation must be made in accordance with a system sub-
servient to this great object. The following rules must be laid
down and observed ;

First. The flats at the mouths of the Mystic River and
Chelsea Creek, must be removed not only to the plane of low-
water of spring tides, but must be so removed over such a
space as will maintain and continue the present ratio of cross-
section to the volume (then enlarged) of tide-water above; the
dredging below the plane of mean low-water will not be strictly
counted as compensation, because we have not estimated our
tidal prism at the South Boston Flats below that plane. But
under this head we may remark, that unless the present ratio
of cross-section is maintained, we cannot expect to reap the
full benefit from the introduction of tide-water from above.

Second. The dredging of Mystic River and Chelsea Creek
must commence at the mouths of these basins and proceed
upwards, in belts parallel to the channel-ways on both sides.

Third. From the mouth of the Mystic to Malden Bridge, the
dredging will descend to low-water of spring tides ; and here,
also, the space between mean and spring low-waters will not
be counted for compensation.

Fourth. The present width of the low-water under Malden
Bridge will be continued to Ten Hills ; and beyond this up to
Mystic Pond, the channel will be improved in course, width,
and depth.

Fifth. From Malden Bridge to Medford Bridge the flats and
marshes will be taken off to the plane of mean low-water.

Sixth. Only the upper eight (8) feet of the tidal prism of
Mystic Pond can be made useful, as a source of power, to the
main channel of the harbor; the removal of the bulk-head will
be regulated by this consideration.

Seventh. In places where strong tidal drifts prevail, the
dredging will be executed near the time of low-water, and
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during the flood-tide. These places will be pointed out when
the work commences.

Within the harbor proper, greater mechanical advantage is
gained by dredging below the half-tide plane than above it; the
superficial flow being of no benefit to the channels in the imme-
diate neighborhood. (4th Report, pp. 13, 14.) By the first
system of dredging, the working plane of the current is let down.
(7th Report, p. 26.) Again, deepening below the tidal prism
in the harbor proper cannot be admitted as compensation for
the loss of tidal prism elsewhere, because the lower harbor
must be considered.

As the distance from the harbor upwards or inwards
increases, the value of deep dredging diminishes; so that there
are real advantages in having lagoons and basins empty them-
selves entirely. It is a positive advantage to know that the
whole body of water contained in these basins or lagoons is use-
fully employed. The ebb-power to act efficiently upon the main
channel of the harbor must be chiefly exerted during the first
five hours. A negative advantage is, that large volumes of
running water will notissue into the harbor from the river and
upper basins at low water. Although we have said that we did
not intend to enter into argument in this Report—but rather to
pursue the subject didactically—we have permitted ourselves
to point out the application of some of the fundamental princi-
ples laid down in our Fourth Report under the head of currents,

and touched upon again in a somewhat different manner in our
Seventh Report under the head of compensation. We feel au
interest in calling the attention of those who do us the favor to
read our Reports carefully, to the strictly logical connection
between our deductions and our course of action. We will
add yet another word. We do not depend upon the impulse of
the same individual water for the scour through a
long tidal channel; but upon their communicated activity. Let
us illustrate this. A particle of water leaving the upper regions
of the Mystic River may not be sent to Chelsea Bridge during
the entire ebb ; but the fall in these upper regions in which the
motion of the particle first originates, effects the currents off
the Navy Yard in less than half an hour; the motion is com-
municated by impact of particle upon particle to an indefinite
extent. The first fall of one foot in Mystic River will quicken
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the currents of the Lower Light in less than three-quarters of
on hour ; minutely, it may be, but certainly. We call this a
phase of tidal motion. From twelve to sixteen minutes of time
only are required for this tidal phase to travel from Nantasket
Roads to the Navy Yard ; and although the flood and ebb cur-
rents rarely exceed a maximum velocity of one mile per hour,
they commence and cease at these extreme points within the
same half hour. Another idea of a tidal phase may be con-
veyed in the following way. A particle of water leaving the
Navy Yard on the first of the ebb, may not reach half way
to the harbor’s mouth before the occurrence of low-water; yet,
by the action of gravity, the whole body of water in the main
channel is carried seaward as the ocean falls away, till an
amount equal to the whole tidal prism of the harbor, and its
tributaries, passes through the exterior outlet.

Thus, by enlarging the upper basins, we excite greater
activity below; and if this enlargement is made with a due
reference to the amount of power' required, to the period and
the place at which the power will best serve as a reinforcement
—that is, to the manner in which the power is distributed,
depending on time and distance—we shall gain our whole
object. This last sentence comprises a vital part of our scheme
of compensation, and in our next Report we shall endeavor to
expand it, and explain it fully.

It may be inferred from the little we have said, that this
study has required the collection of many data. The time
consumed in gathering these materials can be no matter of
regret in questions so grave and important. We have felt this,
and have resisted all temptations to hasty decisions.

A single word on the increase of velocity, which will arise
from our improvement, may serve to anticipate inquiry and
allay apprehension. The velocity in the thread or axis of the
current, in the strait between Boston and East Boston, as deter-
mined by observations at three stations, is, upon the ebb, at an
average, fifty-five hundredths (0.55) of a mile an hour, and at
its maximum one (1) mile an hour. The whole amount of
mean tide-water occupying the basins, rivers and creeks above
this strait, exceeds at mean high water forty million (40,000,-
000) of cubic yards, and the cross-section in the narrowest part
of the strait is six thousand two hundred and fifty-one and
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eight-tenths (6,251.8) square yards. (See Diagram A.) The
outflow, if accomplished in six hours and at a mean rate, would
have a velocity of about five-tenths (0.5) of a nautical mile an
hour. This is the general average, from side to side and from
top to bottom of the channel, and includes the friction'on the
sides and bed; of course it is less than that given by our
observations taken at stations in the axis of the stream; and
our computed rate is also to be increased by river outflow.

After we have enlarged the tidal capacities of the rivers and
basins above the city to the extreme limits proposed, the aver-
age current in this strait on the ebb will be increased to six
tenths (0.6) of a mile; and the maximum velocity of ordinary
tidal currents in the thread of the stream will be one and two-
tenths (1.2) nautical miles an hour. The current will still be
feeble, compared with that of the deeper anchorage ground in,
most other harbors. In the forthcoming Report we may dwell
upon this matter more critically, and show, by means of a com
parative table, that Boston Harbor, when contrasted with some
other ports, may be said to be traversed by tidal drifts of a very
feeble character.

In our Third Report, designated as a Special Report on the
relation of Mystic Pond and River to Boston Harbor, wo con-
template the probability—even then at the commencement of
our physical surveys—of the Lower Mystic Pond being made
serviceable as source of tidal power; and under the head of
Mystic Pond as a Reservoir, we treat the subject at some
length. (Special Report, pp. 47 el seq.~) Our conclusion, at
that early period of our studies', was, “ that Mystic Lower Pond
may be converted into a reservoir with advantage to the chan-
nels of the river and harbor.” ( Ibid, p. 61.)

When we next take up the subject, we will enter into a fuller
discussion of the value of Mystic Pond as a reservoir ; we will
give the form of the tide-wave to be introduced into it; and
the character and the amount of the mechanical effects of this
wave.

A series of Tables and Diagrams, prepared by Mr. Boschke'
for our use from his minute surveys, are appended to this
Report. These are the sources from which we have drawn all
our numerical data, except those relating to the upper Mystic
River and Mystic Pond. Our surveys have not yet,extended
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above Medford Bridge, and the expressions for the tidal
volumes beyond this line are approximate only.

It is indispensable that a survey of Mystic Pond and River,
down to Medford Bridge, should be made as so'on as the season
will permit.

With our last sentence we concluded all that we have*to say
at present'on our practical scheme of compensation and resti-
tution for the water area to be occupied and consumed by the
improvement on the South Boston Flats. We have now a pro-
position to offer, which has been matured by careful considera-
ation and reflection of all the members of the Commission,
including the late lamented General Totten. We have pro-
pounded, it will be observed, a system of dredging. This sys-
tem points out the sites at which the dredging is to take place;
it defines the order in which those sites are to be approached;
and it specifies more or less definitely the amount which these
several sites are to yield. Our system is based on our previous
investigations, and is guided by rules which those investigations
have developed and discovered. These rules take into view
the relative distances of these sites from each other and from
the main channels; the epochs and phases of the tides; the
place and quantity of work in each case; and the precise man-
ner, as near as may be, in which all the new forces thus set in
motion can be made to combine harmoniously, and without
mutual interference, to produce a material apd profitable
increase of tidal capacity in the upper basins, and consequently
of tidal power in the lower channels. Our system is the very
opposite of desultory. On the contrary, it is designed to be
regular, methodical and mutually dependent in all its branches;
iff short, a system of counterparts. And, since we are aiming
at a great object, we trust that we shall be pardoned for saying
that we are anxious and vigilant in regard to this system; that
it would cause us great distress to see it neglected or violated;
'that it forms so essential a dependence, both in reasoning and
in practice, of our idea of improvement on the one hand, and
of our obligation to conduct this .improvement without injury
to the harbor on the other, that, if it were to be materially
departed from, or only partially executed, we should regret

Funded Compensation,
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having ever entered upon our present labors, and should feel
ourselves discharged from all responsibility with regard to their
results, and excluded from all participation in an undertaking
which, under such circumstances, would, in our opinion, prove
a failure.

The value, coherency and reciprocal relation of our double
scheme of improvement and compensation will appear more
fully in our next Report. But we submit our proposition here,
in order that it may be the longer time under consideration. Our
proposition is, that, henceforth, no individuals shall be allowed
to reclaim or encroach upon any tide-water whatever belonging
to the Commonwealth, without compensation, and that they be
in no instance allowed to execute this compensation themselves.
It is unnecessary to dwell upon the disposition to do such work
in a careless and slovenly way; or to select isolated spots in
collusion with parties having particular interests to serve. The
point which we make, and wouki'enforce in'this matter, is this :

that under no conceivable restraints of rule, of law, or of
inspection, could compensation be given by individuals in
accordance with, and in continuance of, a gciferal plan, without
injustice to such individuals, and without such inequality of
burden, as would be intolerable. But in truth, if compensa-
tion is left to individuals, parties, or corporations, then when
the most easy dredging lias been performed, the work would be
likely to cease entirely, and the success of the great scheme
would be jeopardized. We therefore propose, and strongly
urge, that all compensation by dredging be made by the State,
and under the authority and supervision of its. Harbor Com-
missioners : and that the compensation, exacted from the par-
ties who are to occupy the Water space, be made in money.
We further propose, that the State Commission be instructed
that, after estimating the cost of the excavation and dredging
according to the scheme laid down in this Report, and to an
extent corresponding to the occupation of the first section of
South Boston Plats, and after making suitable allowance for
the value of the material collected, it shall establish a mean
rate per cubic yard to be paid by all those who may hereafter
encroach upon the present tide-water of Boston Harbor, either
upon South Boston Flats, or elsewhere. And we propose, that

3
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the money so collected shall constitute a “ Compensation
Pond,” to be employed and expended by the State Commission
in the manner herein before described.

We have]the honor to be,
Very respectfully,-

Your most obedient servants,

A. D. BACHE,
Superintendent U. S. Coast Survey.

C. H. DAVIS,
Rear-Admiral and Chief of Bureau of Navigation.

RICH’D DELAFIELD,
Brigadier-General and Chief Engineer U. S. A.

Note.—The idea of using the Lower Mystic Pond as a
Reservoir was first conveyed to the public in December, 1860,
in our Third or Special Report, three years before General
Totten’s death. The general outline of this our first scheme
of compensation was prepared before his last sickness, and in
one or two of its main features may be said to have originated
witli him. The final elaboration of the plan is our own, but
there is nothing in it at variance with the views and opinions
lie constantly expressed to his associates. This statement is
due to his memory, and it is gratifying to us to be able to
make it.


