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and value. The Commonwealth, as well as the city of Boston, 
which procured the services of the United States Commis- 

. sioners, is under the highest obligation to them for their labo
rious examination and masterly treatment of the very intricate 
and difficult question presented for their consideration.

S. E. SEWALL,
GEO. B. UPTON,
M. D. ROSS,

Commissioners on Harbors and Flats.
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S i r ,— In behalf of the United States Commission on Boston 
Harbor, and with the consent of His Honor the Mayor, I have 
the pleasure to transmit to you a copy of the Commissioners’ 
Tenth Report on Boston Harbor.

I have the honor to be, very respectfully,
Your most obedient servant,

C. H. DAYIS, 
Rear-Admiral, Commissioner.

Hon. S. E . S e w  a l l , Chairman Massachusetts Slate Commis
sioners on Harbors and Flats, Boston.



I N T R O D U C T I O N .

The following paper has been prepared under the conviction 
that it would be the Pinal Report upon the physical survey of 
the upper harbor— at least of the present series. Such being 
our impression, we have allowed ourselves the utmost latitude 
of inquiry and discussion. We have aimed to present our 
general views on the subject of tidal harbors with such distinc
tions and definitions as are necessary to illustrate those views; 
and after having announced our conclusions in the form of 
general principles, we have arrived at the application of these 
principles to the special case in hand, as far as consistent. In 
doing this, we go over some of the ground that we have touched 
upon in our previous Reports. We believe, however, that this 
course involves no useless repetitions. Besides the advantage 
of the comprehensiveness of the view, we have not taken up 
any of our old topics, except to enlarge upon them, or to point 
out more distinctly their common relation. These remarks 
will relieve us from the necessity of making any further 
apology for the length and amplitude of this Report.

The United States Commissioners on Boston Harbor have 
been engaged upwards of six years in studying the conditions 
of this port— the causes of its deterioration, the means of 
removing these causes or cancelling their effects, and of repair
ing, if possible, the evils already inflicted.
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P A E T  F I E  S T.

§ 1. In studying the causes of decline in any tidal harbor, 
we naturally begin with the inquiry as to the conditions on 
which the port originally depended for its depth of water or 
other qualifications, and as to how these conditions have been 
impaired. These pertinent inquiries, we soon discover, are not 
to be answered from a study of the special case ; and we are 
led back to a more general inquiry into the conditions on which 
all good tidal harbors depend. In the examination of no one 
harbor are we able to determine with certainty its whole natural 
scheme ; it is only by comparing repeated surveys in many 
different ports that we are able to eliminate accidental features, 
and grasp at a few essentials common to all, so that we may 
declare that this or that condition is a requisite.

We may divide into two classes the tidal harbors of our 
coast, under the titles of inlets and arms o f  the sea; the former, 
occurring in alluvial regions, are usually barred by the action 
of the ocean waves ; while the latter, occurring in rocky or less 
yielding shoi’es, have a free access from the sea. Both of these 
classes are subject to interior obstructions from accumulations 
of sands or other deposits, and present in their sheltered por
tions similar characteristics. They differ in the amount of 
material supplied for shoal formation, but they agree in their 
dependence upon the working power of currents for the main
tenance of their principal avenues. When these currents are 
absent or feeble of action, tidal harbors are subject to a decline 
of depth from accumulations of material brought into them by 
land waters or by the wear of their shores.

Although a multitude of considerations have been weighed 
by the interests of commerce in the selection of the most advan
tageous sites for its depots, chief among them have been the 
necessity of adequate depth of water, ample and protected
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anchorage basins, bold wharf frontage, and an unobstructed 
communication with the sea. In the channels of harbors 
possessing these qualifications, we find the depths maintained 
by the scour of effective currents, either those of backwater or 
those of the tide, or of both combined. A good harbor, then, 
is dependent upon the outflow of a river, or upon interior 
reservoirs visited by the tides, which create strong drifts along 
the avenues of communication. These avenues are the drains 
or channels of supply for the interior, and their sectional areas 
depend, in yielding soil, upon the amount of service they are 
called upon to perform.

Before we enter upon the nature of the two sources of power 
to which we have referred, we must pause to inquire in what 
manner currents act upon the beds and borders of channels, 
and under what conditions the least waste of this power occurs.

§ 2. We may divide into two classes the materials which 
are prone to encumber’ a channel— the rolling and the sus
pended. The rolling materials— such as sands— are slowly 
transported from point to point, their rate of travel being in an 
exceedingly small ratio to the velocity of the stream. Sus
pended matter, whether earthy or vegetable, is, on the other 
hand, carried forward with nearly the full velocity of the 
current in which it swims. Rolling material accumulates 
at the points where the alternate drifts, however strong, are 
equal and opposite, and also where the currents grow feeble. 
Suspended matter finds no resting place, except when and 
where the stream slackens. In 'channels traversed by strong 
tidal currents, even when these alternate drifts are equal and 
opposite, muds are not apt to accumulate rapidly if the periods 
of slack water are of short duration. The suspended matter 
moves up or down the channel with each tide, finding no rest 
till it works into sheltered coves, or into the more broken and 
tardy drifts along shore. To keep the channel of a tidal harbor 
clear, then, of both these classes of deposits, it is not only 
necessary that the current should have sufficient working 
power, hut that the forces, considered ak grouped for a tidal 
day, should have a resultant.

Now let us inquire under what circumstances the currents of 
a tidal harbor have a resultant. For the sake of separate dis-
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cussion, we shall state three conditions under which a resultant 
scouring force naturally appears.

First.— When backwater reinforces the ebb current, giving 
to it a predominance over the flood.

Second.— When the paths of the ebb and flood currents differ 
in direction or in width.

Third.— When the acquired velocities of the two currents 
are unequal at any point.

§ 8. First— Backwater.— The word backwater is to be 
found in nearly all the reports on harbor improvements that 
have come to our knowledge, and it has been used with so much 
latitude that it will be necessary for us to define it strictly before 
we can proceed with this discussion. Backwater is simply land 
water,— the fresh water supply.

Prom the second report of the commissioners on the tidal 
harbors of England, page 486, we will quote the remarks made 
upon backwater by Charles Labelye, C. E., in his Report to 
“  The Right Worshipful the Mayor, Aldermen, and Common 
Council of the Corporation of Yarmouth in the County of 
Norfolk,”  dated 1747.

“  The next caution which I  think my duty obliges me to give is to 
prevent by proper information, some persons confounding or mistaking 
what are properly the backwaters o f Yarmouth Haven with what are 
not so. T o  avoid this, it must be observed that in all such parts of the 
rivers or streams where the tide never reaches, all the water that runs 
down may be looked upon as landwaters, or backwaters ; but in any place 
where the tides are felt, what can properly be called landwaters or back
waters is only the overplus by which the water that passes or runs down 
in the ebb towards the sea exceeds the quantity o f waters that passed or 
were forced up during the preceding flood.”

The above extract accords with our views ; it covers the 
whole meaning of the term backwater as we use it, and fur
nishes a correct measure of this élément. If we desire only to 
know the speed or force of the river at any particular point, we 
should adopt the following rule : The river current is half the 
difference between the observed inflow and outflow at equal 
heights o f  flood and ebb tide. More nearly still, the rate of 
river current may be calculated by taking the mean o f quarter
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hourly observations continued through an entire tidal day, after 
distinguishing by different signs the outflow from the inflow. 
By this method the tide is eliminated, and the result is the 
hourly velocity of the river.

In the harbor of Yarmouth, to which Mr. Labelye refers, the 
most effective scour is executed about the time of low water, 
because then the flats run dry and the current is confined to 
the narrow limits of the channel. It was this greater value of 
the low water outflow that probably first suggested the idea of 
reserving the waters of the ebb till the last of the tide by sluice 
gates.

The value of backwater is enhanced by mingling with tidal 
drifts. For instance, if the river current, strictly speaking, has 
a velocity of but three-tenths of a mile per hour, it is by itself 
insufficient in power to roll a grain of sand upon the bottom, 
but united to a tidal current of the same velocity it gains this 
power; it increases the rate of the outflow to six-tenths of a 
mile, and -wholly destroys the inflow, so that the grain of sand 
will finally be carried into the ocean.

Suspended matter brought down by a river would be depos
ited, on reaching a broader and deeper basin, where the river 
current slackens, were it not that the tidal drifts keep it moving 
till it is carried to sea or disposed of in the coves or angles on 
either side of the channel ways. We do not, by any means, 
concur with those British writers who regard the natural tidal 
drifts as inoperative; we give to these drifts, especially in such 
a harbor as Boston, which is fed by feeble land streams, a very 
important place.

In our “  Special Report on the Relations of Mystic Pond and 
River to Boston Harbor,”  page 18, we expressed very much the 
same views, regarding the service of tidal currents that we have 
given above, and illustrated them by instances from actual 
observations. There are, we contend, no arguments to be 
offered against the utility of the tide as a co-operative element; 
but we do allow, that in any harbor the point or locality at 
which this co-operation naturally takes place, may not be the 
most advantageous for the commercial wants of a community. 
The early settlers, using small craft, chose for their depots 
points further up the streams than is now convenient,— the 
“  head of navigation ”  has moved down nearer the sea in many 

2
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of our ports and rivers, and instances occur where it has now 
become desirable, by artificial means, to carry tide-water higher 
up, so that it and the river current may execute their co-part
nership work at a place more convenient for the requirements 
of shipping.

§ 4. Second— Tidal Paths.— The flood and ebb tidal cur
rents do not necessarily pursue the same paths; indeed, we 
may go further, and say that we know of no observations made 
in alluvial harbors where at any point these two drifts have 
been found to be exact counterparts in velocity, depth of flow, 
width and direction.

Aside from any intrinsic differences between the ebb and flood 
drifts, the fact that they approach a certain point from opposite 
directions, after having undergone different modifications, 
might lead us to expect some contrasts of character. For 
instance, if a sudden contraction occurs in a channel, the flood 
reaches its greatest convergence some distance above this place, 
while the ebb is similarly converged below the same place. 
Both streams before reaching the contraction, have been, per
haps, quite feeble, being spread over the whole width of the 
water ways of extensive basins or bays, but each in passing the 
contraction acquires a greater velocity, which it retains in some 
degree as it crosses the basin beyond. Below the contraction a 
point will be found where the path of the ebb is much narrower 
than that of the flood, and above the contraction nearly the 
opposite relation will hold. The form of the bottom is in 
accordance with the action we have described; deep water is 
found not only in the contraction but for some distance above 
and below. I f  the currents are wholly tidal we may expect 
nearly as much indication of scour above as below the contrac
tion ; but the least admixture of backwater places the principal 
depths below, because the scour or flood is diminished, and that 
of ebb increased. We can scarcely point to an instance where 
the depths below a contraction are not greater than those above, 
except when the waves of the sea are encountered by the 
outflow. Perhaps the Castle Island Narrows illustrate our 
meaning as well as any instance we can cite.

We cannot expect in any case that the approaches to a eon- . 
traction from either side will be precisely similar, and, there-
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fore, the effect of flood and ebb have an inevitable contrast. 
The case of the tidal currents of an estuary is one in point. 
The flood moves up in a moderate but broad stream, pressing 
along the shores, while the ebb returns to the sea in a narrower 
and more rapid stream. It thus occurs that in the middle of 
the estuary the ebb, even without the aid of backwater, has a 
predominant power. Delaware Bay, with its marginal shoals 
and central channel, illustrates our view, as well as the great 
bay between Long Island and New Jersey. The flood which 
approaches New York Harbor presses into the bight between 
the coasts of New Jersey and Long Island with a force nearly 
uniform from side to side, while the ebb comes forth a narrow 
stream scarcely felt along the shores, but so strong along the 
axis of the bight that it has worn a track in the bottom of the 
sea for miles, as the chart of the Coast Survey shows. Along 
the shores of Sandy Hook and Coney Island the flood, prevail
ing, gives resultants which scour out the false hook and Coney 
Island channels, while midway between these shores the ebb, 
prevailing, scours out the channel over the bar. Between 
districts of ebb scour and flood scour are regions of shallow 
neutral ground which are traversed by drifts that have no 
resultant.

An obstacle in the path of the stream, an island, a group of 
rocks, or an immovable shoal, will deflect the ebb and the flood 
currents differently, because it does not offer to the downward 
stream the same angular resistance as to the upward. It often 
happens that an obstacle will turn the flood and ebb streams to 
different sides. In Boston Harbor, the Lower Middle, a rocky 
shoal, lies between two deep channels, in the more northern of 
which the resultant takes the direction of flood, while in the 
other the ebb prevails. Harbors that are divided by permanent 
obstacles are usually better than those having but one avenue, 
because circulation is kept up,— that is, the outflow is not at 
any point the exact reverse of the inflow. Narraganset Bay, 
with its several avenues, is very deep ; New York Harbor, and 
the Lower Harbor of Boston, for similar reasons, possess good 
channels.

§ 5. Third— Acquired Velocities.— We have often had occa
sion, in former Reports, to illustrate the flow of tidal currents
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by referring to the inclined surfaces of the water, and to speak 
of them as coursing down from a higher to a lower level. In 
a general way we may represent the flood and ebb as pouring 
down inclined planes whose dips are respectively landward and 
seaward ; the foot of the flood plane being at the head of a 
harbor, and the foot of the ebb plane being at some point in the 
sea just beyond the harbor’s mouth. Now we may consider 
the head of the harbor as invariably the foot of the flood plane, 
whether spring or neap tides obtain, and the foot of the ebb 
plane suffers but a small alteration of position for different 
tides ; but the current of ebb, unlike the flood, does not cease 
at the foot of its tidal plane, but with acquired velocity it pre
vails further seaward. At springs the ebb current must neces
sarily extend further seaward than at neaps. Were it not for 
the waves of the sea the ebb current of sandy harbois would 
have the power to carry material some distance from the coast 
and deposit it gradually over so large an area of deep water 
that it would be essentially lost. But waves not only break up 
the ebb suddenly, so as to compel it to throw down at once 
large masses of material at the very entrance of the harbor, 
but they frequently force the sand of the coast into the harbor 
itself, and fill up the basins. This action has been a great 
source of trouble in English harbors, and in many of our own 
inlet and lake harbors.

These inclined planes of ebb and flood intersect each other 
in any straight tidal channel, and consequently a region of no 
scour occurs, because the currents at this intersection are equal 
and opposite. On the swashes of North Carolina, between the 
inlets and the sound, Mr. Mitchell reports having ascertained 
that the inner bars, or “  bulkheads,”  occur at intersections of 
the inclined tidal planes, where the currents, though violent, 
keep the sand agitated without any ultimate removal. The 
flood current predominates in that portion of the channel lying 
between the bulkhead and the sound ; but in that part of the 
channel seaward of the bulkhead the ebb predominates. The 
acquired velocity of the flood determines the direction of the 
scour on the sound side of the swash, while the acquired 
velocity of the ebb does the same along the seaward slope.

These regions of neutral scour occur usually in rapid por
tions of the current paths. But if, happily, at such points
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there are islands or other obstacles which give different sheers 
to the two currents, the intersection does not actually take 
place, because the paths are separated ; and in such neighbor
hoods good channels are found. Even the shoal formed at the 
intersection, by the drifting in of sand, sometimes reacts and 
divides the ebb and flood drifts so as to suffer imperfect chan
nels and slueways to be formed; at the swash bar or bulkhead 
of Oregon Inlet, North Carolina, two very narrow slueways are 
found,— one the path of the- flood, the other that of the ebb. 
Far, then, from advocating the confinement of both ebb and 
flood to the same channel at all points, we particularly insist 
that an island properly situated in the harbor may produce the 
best results. And here we desire to say, with earnestness and 
emphasis, that the islands of Boston Harbor are essential to the 
preservation of the channels, by rightly directing the flood and 
and ebb drifts. It is not alone as breakwaters, protecting the 
port from the sweep of the ocean, that their value appears. I f  
these island are allowed to waste away, even if they are allowed 
to change their forms at the water line, under the action of the 
waves or otherwise, the channels will suffer a double injury.

It is not strictly correct to regard the flood and ebb as two 
inclined planes, because, in most harbors, the face of the 
waters, at half-tide for instance, is a multiplicity of curved sur
faces. Each creek or arm of the sea presents its peculiar dip
ping surface; at contractions the dip is moderate above, and 
sudden below, and in basins it approaches the horizontal. In 
the main channel the flood surfaces are less complex than the 
ebb, because the ebb brings down with it from the creeks and 
rivers peculiar forms, peculiar heads, and directions of flow. 
The troubles occurring in the main channels, the counter-cur
rents and rips, are usually during ebb tide. How important it 
is, then, that the minor streams should be united and assimil
ated above the harbor proper, or the anchorage basin, in order 
that the ebb may not leave the traces of disorder, its burdens 
of mud, etc., in the more valuable water ways. In the same 
report on Wexford referred to above, Captain Washington 
especially commends the opinion that “  the tidal reservoir 
should be looked for in the upper part of the river,”  meaning 
above the port. The same opinion has been expressed by us 
in our former Reports. We cite important cases liko that of
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Wexford, because they present parallel circumstances and 
parallel reasonings with our own.

§ 6. To the three conditions under which the currents of a 
tidal harbor have a resultant power, we may add the general 
statement from our Fourth Report, page 16 :—

“  The ebb, though inclined to be superficial in harbors, is usually the 
stronger current, not only because it is reinforced by land waters, but 
because it is itself concentrative. It is especially noticeable in all shal
low bays, that the ebb is concentrative, while the flood  is dispersive. 
Although the rise and the fall o f the tide are reciprocals, the currents 
which they engender are dissimilar in character. Since the tidal wave 
travels most rapidly in deep water, there is, on the fall, a sloping towards 
the channels from all directions, and consequently a flowing in towards 
certain main avenues. On the other hand, during the rise of the tide 
the water gains in height more rapidly in the channel, and a flow takes 
place from the deeper towards the more shallow water. W e may 
assume, then, that the ebb has the greater mechanical power, for it is 
able, by concentrating its force, to overcome the friction o f sands, etc., 
and accomplish work to which the flood would be unequal.”

The tendency of the flood current to expand, not only 
disposes it to release any burden of suspended matter it may 
bear, but induces a shoreward motion of the sands, &c., upon 
the bottom. In an article on “  The law of Deposit of the 
Flood Tide,”  (Smithsonian Contributions, 1852,) occurs the 
following remark: “  These currents, (flood drifts,) though

■ generally appearing to run along the land on the external sea 
border, do actually press in towards the shore. When running 
round sharply turning headlands, they may be deflected for a 
moment; but the inward pressure from the sea soon carries 
them back to the coast. In like manner, the ebb tide falls off 
from  the shore.”  The same article furnishes evidence of the 
shoreward tendency of sinking and floating bodies, by reason 
of this pressing in of the flood current. Having considered 
the cases in which a resultant scour is naturally produced, we 
have now to say a word upon the artificial production of a 
resultant power, which brings us to the subject of sluicing.

§ 7. Sluicing.— In the process of sluicing, a resultant sea
ward power is artificially given to the outflow in the channel-
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way. The flood is allowed to come into the harbor in its 
natural way, and to flow through open gates into banks or 
basins. At high water these gates are closed, and not reopened 
till the tide has fallen so as to leave no water in the harbor 
except along the principal channel-way. When the sluice is 
opened, the water from the artificial reservoirs is guided 
directly to the spot where scour is desired. By this confine
ment of its working district, nearly all the seaward water is 
made effectual. In the case of the natural ebb, the work is 
small during the first and last hours, because the velocities are 
unequal to the rolling of sand, but by the reserving process 
even those portions of the ebb are made useful.

From the very nature of the sluicing process it may be seen 
that its efficacy depends entirely upon a close proximity of the 
working point to the source of power. It has been used with 
success only in the smallest artificial harbors, where the bars to 
be removed have been scarcelya quarter of a mile distant from 
the sluice gates. Even in miniature harbors sluices have not 
always been successful. On page 24 of our Special Report on 
Mystic Pond, we cited a case where, in the attempt to supplant 
the natural tidal reservoirs by sluicing basins,.the harbor of 
Dunkirk has been essentially ruined.

In Appendix A, page 80, of the 2d Report of British Har
bor Commission, we find in the report of Joseph Hume, Com
missioner, the following:—

“  I  would here call attention to the question, whether reservoirs and 
sluices for tidal waters answer the purpose o f scouring and keeping the 
channel of harbors deep. A t Wells, where the harbor deteriorated by 
the embankments, a sluice was erected in 1738, and was repaired in 
1765, and at subsequent periods, but it does not appear that any perma
nent depth o f channel was derived from it. A t present there is no 
sluice.

“  Mr. Hodskinsen considered sluices o f little use to keep a harbor 
clear, in comparison with the free flux and reflux o f tidal waters; and 
in the case of Wells, he stated, that they could not, in any perceptible 
degree, make amends for the loss o f  the backwater shut out by the 
embankments.

“  The opinion I  have formed o f the effect o f  sluices at Shoreham 
Harbor, at Dover, and other places I  have visited, is, that they are o f 
little or ho use, except as causing deeper water immediately beyond the
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spot where erected, and thus they generally make only deep holes with 
banks o f earth and sand raised beyond them.

“ A t Wells, I  think the sluices must have ¡hastened the accumulation 
o f  soil in the east ijiarslies, by allowing the deposition o f mud where the 
water was confined and stagnant for so many hours o f each tide, and 
thereby actually did injury.

“  Mr. Smeaton states that the sluices, as long as they were in good 
order, kept the channel deep ; but it is evident that all the while the 
pool and channel, at some distance below the sluice, were gradually 
filling up, and there is no evidence that the sluices were of any utility, 
except in their immediate vicinity.”

Before we dismiss this branch of our subject, we must add 
the following general views upon scour, its mode of action and 
its effects, which are the results of our study and observation.

§ 8. Fluids are distinguished from solids by the freedom of 
their atoms and particles. An aggregation of fluid particles, 
when unconstrained, will never act as a u n it; if we speak of a 
unit in relation to a fluid, we refer only to an ultimate particle. 
It is not so with solids, whose atoms may be aggregated to any 
extent, and the mass be still characterized as a unit.

The friction of water flowing along the bed of a channel is 
independent of the weight of the superincumbent mass. This 
physical fact is stated by D’Aubuisson and Weisbach as an 
induction from experience ; it might have been foreseen from 
the.very nature of fluids.

Scour is a frictional action, which running water exerts upon 
its bed ; aiid varies in amount with the squares of the veloci
ties. Torrents and brooks are often turbid in the same coun
tries where the quiet waters of great rivers are clear. The 
amount of sediment brought into harbors by creeks and guzzles 
is out of all proportion with that which is yielded by the larger 
feeders, simply because the velocities of the former are greater.

The particles in central portions of the cross sections take no 
part in the scour, except in so far as they act as mediums for 
the transmission of motion by impact. The depth to which 
the motion descends, is found to depend upon the altitude of 
the head or constant pressure under certain circumstances. In 
streams flowing through contractions, it has been observed that 
particles at great depth are called upon to aid in the restoration
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of .equilibrium. The least accumulation of head will cause the 
moving stratum to deepen; the depressions of all alluvial chan
nel beds at contractions betoken this action.

Since scour is the office of those particles only which come 
actually in contact with the bottom and sides of the channel, 
the increase of scour is in very small proportion to the increase 
of volume which the channel may be called upon to convey; it 
follows also that the volume of water traversing a channel may 
be greatly increased without any considerable augmentation of 
depth or section, unless, as in freshets, it is forced upon the sides 
of the channel.

It has been observed by engineers, and made the subject of 
much comment, that during floods the heights of the waters in 
the lower trunks of rivers are increased in but very small_pro- 
portions to those of the tributaries, even when the sections of 
the recipient streams are no greater than those of the affluents, 
and vice versa, in - the written history of rivers as far back as 
the letters of Pliny, the testimony appears that lateral sluices 
or outlets in the banks do not successfully reduce the height of 
rivers when swollen by floods.* Father Castelli, Guglielmini, 
Paul Frisi and Eustace Manfredi, furnished from observations 
on the Italian rivers,- abundant proof of the general accuracy 
of these statements; but as far as we can learn, offer in their 
works no explanation of these paradoxes. •

From our own observations upon tidal streams, where the 
influence of the slope of the bed is eliminated, we have per
ceived that the head accumulates during the time that is con
sumed by the current in acquiring velocity, but after this period 
of time, (which we also represent by distance,') the head becomes 
constant and even declines, and is finally, in great measure, lost 
in horizontal motion. In the same way we should explain the 
action of river freshes. In the upper reaches of the stream 
motion is being acquired, but not fast enough to consume the 
supply ; in the lower reaches, nearly the full speed requisite to 
consume the unusual supply is attained, and the existing eleva
tion is only that amount due to local friction.

§ 9. Most of the phenomena connected with the elevations 
of running water are effects of its inertia. Friction (strictly

* The Mississippi presents a remarkable example of these phenomena.
3
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such) is but a small element of retard to the flow, even upon 
the bed of a torrent; and the friction of water upon water is 
so nearly infinitesimal that it has never been measured, and never 
need be for any practical gain which the knowledge would afford 
us. The waters of several rapid rivers, like the Orinoco and 
Mississippi, flow far out to sea, so that the mariner detects them 
by their color and freshness, while the continent is yet hidden 
from view. Could we find a better illustration of the magnitude 
of the elements of inerta upon the one hand, or of the insigni
ficance of that of friction upon the other ? We shall offer in 
the second part of this Report some numerical measures of 
inerta when we come to speak of angular resistances among the 
Charles River bridges.

An addition of volume made to a stream does not necessarily 
demand immediate enlargement of section provided the veloci
ties which the drainage would acquire are not excessive; but 
the very fact that such an addition does augment the velocities, 
must certainly lead us to expect the evidences of increased 
scour in the due course of time, for, in proportion to the 
increase of velocity, is increased also the number of laboring 
particles on the channel bed in any given period; but their 
labors are feeble, and become palpable only after considerable 
lapse of time.

The readiness with which flowing water submits to a diminu
tion of its section, and the promptness with which it makes up 
for loss of channel capacity by increase of velocity, has given 
rise to the conception that the water arrested by the friction of 
the bed forms a film within which the central stream pours on 
almost without retard. There is enough of truth in this con
ception to warrant our referring to it. It is true of a straight 
river, which has reached a permanent stage, that its axis or 
thread of flow is usually at or very near the surface, and mid
way between the two banks ; and that, as we approach the bed, 
we find these velocities diminishing, at first slowly and at last 
very rapidly, about in the order of the sines; or, to speak yet 
more critically, varying according to a parabolic curve.*

* See Humphrey and Abbott’ s Report on Mississippi River.
Similar facts to those given in the preceding section are to be found derived 

in part from the same sources, in an article entitled “ A  Scientific Account of 
the Inner Harbor of Boston.”— Memoirs o f the American Academy o f  Arts and 
Sciences. New Series, 1853, Yol. 5.
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The surface of the earth abounds in traces of the scouring 
and transporting action of running water, but these traces indi
cate persistent rather than vigorous efforts— time is the largest 
element.

§ 10. 'Basins and Reservoirs.-—If a river or tidal stream 
flows into a broad basin where its velocity is lessened, a deposit 
of its sediment takes place ; it is more or less purged of its 
muds and foreign matter of all kinds. We might illustrate 
this statement by many instances. The Hudson, flowing into 
the broad harbor of New YorkT .deposits its sediment upon the 
Jersey Flats, in Gowanus Bay and elsewhere, so that the outflow 
of the Narrows is comparatively clear and free. The rivers of 
North Carolina, which are so impregnated with muds that they 
have a brown or yellow hue, are so purified after spreading out 
upon Pamlico Sound that during the ebb at Hatteras Inlet, the 
principal avenue to the sea, the current is so clear that bottom 
may be seen in deep water. The Alabama, leaving its muds on 
crossing Mobile Bay, scarcely gives a tint to the ocean beyond 
Sand Island Light at the bay inlet. The Mississippi River 
having few basins— remarkable, in fact, for its uniformity of 
width— discolors the sea for miles beyond its mouth. To illus
trate the same in miniature, we may refer to the banks or 
wells made from point to point in the sewers in many of our 
cities, so as to catch the sediments. To be sure, these banks 
gather only the heavier matter— sand, &c.— because they are 
of so small extent; but the principle is the same. A  sudden 
expansion of the section causes the waters of the drain to 
slacken, and deposit a portion of its burden before proceeding 
further.

The value of a basin is not confined to its service as a trap 
or receptacle for sediments; but, in connection with this, it 
may serve a valuable use as a reservoir for river and tidal 
waters, giving order to velocities and epochs. Rivers are sub
ject to unequal discharges of their waters ; they yield but little 
in the dry season, but they may become torrents after long 
rains. A harbor which has extensive basins above it, into 
which the land waters flow, is furnished with a compensating 
or regulating arrangement, by which the stream which passes 
through the anchorage below is maintained in some degree of



20 BOSTON HABBOR. [May,

uniformity and unity of flowage. Such reservoirs are especially 
useful whore the land streams have a considerable decline and 
flow from clay countries.

In the case of rivers whose beds lie above the level of the 
sea, and whose waters flow into a tidal harbor, a basin serves 
the purpose of regulating the epochs. If such rivers run 
directly to the sea without any enlargement, there will be 
through the whole period of flood slack water and rips, which 
wrould cause bars to form at several different points; but if they 
fall into an extensive basin, they are stored up there during 
the flood, and reserve their powers for assisting .the scour of 
the ebb.* The flood current in the avenue below is not so 
strong, of course, as it would be without the resistance of the 
accumulating backwater; but it is steady, slacking only on 
entering the basin. The basin becomes a balance wheel to the 
physical forces o f the harbor.

A reservoir, by accumulating and discharging large bodies of 
tide and backwater, quickens the drifts through the channels 
below, and maintains through the main arteries of the harbor, 
a good depth of water, not only by positive action in the scour 
of the bottom, but also by denying to the suspended muds 
which escape from the reservoir, any opportunity to settle till 
they find their way— as in course of time they will— into the 
less agitated coves and shelters along shore.

§ 11. To sum the matter up briefly: we find a threefold 
advantage in a reservoir, situated above a seaport.

1. It is a grand receptacle for the sedimentary deposits of 
land streams, and a resting place for a portion of the material 
scoured from the harbor channels.

2. It performs a compensating office to the irregular drain
age of river and tide waters, giving order to the epochs.

3. By accumulating the land water*during the flood, and by 
accommodating large volumes of tide, it quickens the ebb in 
the harbor channels, thus maintaining its scouring and carry
ing power.

In our special report on the Mystic we gave numerous quota
tions from the reports of the British Tidal Harbor Commis-

* The tide acts as a dam to the backwater.
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sioners, showing that they fully sustained our views in respect 
to the general importance of an interior reservoir. But we 
have not derived from them any suggestions concerning the 
situation and forms of reservoirs ; they treated of their capacity 
only. The situation and forms, however, are essential points 
of discussion— indeed, this follows as a corollary to the propo
sitions we have just stated.

When we are called upon to choose the position for ah arti
ficial reservoir above a port, we inquire at the outset whether 
it is to receive river waters only, tide waters only, or both river 
and tide water. Because we should place a fresh-water reser
voir as high as circumstances would admit, and a tidal reservoir 
above, but in as close proximity to the port as possible.

We should wish to place the river reservoir at the principal 
confluence of the streams; below the region of alluvial shores, 
but far enough above the port to allow the stream to get in 
train before acting upon the harbor channel. In the case of 
the river reservoir, we expect a continuous outflow and the 
element of time does not directly enter into our calculations. 
Economical considerations would enter with great weight into 
the choice of this site.

But when the case is a tidal basin, it is all-important that 
the current should conform as nearly as may be to the tidal 
epochs. It will not answer to have the ebb from the basin 
delayed so that j t  shall meet the flood coming up the port; 
neither will it do to have the flood pouring into the reservoir 
after- the ebb has commenced below, thereby causing a region 
of neutral or slack water in the harbor. We must not suffer 
streams to slacken suddenly at valuable points of the channel. 
The slack water between ebb and flood tides must be of short 
duration, and nearly simultaneous for the whole length o f the 
channel.

A notable instance of a useful tidal reservoir is that of 
Newark Bay, which is filled with and drained of large bodies 
of tide water by Kill Yan Kull for the most part. This reser
voir receives but small supplies of land water from the shallow 
and sluggish Passaic and Hackensack Rivers, yet it is able by 
the currents it receives and creates, to maintain a depth of five 
to seven fathoms in Kill Van Kull, in which channel the dura
tions of slack water are very brief, and the epochs iii favorable
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conformity with those of the harbor of New York. Suppose 
that this reservoir were removed twenty miles inland, who 
could doubt that the result would be a conflict of its tardy ebb 
with the flood of the harbor, and the formation of shoals ? As 
it is, the foot of the inclined plane of flood is in the bay itself, 
so that the flood sediment is deposited there, and the foot of 
the inclined plane of ebb is at the junction of the Kill with the 
main stream of the harbor, so that the latter assumes the 
burden and conveys it away.

§ 12. The best form a river reservoir is not to be prescribed 
in any precise terms. If the single object be to induce the 
precipitation of sediment at a convenient distance above the 
port, several devices besides the opening of expansion basins 
may be resorted to. We may, for instance, exhaust the power 
of a river by lengthening its journey by causing it to pursue a 
serpentine course. In this way the head would be divided so 
as to be lessened for any unit of distance ; the current would 
be enfeebled and sediments deposited. In some of the Italian 
rivers low dams have been stretched across the beds of moun
tain torrents to arrest material, more especially gravel and 
stones. But no method of freeing a stream from sediments, 
or of arresting the progress of rolling material has been so 
completely successful as the opening of expansion basins.

The expansion of a river diminishes the relative head very 
much, as do bends and crooks in its course ; and, per contra, 
the contraction of a river reservoir produces very much the 
same physical effect that follows the artificial straightening of a 
river: it shortens the journey o f  the water, in b'oth cases, in 
time and distance. In a majority of the cases where rapid 
rivers have been straightened, injury has followed ; especially 
when the streams thus modified are charged with sedimentary 
and rolling material. Paul Frisi, the eminent Italian writer, 
describes in his “  Treatise on Rivers and Torrents,”  page 38, 
of Major-General Garstin’s translation, the injury done to the 
river Arno, at and below Florence, by the straightening of this 
stream above the port. Material which formerly found a last 
resting place some distance above the city, now accumulates in 
the more valuable reaches below. This material is unlike that 
with which we have to deal in Boston Harbor, but the prin-
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ciple its movement illustrates is applicable to our subject. We 
cannot, by forming a reservoir, decrease the flow of water 
through the channel below ; but we may by this device remove 
the sediments from the outflowing stream before they reach 
valuable neighborhoods.

Since we have referred to the work of Paul Frisi, we are 
tempted to quote here his remarks, very pertinent to our sub
ject, upon the increase of sediments in rivers after the settle
ment of the adjacent countries. On page 6 of the translation 
he says:—

“  To these variations which arise from the difference o f places, must 
be added those occasioned by the difference o f times. The changes 
which have taken place in these latter ages on the surfaces o f the moun
tains, in clearing away of the woods and brushwood, and the cultivations 
very advisedly undertaken on the steepest declivities, are the unfortu
nate causes why the rains carry into the beds o f  streams a much greater 
quantity of various substances than they formerly carried; because the 
the obstructions that were presented by bushes and plants having been 
removed, the waters flow more abundantly and with greater celerity 
into the rivers; and passing over lands stirred up by the plough and the 
spade, they are more loaded with sands, earths and stones than 
formerly.”

§ 13. In the case of a tidal reservoir, (strictly such,) a loss 
of width cannot be replaced by deepening below the tidal 
prism; an encroachment upon the superficial area involves a 
loss of tide water by which the third advantage mentioned in 
§11 is diminished. The best form for a tidal reservoir would per
haps be circular ; but for a river, and a tidal river, where the 
downward current is to be relieved of sediments, the estuary 
form, for the upper part of the basin, would be the most desir
able, because, as we shall hereafter have occasion to explain, a 
more sudden expansion of the river would not add to the 
advantages,

The rivers of alluvial countries are usually tortuous, but 
the paths of tidal streams are more direct. The reason is obvi
ous. In a tidal stream the crooks and turns of the channel, 
instead of reducing, increase the speed of the current; because 
these angular resistances interfere with the propagation of the 
tidal phases, and thus create differences of height. The vari-
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able character of tidal heads, and the limits of time to which 
they are subject, distinguish them in an important and peculiar 
manner from the heads of rivers.

Upon the size of a tidal reservoir and upon its depth, depend 
very much its efficacy. Its size should be limited in great mea
sure by the capacity of the avenue which connects it with the 
sea, because it should be drained and filled within allotted 
periods, otherwise disagreements of the tidal epoch themselves 
occur. The sounds of North Carolina are extreme cases in 
point. They are so large that their general surfaces are 
scarcely elevated or depressed by the tide, so that the current 
epochs at the inlets are half tidal. In a Coast Survey Report 
on Hatteras Inlet, 1861, (unpublished,) we find the following 
reference to Pamlico Sound :—

“  The basin being nearly tideless has its surface about at the level of 
the sea, that is, at the half tide plane, and it is upon this plane that the 
currents o f  the inlet must take the initiative. Flood current can only 
commence to run in at the inlet when the surface of the ocean has risen 
above that o f the basin, and the ebb current must commence when the 
surface o f the former has fallen below that o f the latter. Moreover, 
the maximum velocities must occur when the greatest contrasts of 
height between the ocean and the sound obtain— that is, at high water 
for the flood and low water for the ebb.” *

I f  Newark Bay were enlarged to the proportions of Pamlico 
Sound, so that the ebb, swelled to a torrent in Kill Van Kull, 
should reach the harbor witli its maximum velocity at low 
water, the physical character of the port of New York would 
be changed.

§ 14. The uniformity of the epochs in an avenue below a 
tidal reservoir will depend also upon the size, form and depth 
both of the basin and its outlet. In nature we find the banks 
of tidal basins in alluvial countries sloping— not uniformly 
sloping from the bottom of the channel to the high water line, 
but most gradually at half tide, and at extreme high waters of 
springs. The low water lead through the reservoirs has often 
steep banks, and the bank is usually steep again at mean high 

■*
* Report o f  Assistant H. Mitchell, 1861.
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water line. The same form usually characterizes the channel 
below the basin.

The basin is to be drained of its tide water in a period of 
about six hours. If it is not, its last delivery will in greater 
or less degree come in collision with the flopd of the ocean. 
It must be borne in mind that the basin itself has but little 
current, especially near its head—that is, at points most remote 
from the outlet, and it is equally true that motion is not com
municated to lower strata, on the ebb, except near this outlet. 
The form of the bottom in natural* basins dipping towards the 
outlet, is at once the result and illustration of this action of 
the forces.

The great body of wat<y which covers the meadows and flats 
at high tide can find, during the six hours of ebb, ample means 
of escape, if the lower part of the tidal prism in the reservoir 
has not too great volume- But, it may be asked, has not this 
great expanse of the high-water area a tendency to prolong the 
flood curfent of the inlet even beyond the time of the tidal 
strand in the harbor, and thus to create slacks below ? We 
answer in the affirmative; but we recall the fact that the slack 
between flood and ebb is merely a separation. I f the ebb, 
delayed, meets the flood, it is a case of collision, where each 
brings its burden to the place of impact and drops it down; 
but when the flood, delayed, separates from the ebb, only that 
small amount of matter which is contained in the neutral space 
between the parting streams can settle upon the bottom.

§ 15. The velocities o f tidal currents are dependent upon 
variable heads, which have no direct relation to volume.— A 
tidal head is simply the contrast of elevation between the sea 
and the surface of a creek or basin in the land with which it 
communicates. On the ebb the water in the basin falls under 
the action of gravity.

During the first three or four hours after high-water the con
trast of elevation between a reservoir and the ocean is increas
ing ; after this it decreases. The upper half of the tidal 
prism in this reservoir escapes at an increasing, and the lower 
half at a decreasing, rate. Keeping this in mind, and remem
bering, also, that the outlet channel is losing capacity as the 
tide falls, we arrive without difficulty at the conclusion that a

4
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wide expanse of meadows and shallow flats may be drained by 
the ebb, while the deeper portions of the basin— portions 
remaining covered at half tide— may never sink quite down to 
the level of the sea.

If, when the- normal time of low-water arrives, there still 
remains a volume of water, in the reservoir which lies at a 
higher surface level than the sea, the flow from the outlet will 
continue till, by the fall on the one hand and the rise on the 
other, the balance is restored. The residual outflow breaks the 
order of the recurrent tidal' epochs in the harbor below, and is 
injurious in the proportion that it acts as a conveyance of muds 
to the place of impact with the flood.

We cannot always replace one »vertical foot of the tidal 
prism by another, for, as we have seen, they have different val
ues ; and an addition to portions of a tidal reservoir lying below 
the half-tide plane, as substitution for wet meadows and flats,

• is an experiment not to be tried without maturely measuring 
the probable effects in advance. The experiment will succeed 
if we can insure two considerations: first, that the outlet will 
prove ample in the very last of the tide ; second, that the rivers 
and creeks will be purged of their muds in passing the 
reservoir.*

§ 16. In all good tidal harbors possessing interior basins, 
we find that the whole depth of the tidal prism is not admitted 
beyond a certain distance from the harbor proper. The proper 
order of the epochs of maximum and slack currents is pre-« 
served by the running dry of basins at the exact time when the 
usefulness of their ebbing tide ceases. These basins perform 
great services in the early part of the ebb by communicating 
velocity to the channels below, but these services diminish as 
low-water approaches, and their exhaustion at the proper 
season prevents their powers from passing the minimum point 
and becoming a source of injury.

By the careful gauging of reservoirs and their outlets, we 
may determine whether at any stage of the tide they are acting 
to the best advantage. They may sometimes be improved by

* See Seventh Report, page 23, for a further discussion o f this point. Our 
reasoning in that case lias a special application.
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enlargement of superficial area, and sometimes by deepening. 
The enlargement of their high water area may be advanta
geously made, provided the outlet has sufficient capacity to carry 
off this increase before the time of half tide in the harbor is 
past; but deepening must not be executed unless calculations 
satisfy us that no delays of the epochs of maximum velocity and 
low-water slacks shall be brought about in the harbor. In a 
tidal harbor whose currents are in perfect regimen, we might 
expect to see basins in close proximity to the anchorage, of con
siderable depth, those more distant dry at low water, and those 
yet more distant dry at half tide or some other intermediate 
stage. The meadows overflowed by ordinary high-water, in 
such a harbor, would be al the extreme distance at which tide 
water could be useful for scour in the port.

§ 17. That this scheme of a tidal harbor may be better 
understood, we shall repeat what we have incidentally stated 
in our Ninth Report, page 16

“  W e do not depend upon the impulse o f the same individual water 
particles for the scour through a long tidal channel, but upon their com
municated 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 o f the particle first originates, affects the currents off 
the Navy Yard in less than half an hour; the motion is communicated 
by impact o f particle upon particle to an indefinite extent. The first 
fall o f one foot in Mystic River, will quicken the currents off the Lower 
Light in less than three-quarters o f an hour, minutely it may he, hut 
certainly. W e call this a phase o f tidal motion. From twelve to six
teen minutes of time only are required for this tidal phase to travel from 
Nantasket Roads to the Navy Y a rd ; and although the flood and ebb 
currents rarely exceed a maximum velocity o f one mile per hour, they 
commence and cease at these extreme points within the same hour. 
Another idea of a tidal phase may be conveyed in the following way. 
A  particle o f water leaving the Navy Yard on the first of the ebb, may 
not reach half way to the harbor’s mouth before the occurrence o f low- 
water; yet, by the action o f gravity, the whole body, o f water in the 
main channel is carried seaward as the ocean falls away, till an amount 
equal to the whole tidal prism o f the harbor and its tributaries passes 
through the exterior outlet.”
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By enlarging the upper basins, we excite greater activity 
below, and if this enlargement is made with due reference to 
the amount of power we require and the time at which it can 
best act as re-enforcement, we shall gain our object.

§ 18. No injury can possibly come from a deepening of 
portions of a reservoir already lying below the low-water plane, 
but, on the contrary, much good may result from it. By 
dredging away the bed along the thread of the depression, 
along the axis, as we may call it, of the reservoir, a deeper 
flow is given to the ebb, so that it may reach the avenue and the 
harbor with better effect upon the bottom. In our Fourth 
Report, (page 14) we said: “  If we desire to make a body of 
water useful at a very short distance we must let it flow from 
a deep reservoir; ”  and, again, on page 26 of our Seventh 
Report occurs this statement: “  I f  you would add to the ebb
scour in the upper harbor, let down its working plane by remov
ing the flats.”

In shallow tidal lagoons the current is much quickened 
along the channel as the time of low-water approaches, so that 
it often digs a trench with precipitate slopes. In the South 
Bay the .meandering ebb stream near time of low-water is 
more rapid than at earlier stages, and consequently more 
capable of scouring and bearing away material from its bed. 
The ebb has naturally a convergent tehdency, and this, aided 
by the general slope of the shores, inclines the failing low- 
water supply to seek an exit by the narrowest possible path. 
The flats on either hand receive deposits when the tide is higher 
and more stagnant, and these flats being laid bare before the 
ebb gains much strength, go on accumulating. The low- 
water channel also receives its proportion of these sediments 
at the higher tidal stages, but these are often removed by the 
quickened ebb at last. There are then several concurring 
circumstances which give the last hours of ebb a narrow track, 
a quicker flow, an^ a large supply of material. Near the time 
of low-water, when Boston Harbor is but little agitated by 
currents, there flows from the South Bay and other shallow 
lagoons, a number of muddy brooks adding their contributions 
to the extension of marginal flats. These brooks are generally 
called guzzles.
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§ 10. The remedy for the ill effects of these low-water 
deposits from guzzles is obvious; we have but to deepen and 
widen the low-water portion of them and to maintain them 
thus improved. In this way not only will the velocities be 
lessened and sediments neither be acquired nor retained, but, 
by removing friction and adding capacity the delay of the low- 

• water epoch will also be shortened, and these muddy brooks or 
guzzles, to which we have refeiwed, will cease to exist or be 
rendered less injurious. We repeat with confidence the state
ment that no other than good effects can result from the artifi
cial deepening of the low-water channel of a basin or feeder 
above a harbor; and we may even go farther, and assert that, 
under special circumstances, a foot of deepening below the 
low-water plane may be locally more than equivalent compen
sation for a foot of tidal prism lost at another point.

In § 14 we mentioned that, near the mean high-water plane 
the natural slope of a reservoir is usually more precipitate. 
We do not see in this any necessary feature of such basins.- 
The mean high-water line is the limit of njean wear; and it is 
often also the limit of encroachment. A class, of grasses 
thrives only in marshes, covered occasionally by tides, and they 
grow out to the very margin of mean tides, giving a firmness 
to the bank,— this vegetation may even tend to encroach upon 
the tidal basin to some extent; so that there are ample causes 
for this boldness of the mean high-water line without attribut
ing it to the natural or necessary effects of the tidal influx 
and reflux.

§ 20. That the tidal reservoir is of no value to the channel 
above it we have often intimated in our Reports, and in the case 
of Boston Harbor, we have shown that the main channel of 
the upper harbor gains no advantage, but on the contrary is 
injured by the expansion of the tides over the South Boston 
and Bird Island flats; although we have steadily adhered to 
the opinion that the lower harbor could not afford to lose the 
advantage of any portion of the tidal capacity above.
/■That it is all-important to a harbor that the reservoir should 
be above and not below it, is well illustrated in the contest 
between the towns of Shields and Newcastle-upon-Tyne, referred 
to in the report of John McGregor, (Second Report of Com-
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missioners on Tidal Harbors, Appendix B, page 336.) Between 
Newcastle and Shields, on the River Tyne, there is a shallow 
cove called Jarrow Slake, which is a tidal reservoir, dry at low- 
water. The town of Newcastle looked upon this reservoir as a 
nuisance, because, lying between that port and the river’s 
mouth, it caused a slacking of the ^outflow, and the formation 
of banks in the river. The town of Shields, on the other hand, • 
situated below the reservoir, justly regarded it as a great 
blessing.

Among other things, the pilots and boatmen of Shields con
tended that when the tide had risen so as to cover Jarrow Slake, 
the flood current in the neighboring part of the river channel 
was greatly quickened. Mr.' McGregor denies this as contrary 
to theory, citing Dr. Whewell and other learned authors, and 
expressing his surprise that s o . able a person as Sir John 
Rennie (the elder) should have believed it. I f Mr. McGregor 
had made the necessary observations, he would have discovered 
an erfbr in his deductions; he would have seen that he con
founds the tide wave with the tidal current. Dr. Whewell’s 
statement that the tide wave is propagated from the sea, and is 
gradually diminished as it advances up a river by various 
causes which absorb its foi’ce, is borne out by abundant testi
mony from actual observations ; but from it no one can judge 
of the strength of the tidal current, which is called into exist
ence by the very delays and resistances which the wave experi
ences, and is in great part quite independent of the original 
impulse of the tide.

§ 21. It is the disturbance of relative elevations that causes 
currents. The fact that a tide wave does decline on entering a 
basin, after passing through a narrow avenue, is patent; and. 
this decline must increase the differences of elevation between 
the basin and the sea, which must cause a rush of water that 
may acquire so great a velocity as -to enter the basin at the 
highest point of its speed, for the basin lies at the foot of the 
inclined plane down which it is flowing. Just within the 
entrance to Mobile Bay the flood current reaches its greatest 
strength, and although the tide which creates it has a rise of 
but one foot this current exceeds in strength that of the main 
channel of Boston Harbor, where the tidal rise is ten feet.
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In the main channel of the upper harbor of Boston, the flood 
current, just above the Castle Island contraction, gathers 
strength after the flats are covered, so that part of the material 
removed from the contraction below is probably cast down in 
the basin. In advocating the interests of the lower harbor, we 
have insisted that no diminution of tidal reservoir should be 
suffered above ; and, therefore, in our Reports, we have urged 
the closing in of the South Boston flats only with the condition 
that an equal reservoir should be opened above the city. We 
wish to remove the foot of the flood-inclined plane to a point 
above, where deposits would be less detrimental.

§ 22. As a summing up of the arguments we offer the 
following conclusions :—

A. Tidal harbors depend upon interior reservoirs for the 
preservation of their channels.

B. The efficiency of these reservoirs depends upon their 
areas, upon the capacity of their outlets, upon their distance 

•above the port, and upon the vertical rise of the tides which 
occupy them and the backwaters they may receive.

C. A  reservoir is limited in the usefulness of its area and 
tidal volume by the capacity of its outlet to fill and drain it 
within certain limits of time for effective scour.

D. The distance at which a reservoir may be useful is limited 
by that at which, by communicated activity, it may quicken the 
currents in the harbor below, without deranging their epochs ; 
and the depth of any reservoir has a usefulness dependent upon 
the same limitation.

E. As the distance increases, the value of the lower portion 
of the tidal prism diminishes, as regards its useful action in 
the harbor below; so that at the extreme limit the reservoir 
becomes a meadow overflowed by high-water only.

The destruction of tidal reservoirs, which fulfil the condi
tions stated in D, is a step towards the destruction of the har
bor. No proposition to reclaim basins, flats or salt meadows 
should be entertained till the measure of their usefulness in the 
harbor has been investigated; and no expense for deepening or 
enlarging such tidal receptacles should be incurred till, from 
the best data, a prediction of the probable advantage to the 
harbor can be made.
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In nature we scarcely find tidal reservoirs fulfilling exactly 
the conditions stated in D, but in all good harbors there are 
close approximations to them. Most reservoirs can be improved 
artificially, and in some harbors useless reservoirs may be found.

§ 23. It is scarcely to be expected that we should anywhere 
find a'natural reservoir which is injurious, because the causes 
of decline have usually ultimated their effects.

The fact that tidal harbors of equal area and volume of tide 
water are found to differ greatly in depths of channel-ways and 
other qualifications, shows that in some cases the distribution of 
the tide water is not so advantageous as in others. This sug
gests at once the idea that some harbors may be improved, not 
'by the reduction of tidal volume, but by transporting these 
volumes to points where they may produce the desired 
mechanical effect.

We have thus far treated the action of the tides without tak
ing into consideration the changes in wave form. Changes in 
wave form, however, actually occur in all channels, and in a ’ 
critical study of the mechanical effects of tides, are not to be 
neglected, because obviously upon these-we depend in a great 
degree, for the evolution of power by means of tidal currents.

It is so diffiult, however, to convey definite ideas upon this 
topic without detailed illustration, that we are obliged to post
pone the treatment of it now, and refer again to it in the 
second part of this Report.

§ 24. Decline o f  Tidal Reservoirs, and its Causes.—From 
the very nature of tidal reservoirs, receiving as they do the 
sediments both of the downward and upward currents, it is to 
be expected that they will naturally suffer a decrease of depth 
if not also of area; and with this decrease there will be an 
increased disposition of (he drifts to make their deposits farther 
and farther seaward. The same effect will follow if a reservoir 
is encroached greatly upon by diking in meadows, by wharfing, 
by the constriction of bridges, and by the choking up of lateral 
receptacles. To these causes, among others, may be assigned 
the deposit of mud which of late years has taken place in the 
main channel of Boston Harbor.
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The consequences of a diminution of a tidal reservoir, both 
in depth and area are twofold :—

First.—The river does not slacken its velocity so much as 
formerly in traversing the basin, so that it readies the avenue 
below without being completely purified of its sediments.

Second.— The avenue itself is less taxed than formerly, hav
ing to supply and drain less tide water; its currents, more 
especially the outflows, become more superficial, because flow
ing from a higher plain and with less pressure, the consequence 
is that slack spaces occur along the bed and at the borders of 
the channel, into which muds quietly settle.

Considerable time intervenes between a negative cause and 
its full effects; the disuse into which a channel may fall is not 
a direct or positive cause of its injury, but its destruction', 
nevertheless, follows inevitably from its abandonment to the 
other activities of nature. When we perceive that a channel 
remains unchanged from year to year, we are accustomed to 
say, and with truth, that an equilibrium is maintained ; in 
other words, relatively speaking, that the constructive and 
destructive agencies of nature are in mutual check. If forces 
are withdrawn from one party in this contest, the other makes 
an advance, demanding the full measure of advantage.

We perceive then that, with the decline of a reservoir situ
ated near the mouth of a tidal river, the channel below suffers 
a double injury. Not only does this channel fall into partial 
disuse as a tidal track, and, therefore, become subject to 
encroachment from local causes ; but it is called upon to receive 
a portion of the river muds, that have failed to find rest in the 
reduced basin above.

S 25. Let us suppose a case of a tidal reservoir situated 
above a harbor which lias suffered a. diminution of area and 
depth, both from natural and artificial causes ; and consider the 
possibilities of a reform.

By this diminution the tidal and river currents have been 
quickened in the reservoir, so that they retain their sediments 
and bear them away to the port below, wlTere the loss of 
tidal volume above lias caused a decline of velocities ; this is 
the principal injury effected. A replacement of the original 
and natural condition by restoration of reclaimed lands and the
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removal of artificial encroachments is impossible.; the sacrifice 
of property may be greater than the advantage to be gained, or 
may at least, so interfere with the vested rights of owners, that 
power to effect the change cannot be acquired. In some of the 
English ports the attempt at this restoration has been made on 
a very small scale, and nature has at once responded by resum
ing in due proportion her ancient offices; but an instance of 
this kind is but a miniature experiment; we know that a com
plete and identical return is out of the question. But we may 
induce nature to accept an equivalent in another way; induce 
her at least to resume that portion of her former work, which 
would directly benefit ourselves. We will propose several 
means by which this object may be effected, after all practicable 
efforts for the removal of obstructions and the restoration of 
reclaimed lands have been exhausted.

By increasing the vertical depths of flowage, the velocities of 
the currents through a reservoir may be lessened ; and this may 
be done without augmenting the tidal capacity,— if we dredge 
according to a certain rule the depressed portion of the basin,— 
that portion which lies below the tidal prism; in other words, 
if we deepen the low-water channel, in a certain manner that 
we shall prescribe presently.

The mere deepening of a certain section of a channel does 
not necessarily reduce the speed of the currents, notwithstand
ing that it adds to the area of the section. The currents may 
not have a natural tendency to seek a deeper path; they may 
not incline to share their motions with underlying masses of 
water. This might be admitted from the very nature of 
motion, which does not readily change its path. The inertia 
of a body of water in motion may' carry it unchanged over a 
limited depression where the underlying water may remain 
stagnant. Indeed, we observed in Hell Gate, that the flood ’ 
stream after passing the rocky dam off Hallet’s Point, main
tains in great measure its narrow path and its speed, although 
the channel section is increased several fold, and the head 
greatly diminished. The stream moves on with its acquired 
velocity over a water plane which offers scarcely any friction.

§ 26. In our Fourth Report, page 13, we stated, as a result 
not only of our studies in Boston Harbor, but as the experience
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of the Coast Survey observer in various places, that tidal cur
rents, flowing off from shallow flats, do not at once communi
cate their motions to the whole body of the water in the chan
nel, but for a considerable distance they affect only the super
ficial stratum ; gradually, however, the motion of the mass 
becomes general and uniform. Again, in § 14 of this Report, 
we have said:—

There is a certain rate at which the current, flowing-from a 
shallow source, tends to communicate its motion to lower strata ; 
and the bottom in natural reservoirs dips towards the outlet in 
accordance with this tendency. The basin at Hull, upon which 
there have been little or no artificial encroachments, is as good 
an illustration as we could give in this connection.

If we would increase the vertical depth of flowage, we must 
dredge along the axis of the basin to a depth equidistant from 
the natural slope or dip to which we have referred. It will not 
answer to deepen in one section only of the reservoir; but 
we must lower the bed without greatly increasing its angle of 
inclination. To do this we should have to add a constant of 
depth all the way down.

§ 27. Besides this natural tendency of an ebbing stream to 
deepen its track, it has also, as its volume increases, a tendency 
to widen its path— not suddenly under natural conditions, on 
the contrary, very gradually. By this expansion its flow is of 
course weakened. This suggests to us another method of 
reducing the speed of the currents passing through a reservoir, 
but a method to be applied with equal obedience to the natural 
law. It amounts to this : To add a constant to the width of the 
low-water channel for the whole length of the basin. But this 
last suggestion implies a small addition of tidal capacity which 
is not always admissible or desirable* It is not admissible 
when the outlet of the basin—itself, perhaps, reduced by arti
ficial encroachments— is unequal to the additional task of 
supplying and drawing off the increased volume.

As a corollary to our arguments on the improvement of reser
voirs, we may add that little general or lasting benefit may be 
expected from the dredging of disconnected sections, or from 
the confinement of this dredging to a too limited space ; the 
operation should be conducted with a unity as well as a com-
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prehensiveness of purpose. We shall have more to say of this 
matter when we come to make specific application of these 
ideas to Boston Harbor.

§ 28. If, in a channel.through an alluvial soil, the tides are 
the only working agents, we might expect to find the areas of 
cross section from point to point very nearly in the ratios of the 
tidal volumes above these points, and the velocities equal, or 
nearly so, from station to station. In nature, however, no such 
channels are really found. The tides are nowhere the only 
working agents ; fresh-water streams, waves and winds do some
thing in the moulding of every channel. We do not find in 
every harbor an increase of cross section as our point of obser
vation nears the sea ; and in some harbors we find this increase 
greater than the tides require. The inlets on our Southern 
coast afford instances of a loss of section at the breaks through 
the “  littoral cordon ; ”  and some of our bays and estuaries fur
nish instances of greater expansion than the currents require. 
Delaware Bay expands more rapidly as we follow it down than 
the tidal current of ebb, and Narraganset Bay is deeper than 
the flow of the ebb. In both of these cases the waves have 
washed away the banks, giving to the former too much width, 
so that the ebb slackens and throws down marginal shoals, and 
to the latter greater freedom , so that the current does not run 
so deep as formerly, but fills gradually the ancient depressions 
of its bed with muds.

§ 29. Obstructions.— Of natural obstructions in the path of 
a river or in the track of tidal drift, we shall not attempt to 
speak at length in this general essay; each case in many respects 
is a special one, and can only be referred to as such. Natural 
obstructions have more or less determined and established their 
effects,whether good or ill, and communities have accommodated 
themselves to them.

In the retard of the tide, the resistance due to friction is 
very small compared with that attributable to changes of direc
tion ; this is especially true in arms of the sea, -where the tide 
manifests itself in the form of running water. A crook in a 
water-way involves a loss of vis viva. The effect, then, varies
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with the square of the velocity, and should lie greatest when 
the rate of efflux or reflux is at its maximum. The measure 
of this mechanical effect is to be found in the head, that is, in 
the contrast between the water-heights above and below the 
obstructions. The simplest way, however, that we can speak 
of the matter, is to consider the element of time. The change 
of direction must be attended with a loss of time for every 
phase of the tide, but mostly for that phase or epoch which we 
have called the maximum rate. With the increasing rate of flood 
Or ebb, an accumulation of head takes place at the obstacle ; 
in other words, the obstruction acts after the manner of a 
reserving dam upon the ebb, and as a dike upon the flood. The 
epoch or phase of maximum rate suffers such great delays in 
in tortuous creeks and tidal rivers, that it is frequently 
observed that the waters flow from their mouths into the estu
aries or harbors with the greatest velocity, long after the drift 
below has begun to grow feeble. In this way the turbid creeks 
which enter our harbors issue most of their muds too late to 
find further conveyance, so that banks form at their mouths.

§ 30. When tideless rivers flow rapidly from high countries 
towards the coast, it is often an advantage to have them mean
der through a nearly level country before reaching the port, iii 
order that by reason of the lengthened journey their heads may 
be lessened, their velocities reduced, and their sediments suf
fered to precipitate. This has been found important in rivers 
whose upper branches are mountain torrents, sweeping down 
masses of gravel. When we speak of a tidal river, we of 
course refer to a stream whose nearly horizontal bed lies below 
the level of the sea, so that it never can have the nature of a 
tor-rent; yet in a tidal river there is rarely much local advan
tage gained and often much injury done by straightening its 
course. We must not forget that the scouring power of the 
current is due in creeks to the resistances to the tide leave, by 
which its specific power is converted into running water,— its 
undulation into translation. What we shall most steadily seek 
to remove or avoid is unequal resistances, all sudden and 
abrupt turns which call into existence violent but brief efforts, 
which almost invariably create shoals in the neighborhood.
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§ 31. It is of obstructions from artificial works that we have 
mostly to complain, works which have been undertaken in defi
ance or in ignorance of the natural order of physical forces. 
In the multitude of such works, often constructed independ
ently by individuals to meet certain personal wants, it is diffi
cult to distinguish by classes those which invariably injure the 
channel-ways; we are usually compelled to enter into details 
and to study particular instances to make a just discrimination 
between the prejudicial, the indifferent and the beneficial.

There are, however, two artificial sources or causes of dis
turbance to the currents of a harbor, which may be said to be 
usually injurious and never beneficial; these are irregular pier 
lines and bridges. I f wharves or piers are built of irregular 
lengths, or rather if they present to the stream a ragged front 
with salient and re-entering angles, the currents are not only 
checked, but they are broken into rips and eddies along their 
margins, with intervals 'o f stagnant water, forming favorable 
sites for the depositions of sediment.

The ill effects which follow the construction of pile and pier 
bridges across streams have been a subject of comment in nearly 
all prominent reports and essays upon harbors and rivers. The 
reduction of water-way and the angular resistance offered by 
the supports of a bridge, when built in a stream, form a double 
source of trouble. The rate of efflux is diminished, and the 
unity of the stream destroyed ; a new order of heads is intro
duced, accompanied by local changes of the current, increasing 
its scouring power at one point and diminishing it at another. 
The piers of bridges, by breaking the continuity of the stream, 
impair that order of impact of particle upon particle which the 
propagation of the tide wave requires. In the Thames, and 
other European rivers, this effect of bridges upon the reach-of 
the tide and upon its rate has been measured ; the journey of 
the tide is more tardy and extends not so far inland after a 
bridge is built. There is another effect upon the tides quite as 
important as the diminution of velocity and the shortening of 
its journey, which we find nowhere plainly stated by the author
ities wc have consulted. We refer to the distortion of the 
tidal profile as exhibited by observations of hourly heights. 
In our Seventh Report this kind of disturbance from bridges is 
elaborately illustrated from actual observations, from which it
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appears that the rates of hourly rise and fall are changed, so 
that in an extreme case the maximum rate of fall above a 
bridge may not occur till the tide below is nearly exhausted; 
in other words, the greatest rush through the water-ways of 
the bridge may occur when the harbor below is nearly stag
nant. This rush may, and usually does, bring into the harbor 
masses of mud and other material, there to be relinquished and 
suffered to settle upon the channel-bed; and in like manner 
artificial dams made to narrow a water-way to remove a shoal, 
act prejudicially.

In the case of a river, the effect of a bridge may be said to 
be a constant of disturbance; but in tide water it is a complex 
variable, because the volume and the head, the height and the 
impulse of the water, differ from hour to hour and from day 
to day.

The piers of a bridge usually alter the times of high and 
low-water but a few minutes, but they invariably make large 
changes in the epochs of maximum variation o f  height. It is 
the differences of heights which induce currents; so that if 
these contrasts are abrupt at different points, the currents will 
be violent and short-lived.

The tendency of moving bodies of water to preserve the 
same section from point to point, is too well known to be dis
cussed here. I f  we reduce the width of a stream, the depth 
ultimately increases if the bed is yielding. In the case of a 
bridge the depth increases between the piers; and the material 
dug out is thrown down again elsewhere. This tendency to 
dig a deeper path is the result of a local increase of head or 
pressure which calls into more vigorous action the lower strata 
of the water. If the bridge crosses tide water where the heads 
are variable, the tendency of the stream to deposit its burdens 
suddenly after leaving the obstruction is greater than in the 
case of a river, and if other angular resistance is offered, the 
conditions are exaggerated.

T id a l  C o m p e n s a t io n .

§ 32. Tidal compensation, as we have used the expression, • 
is a restitution in kind for tide water displaced. If a harbor is 
dependent upon its tides for the existence and good depths of 
its avenues no diminution of tidal volume can be suffered,
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■without robbing these avenues of those scouring and cleansing 
agencies upon which their natural form and maintenance 
depends. If the requirements of an increasing trade or popu
lation are such that the reclaiming of portions of the harbor is 
unavoidable, this may be permitted without fear of injury, pro
vided it does not encroach upon the tidal paths, and provided, 
also, that physical compensation is made by opening elsewhere 
receptacles for tide water which shall be an equivalent. We 
say equivalent, because a mere transfer of a portion of the 
tidal prism from one point to another may or may not be a 
source of injury, may or may not be an advantage. If the 
transfer, however, is made, guided by rules carefully evolved 
from a physical study of the harbor, a new receptacle of tide 
water may perhaps be chosen possessing all the advantages of 
position of the natural one, or even more. It is the restitution 
upon such principles that we mean by the expression tidal 
compensation.

§ 33. The value of any portion of the tidal prism is depen
dent upon the time at which the motion of transmission of its 
different stages is communicated to the bodies of water in the 
channel-ways. Each stage of rise and fall has its particular 
relation to the channel as a co-operative element. This matter 
we have discussed in the foregoing pages, and need not be 
repeated. A physical examination in any case discovers these 
relations and measures their values. It determines the distance 
at which any new reservoir may be placed from the point where 
the work is to be executed in order that 'the time occupied by 
the transmission of tidal phases may not differ from that which 
originally obtained with the old reservoir. I f  the new reservoir 
is more distant from the scene of its tidal efforts in the channel, 
then it must communicate with this channel by a deeper and 
more ample avenue in order that the motion of the tide wave 
may be more rapid. Under such circumstances of relative 
distances, compensation to be such, in our sense of the term, 
requires not only the admission of tide water to a new recep
tacle, but upon an enlargement of the channel of communica
tion and a deepening below the tidal prism. Compensation, 
then, in this case asks for more excavation than there has been 
reclamation. We have spoken of a reservoir as a balance-



1866.] SENATE— No. 276. 41

wheel to the forces of a tidal harbor ; we may pursue the 
sitnile further and say that, in proportion as this proximate 
source of power is removed from the working point, the train 
of wheels has to be extended, and, in order that no loss of 
power may occur, the friction must be reduced.

Since each stage of the rise and fall— each foot as we may 
say— has its peculiar value, and since the values for different 
stages are very unequal, dependent upon the position of the 
reservoir and other circumstances of situation, we may in the 
act of compensation increase the powers of certain useful 
stages and diminish those less useful. We may afford, for 
instance, the same aggregate power to the scour of the chan
nels by admitting into a large reservoir, a certain stage only of 
the tide, as was naturally afforded by a smaller basin admitting 
the whole tidal prism.

As the distance from the working point increases, within 
certain limits, the power of the lower portion of the tide wave 
decreases, while that of the upper increases. At the mouth of 
the harbor every part of the ebb current there existing is 
useful, but the ebb from distant interior reservoirs on the last 
of the fall may not only be useless, but hurtful at the harbor’s 
mouth by opposing the inflow. Its power comes too late for 
re-enforcement.

The powers and the times of the different stages of the cur
rents are dependent upon those of the tide wave, and the latter 
may be calculated with some precision for any reservoir whose 
dimensions are given, together with the depth, width, length 
and welted perimeter of the channel of communication.

The time required for a certain fall in the reser.voir to effect 
the currents of a certain part o f the channel below, will 
depend, not upon the rate of individual particles, but upon the 
rate of wave motion, which is itself mainly dependent upon the 
depth of water from point to point. This rate o f wave motion, 
or transmission of phases, is very rapid; it is nearly equal to 
the velocity which a free body would acquire by falling from 
rest under the action of gravity through a height equal to half 
the depth of water.* The usefulness, then, of the upper por
tion of the tidal prism is great at a very great distance from

* Airy on Tides and Waves.— Enc. Metropolitma.
6
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the desired scene of its influence. If we destroy a portion of 
the tidal prism in the lower part of the harbor, we may replace 
its labor (as far as the main channel is concerned,) by reser
voirs so shallow as only to receive the upper stage of the tide, 
provided we go far enough off, and do not diminish the effective 
volume.

It might be argued upon our own premises that a volume of 
tide water at one point might be compensated for by a less vol
ume at another. Theoretically we admit this, but practically 
we have not met with the case.

§ 34. The extension of solid or pile structures from the 
borders of main channel-ways should be regarded as cases for 
special consideration. They may not always be permitted with
out injury, because adequate compensation for the interruption 
of the free tidal flow may be practically impossible. Any 
extension upon a channel communicating with interior basins, 
which diminishes the minimum water-way, or renders the 
course of the stream more tortuous, is an encroachment vpon 
the tidal path, since it disturbs the transmission of tidal phases 
by impact of particles.

The doctrine of compensation, although in each case to be 
coupled with a specific provision as to site, is generally appli
cable to all harbors, great and small, with different degrees of 
benefit and importance. And in its local application to parts 
of any harbor, its value is in some sort relative, dependent 
upon the importance of the channels above and below. In a 
very large harbor, where the possible encroachments cannot 
exceed a very small percentage of the tidal area, a general 
application of the rule of compensation might be quite uncalled 
for, and yet in this case the local application might be very 
important. The indirect value 'of a basin, receiving and dis
charging tide water, is to be measured by its influence upon 
the main avenue of a harbor, or more specifically, upon the 
frequented channels above or below. Its value does not, how
ever, always vary with the relative amount by which it quickens 
the stream of these channels. The scour in a channel depends 
not only upon the absolute velocities of the currents, but also 
upon the relative powers and directions of ebb and flood. The 
beds of most harbor channels are composed of almost infinite
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gradations of mud, sand and stones, each class requiring for 
its movement a certain velocity of current, and the sands 
requiring for absolute removal a resultant .power. We have 
already discussed the scour of channels in § 2, and we would 
refer the reader to it that he may perceive how critical the 
relations between the power and the works may be, and how 
easily disturbed. A  very small percentage of change in the 
velocities, absolute or relative, of the tidal drifts in alluvial 
channel-ways, must always produce some alterations of width 
and depth ; but this small change may in one case produce no 
sensible effect, while in another case it may, in course of time, 
wholly change the navigable character of the channel.

§ 35. A physical survey, as we have said, discovers the rela
tions which any natural reservoir bears to the 'channels, and, if 
it becomes desirable to fill up this reservoir, points to the proper 
sites for a transfer of the tidal prism to artificial basins else
where. However certain we may feel that any chosen site will 
accomplish the ends we have in view, we should proceed cau
tiously. The effects of dredging upon the epochs of the tide 
should be watched as the work progresses, in order that we 
may improve every favorable symptom, and desist from pursu
ing the work in a direction which proves unfavorable. In fine, 
a physical survey should be made and repeated as the work 
goes on, so that the new basin may not only repeat and realize 
the advantages of the old one, but diminish any of the disad
vantageous conditions which may have existed before.

If, for instance, the compensation is proposed to be found in 
the removal of flats from rivers or creeks, or in the excavation 
of marsh lands, analyses of the tide from point to point will 
not only discover the effects, but will develop the march of the 
phenomena and the end to which they may tend. I f  the 
dredging is done simultaneously in different basins and chan
nels, and the observations kept up, a comparative view may be 
taken of the benefits derived, so that an advantageous choice 
may be made for future work. Although we believe we are 
able, by our method of analysis, to detect the effects of those 
artificial encroachments already made, we do not claim that we 
can predict with certainty all the results of others in different 
localities.
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Observations of the tides and currents should accompany all 
operations which may materially change the form of a harbor. 
The increase or decrease of every element of power, which the 
transposition or disturbance of tide water may effect, should be 
watched and examined. To proceed in any other way is to 
work blindly, ignorant of a blunder till too late to retrace our 
steps,— ignorant of an advantage till the opportunity of 
improving upon it is lost.

We look forward to the day when each valuable harbor of 
our coast will be rescued from the grasp of individual interests 
by proper authority, assisted by a competent engineer, who has 
made the conservation of harbors a study, and the harbor upon 
which he is engaged a specialty. In our own experience in the 
study of many different harbors we have found everywhere the 
traces of injuries inflicted by individual interests, and in most 
communities the want of reflection and study of the subject. 
We do not question that a collection of testimony from pilots, 
wreckers and all other watermen is of value, but we should 
regard it as a collection of facts upon which to make a proper 
examination of a harbor.
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P A R T  S E C O N D .

In Part First we have given our conception of the forces 
which maintain the channels of tidal harbors ; we now propose 
to examine the Upper Harbor of Boston from the same point 
of view. * • •

§ 36. If we glance at a chart of Boston Harbor we observe 
that it consists of three divisions, a roadstead, and two grand 
lagoons or basins. -Nantasket Roads, from the head of Quincy 
Bay to the sea, with the Hull Basin on the one hand, and the 
grand lagoon above Long Island on the other, constitute Boston 
Harbor. The communications with these grand divisions are 
scoured to the utmost limit that the materials forming their 
beds and banks will allow, by the vast bodies of tide water 
pouring through them in the struggle to preserve an equilib
rium between the interior basins and the sea. If we compare 
the outer entrance to any one of these divisions with any sub
sidiary channel leading to a minor basin within, we find that 
the former is the more ample water-way, and the conclusion is 
obvious that this superiority is, in the main, due to the greater 
scour to which it is subjected in its service as a tidal avenue. 
Let us, for instance, take the Hull Lagoon: how insignificant 
are the creeks leading to the Weymouth and Hingham reser
voirs compared with the noble channels on either side of Pad- 
dock’s Island— channels which not only fill and drain the trib
utary basins we have mentioned, but the tide of the great 
lagoon itself. We never glance at a chart of Boston Harbor, 
without being impressed with the natural advantages of this 
peculiar locality. Here is a fine anchorage ground, protected 
from wind and sea, with two deep entrances from an outer 
roadstead; and these entrances, as well as the roadstead itself,
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are kept free by tidal currents essentially without aid from 
backwaters. ' •

§ 37. Nantasket Roads is the conduit for the tide of more 
than one-half of Boston Harbor, and the Broad Sound Channel 
for the remainder— unless we regard as worthy of consideration 
♦lie Black Rock Channel, which is traversed by a small but 
rapid stream which crosses the main ship channel, and co-oper
ates, as far, as may be, with the stream of Nantasket Roads in 
the filling and draining of Quincy Bay.*

The Upper Harbor— the portion above Castle Island— is too 
near the head of tide water to be traversed by a great volume 
of ebb and flood; the evidences, therefore, of strong scouring 
forces are only to.be met with at its contractions. It is, how
ever, a receptacle of both tidal and river wdters, and the latter 
bears in amount a larger ratio to the former in this than in any 
of the other portions of the harbor that we have named—yet 
here it is small, so small that without .the co-operation of 
tide water it could not maintain a navigable channel to the 
sea.

The main channel of the Upper Harbor of Boston is chiefly 
dependent for its depth and width upon its service as the avenue 
of supply and drainage for the basins of the Charles and Mys
tic Rivers and Chelsea Creek. Were these reservoirs closed, 
the larger part of this main artery would, in 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.

§ 38. The history of the Upper Harbor shows that this main 
channel has declined as the basins or natural reservoirs above 
have decreased,— not in due proportion as. yet, for the full 
effects of the encroachments are not developed. Indeed we 
may reasonably be surprised to find these effects already trace-, 
able ; and we should be prepared to see them increase rather

* It is a very remarkable circumstance that the main ship channel is trav
ersed by no current along its course ; and we have tried in vain to conceive by 
what disposition o f forces it was first created. That it must once have been 
dug out by a tidal stream would seem evident from the form of its bed and 
banks.
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than decline in their rate of development. The simple fact 
that the reservoirs have been artificially diminished implies a 
quickening of the river current passing through them, and a 
lessening of the flowage of tide water through the avenue 
below. Again, the fact that the encroachments have been 
made upon the widths and not upon the lengths of these reser
voirs, so as to make their forms more eccentric than originally,, 
justifies the opinion that from this cause the tidal currents of 
the reservoirs themselves suffer less check than formerly, while 
those of the main channel are diminished. A quickening of 
the currents in the reservoirs diminishes the sedimentary 
deposits therein, and a diminution of currents in the main 
channel increases the tendency to deposits in this avenue. The 
encroachments upon the river basins have, therefore, been a 
double source of injury.

§ 89. We shall now proceed to examine the observations of 
the currents of the river basins and the Main Channel, in order 
to arrive at a conclusion as to the promise of the present state 
of things. At a station in the mouth of Charles Eiver, about 
a quarter of a mile to westward of the United States Dry Dock, 
from observations extending through an entire tidal day, the 
ratio of inflow to outflow was found to be as 8 :10  ; and the 
mean hourly velocity of the river current, five-hundredths of a 
mile. Our method of computing the rate of river current was 
as follows: The hourly observations made with apparatus 
drawing eiglite'en feet, were plotted in curves upon profile 
paper, the flood, above and the ebb below an assumed axis. 
Through the determined points a smooth curve was drawn, 
and new 'ordinates for equal intervals of time (fifteen minutes 
each,) were taken out, (those above the axis receiving the plus, 
and those below, the minussign,) and the algebraic mean of 
these ordinates was recorded. This mein was found to be, as 
we have said, five-hundredths. By this process the variable 
tidal flowage is eliminated, and there remains only a constant 
which must represent the velocity of the river at this point as 
it would be if there were no tides. It is true that the rate we 
have obtained is strictly local; that is, it does not represent the 
mean for the river generally, nor even for the entire width of 
the stream in the neighbourhood of the station ; but since the
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part of the river chosen by us is narrow and bordered by nearly 
parallel pier lines, we are authorized to assume that flood, ebb 
and river currents, pursue very nearly the same paths, so that 
the error of our results must be too small for consideration.

A  current of 0.05 miles per hour is too small for any corro
sive action upon the bed or banks of a stream. According to 
Du Buat, it requires more than three times this velocity “  to 
remove clay fit for pottery,”  and we may class the stiff clays 
which form the natural bed of the Charles River under this 
head. The lighter muds, vegetable earths and sewerage, could 
scarcely be suspended by so feeble a current; yet, united with 
tidal drifts, this river water becomes an element of great impor
tance, giving to the outflow a duration in excess of the inflow. 
(See Table No. 1, columns 9 and 10.)

The importance of this element is still better illustrated by 
the results given in the last two columns given in Table No 1, 
where the periods during which the velocities exceed three- 
tenths of a mile per hour are given ; and from which it appears 
that the ebb maintains this excess for 5h- 18m- ; the flood but 
gh. qgm. j ) u pjuat’s experiments show that sand may be moved 
or rolled along by a current of three-tenths of a mile per hour, 
so that at our station, by this combination of river and tidal 
forces, a grain of sand would daily make two journeys; one, 
up-river, represented by 3.15, 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
way free. Except for the tides hurrying through this avenue 
to and from the basin above, the present good depth of water 
could not be maintained; for the river flow, as we have seen, 
would have no want of so great channel capacity; it would 
require a pathway but a trifle more ample than it now has at 
Watertown. Of course the decline of this channel wouW. be 
very slow ; only the hiaterial from the neighbouring shores 
would wash into it, until after the basin above became very 
much filled up ; but it would be a question of time only. If 
the waters cease to use their avenues, these are' naturally 
reclaimed, and serve another use as dryland. We are brought 
to the conclusion that Boston Harbor is mainly dependent upon 
the volume of tide water for its deep channel-ways; but that
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i*ts backwater, although but scantily supplied, is an important 
element» ' •

Table No. 1, although constructed from observations of differ
ent dates, for which the conditions may have been somewhat 
dissimilar, exhibits plainly the value of the fresh water element 
in tidal reservoirs, not only in the Charles River, but also in 
the Mystic; and even more pointedly in the latter. Station 
No. 7, in the mouth of the Mystic River, shows the seaward 
scour to be 5h' 09“ ' against 2h- 40ra-, the up-river scour.

It will be observed that our table gives the same results for the 
scour in the basins of the twd rivers. The flood traverses them 
in force but for one hour, and the ebb four hours. Although 
considerable slacking is indicated by these figures, it is not so 
great for the ebb as it ought to be ; not so great, we believe, as 
it once was, before it was narrowed and encumbered.

It is evident that the observations in Table No. 1 were made 
at a period when the fresh water supply of the Mystic exceeded 
that of the Charles River. The fact that the constant of out
flow for Station 7 was more than double that of Station 8, is 
not the only evidence of this; but the failing of the flood cur
rent about a half an hour earlier in the Mystic than in the 
Charles, and the continuance of the ebb of the former nearly 
as long as that of the latter (notwithstanding the greater angu
lar resistance offered by the Charles River bridges,) are proofs 
positive. Our observations were made in August and Septem
ber, when the sources of fresh water were doubtless nearly 
exhausted.

In our Sixth Report, page 31, we produced evidence from 
trials with the hydrometer to show that the Mystic was fresher 
(t. e. less impregnated with ocean water,) than the Charles at 
corresponding distances from the junction ; and we referred to 
this.fact as involving ill consequences, having already stated 
that “  there is one very great advantage to b’e gained by adding 
to the tidal capacity of a river; it is this: more sea-water is 
mingled with the river outflow, increasing the density of the 
ebb, and inclining it to take, on reaching the harbor, a deeper 
path, instead of flowing' over the still water lying in the 
depressed portion of the channel.”

It may be that in the wet season the relative conditions are 
quite the reverse of those we have observed ; indeed, the

7
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greater length of the Charles River ought to give it an advan
tage over the Mystic in the supply of backwater, when the 
dam at Watertown is overflowing. There is probably a partial 
reservation of water by this dam during summer.

'At the junction of the two rivers, the advantage gained by 
the ebb over the flood, to which we have referred, is in a mea
sure retained; the duration of ebb exceeds that of flood by 
2.08, but the ebb in force has less than one hour’s advantage 
over the flood. It will be observed, also, that the outflow at 
Station 4 continues too long after the tide has commenced to 
rise, and that the inflow is 1.20 behind the epoch of low-water.

§ 40. What we have said of the epochs of the slack currents 
also applies in a more remarkable degree to those of maximum 
flow. The ebb at the junction of the two rivers does not 
acquire its greatest rate of flow till one hour before low-water, 
so that when the tidal current at the mouth of the harbor has 
commenced to run flood, that of the Main Channel of the upper 
harbor has a considerable velocity in the direction of ebb. The 
upper harbor is hence a scene of. conflict, or at best that of 
opposing forces neutralizing each other at time of low-water.

•

§ 41. We have not introduced any observations from Chel
sea Creek in Table No. 1, because they present no peculiarities 
worth exhibiting. No disturbances of epoch can be traced in 
this creek. It is traversed by the tide with very little delay, 
and its currents and tidal epochs are nearly coincident. As a 
receptacle for tide water it is useful, but its usefulness may be 
greatly increased by removing its flats and marshes, so that it 
may become at once a tidal reservoir and a sediment basin. 
The bridges at present scarcely disturb its tides or currents in 
a sensible manner. If the marshes are removed so as to 
increase the tidal volume, the disturbing effects of the bridges 
will be manifested, but if at the same time the flats are 
removed near the, mouthy no serious effect upon tire harbor 
need be apprehended.

In our review of the results of Table No. 1, we have reached 
two interesting and important conclusions:—

First.—-The ebb current does not slacken sufficiently in the 
basins above the city. The eccentric form o f these reservoirs
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and their. small capacity, causes them in great measure to fail 
as adequate tidal reservoirs and as expansion basins.

Second.—  There are causes which prevent the free and timely 
exit of the ebb from these basins.

In the Mystic estuary the natural accumulations of mud, 
and the artificial encroachments in the way of wharf building 
and reclaiming of water-spaces, have reduced the width of the 
basin, so that the ebb froffii above does not now expand itself 
sufficiently to slacken, especially near the time of low-water. 
In the Charles, the reclaiming of the Back Bay and other 
smaller encroachments have caused a quickening of the .ebb 
from aljpve, and increased the ratio of river to tide water, so 
that, as a sediment basin, it cannot be as useful as formerly.

The ebb from the Charles and Mystic Rivers conjoined, actu
ally meets the flood coming up through the Castle Island Nar
rows after low-water is past. The source of this trouble in the 
Mystic is, in great part, the encumbered state of its lower 
basin. Narrowed down by accumulations, natural and artifi
cial, the last of its ebbing tide makes a tardy exit by meander
ing channels, among mud banks and bridges. In the Charles, 
the bridges must bear the chief burden of the blame. It is to 
their network of piles that we must charge the retention of the 
ebb, although the narrowing of the reservoir by increasing the 
ratio of river to tide water has had a tendency in the same 
direction.

§42. There is no want of capacity in the channel of the 
harbor below the river mouths. The avenue at its narrowest 
point, between Boston and East Boston, is sufficiently ample to 
discharge a much larger quantity of water than it now does. 
Kill Van Kull, a strait of about the same width and depth, 
supplies the tide for more than double the area, and this, too, 
without producing any difficulties in the harbor of New York. 
The great tidal basin at Hull causes little increase of mud or 
sand deposits in Nantasket Roads, although it is hardly pos
sible that its two entrances can supply and drain the tides so as 
to preserve the epochs very closely. These roads owe their 
great depth of water to the continual activity of the currents 
formed and created in and by the neighboring bays and lagoons. 
We might continue to cite instances of larger lagoons with less
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comparative outlets than the basins»above Boston Harbor; but 
we need not go further. The size and depth of both the 
Charles and Mystic basins, could bo doubled without overtaxing 
the avenue between the cities below.

The velocities of ebb and flood currents rarely exceed one 
mile per hour in tins avenue, so that these drifts could be con
siderably increased without inconvenience to vessels. To fur
nish some idea of the velocities of currents in localities much 
frequented by commerce, we offer the following comparisons, 
taken from our Report on New York Harbor:—

From, Observations at H a lf Ebb.

L O C A L I T I E S .

Rise and Fall 
o f  Tide.

.Velocity  o f  
Currents.

Ft. per m inute. Miles per hour.

Between Boston and East Boston, . . . . 10 1.0
■Nantasket R o a d s , ............................................................ 1.3
Hudson at New Y o r k , .............................. .......... . 1.3 2.3
East River at New Y o r k , ........................................ 4.3 •3.0
East River at Hell G a t e , ........................................ 4.4 8.5
Kill Van K u l l , ............................................................ 4.3 2.1

The currents of Boston Harbor, it may be seen, are very 
sluggish, considering the great rise and fall of the tide; and 
the very fact that they are so, indicates the insignificance of the 
reservoirs above. The derangements in the river epochs are 
due to local causes, and not to any fault of the Main Channel.

§ 43. Before we enter upon the manner in which the mud 
banks and bridges disturb the epochs of slack water, and of 
maximum drift, we feel it necessary to digress a little, fearing 
that what we have said may convey an erroneous idea of our 
views upon another point. We do not mean to say that the 
artificial contraction of the water-way between Boston and East 
Boston has not ‘done injury, for we know that it has. It has 
increased the contrast of section between this and the anchorage 
off South Boston, so that the divergency of outflow becomes 
too sudden, thereby causing the current to slacken more effect
ually, and deposit more' mud. _ In our Fourth Report, page 10, 
occurs the following statement:—
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“  The too sudden expansion o f the ebb stream, (the compound o f the 
Mystic and Charles' River waters,) after passing the strait between the 
city and East Boston, is a grand source of mischief, for the power of 
this main stream is exhausted by the very act o f divergence, and its 
margins collide with other streams which flow into the harbor by lateral 
channels.”

The “  expansion ”  that we referred to in the cited paragraph 
is precisely what we desire to have effected above the city, to 
give the mud an opportunity to settle. The tendency of 
modern “  improvements ”  has been to make the anchorage 
basin the receptacle for the river muds instead of leaving to 
the river basins their original offices. We consider the narrow
ing of the channel opposite the city as involving for the present 
a difficulty ; but the remedy is so simple that we have no ques
tion but it will be eventually provided. Our idea of the 
remedy is to increase the basins above; to check the activity 
of the currents in the river basins and to quicken those in the 
harbor. Although, as we have shown, sands and muds are 
accumulated in different ways, or rather by dissimilar methods, 
under the action of the same forces, the means of prevention 
in this case are the same.

The delay in the drainage of the basins above the city of
Boston, results as we have seen from no want of drainage

•  °capacity in the common outlet; on tire contrary, the decline in 
the depth of this outlet, due to deposits now progressing, is 
itself a proof that the capacity exceeds the demand made upon 
it. We must look, then, to the encumbrances in the reser
voirs themselves for full explanation of the difficulties we have 
described, and we shall proceed to show how the bridges and 
flats disturb the free flow of the tide water.

§ 44. Since the delays and changes of figure which the tide 
wave undergoes are the proximate causes of the changing 
velocities and epochs of the tidal currents, we may expect to 
find in a study of the former, full explanations of the peculiari
ties of the latter. The vertical changes of the sea are more easily 
followed and more simple of description than the horizontal. 
Resistances alter the relative altitudes of portions of the run
ning water on either side, and these altitudes being measured
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on gauges, furnish a measure of their resistances which may 
be numerically stated, or exhibited upon diagrams.

Appended to the Report will be found a discussion of the 
changes experienced by the tide wave in its propagation 
through channels into lagoons, and up rivers; among natural 
and among artificial obstructions. The data used were in part 
collected by the Coast Survey in past years.

The changes in the form of the tide wave in passing through 
an arm of the sea are as follows* :—

1. The axis loans forward more and more as it advances; in 
other words, the upper portion of the wave travels more rapidly 
than the lower. Low-water suffers a much greater delay than 
liigli-water.
• 2. The wave loses in length above its base ; in other words, 

it sharpens as it advances.
8. The effect of permanent and artificial obstruction, such 

as extended piers'and bridges, is to deflect portions of the tidal 
axis, curving it backward near the plane of half tide.

4. The axial delays between any two points increase propor
tionally for each foot counted downward from plane of high- 
water, in natural alluvial channels. In channels obstructed by 
rocks, by piers or by bridges, the axial delays are greatest on 
or near the half-tide plane— on the plane of greatest horizontal 
motion. ,

5. In rivers the flood tide has less duration than the ebb. 
The same is true in lagoons approached by a shallow channel.

We are now prepared to examine the tides of the Charles 
and Mystic Rivers from five different points of view ; for these 
rivers combine, in a complex manner, all the peculiarities of 
form and character to which we have here referred.

We cannot better explain this manner of proceeding from 
simple to complex forms, than by repeating the remarks made 
in similar connection in our Sixth Report, (pages 25 and 26.) 
“ In the few pages immediately preceding, we have laid down 
general principles, and illustrated them by striking examples,

*  The expression “ tide wave,” as we use it, must be understood to be tiie 
curve described by plotting upon profile paper the times and heights at single 
stations. The “  axis ” is a line drawn downward from the summit of this 
curve so as to bisect the chords and base o f the figure. (See Appendix for 
details.)
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in which the relation of cause and effect is simple, direct and 
obvious, reserving the application of them to our subject, 
because in Boston Harbor, we discover traces of many causes 
rather than well-defined, effects.”

¥

§ 45. In § 4 of the Appendix Report, we are presented with 
an analysis of the Charles River tides, from the harbor to the 
great basin, comprising three stations : No. 1, in the river, just 
below the system of bridges; No. 2, among the bridges, but 
above those crossed by the railroads; and No. 8, in the basin, 
about one thousand feet above the West Boston Bridge.

First.— We cannot say that the axes of these tide waves lean * 
forward; there may be a trace of this at Station No. 1, but it 
is very uncertain.

The channel is deep, so that the influence of its bed is not 
great, and it is the avenue of a little land water ; so that we 
find in the nature of the channel adequate reasons why the 
inclination of the axis cannot be measured.

Second.— We do not discover any contraction of the general 
length of the wave, from station to station, which is sufficiently 
striking to justify a positive statement. It is true that portions 
of the wave at Station No. 2 indicate a shortening as compared 
with No. 1 ; the supplement of the negative wave gives an 
increased length of four minutes, and the positive wave 
is diminished by the same amount. But between Stations 2 
and 3, the length of the positive wave increases again, 
while the negative wave remains unaltered. Now, these 
changes cannot be referred to slope, because the space 
between the first two stations is very deep, and confined 
by perpendicular walls, for the most part leaving but little of 
the original slope to be effective. A close inspection shows 
that the diminutions in length of both positive and negative 
waves between Stations No. 1 and No. 2, occur near low and near 
high water, as if the water, restrained at intermediate periods, 
hastened to make up for lost time at the extreme limits of rise 
and fall. An inspection of the columns of rise and fall, indi
cates that this is a correct view. The fall suffers a delay, so 
that low-water is behind time eight minutes, while the rise is 
also behind time, causing high-water to be five minutes late. 
Artificial obstructions■ only are indicated.
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Third.— At Stations 2 and 3, the deflections of the axes near 
half tide are marked; they curve back five or six minutes of 
time, indicating obstructions, which, in the absence of natural 
objects, must be regarded as artificial.

Fourth.— The axial delays between Stations 1 and 2, indicate 
distortions or detentions of intermediate portions of the tidal 
profile in this portion of the channel where the greatest number 
o f  bridges exist, and the greatest rush o f water occurs. 
Between Stations 2 and 3 the axial delays are all small. This 
portion of the channel is wider and less encumbered by bridges 
than that below. In the columns of delays of rise and fall, 
however, we find traces of obstructions very distinctly given by 
the ebb portion of the profile.

It will be observed that at high and low water, wlien there is 
little horizontal movement and consequently little distortion 
from resistances, the wave intervals between Stations 1 and 2 
are four and five minutes, while at intermediate phases, when 
the horizontal movement is great, the delay amounts to thirteen 
or fourteen minutes in the short space of a half mile ; but in this 
space there are six bridges, two of which are in effect double* 
The channel between these stations is over three fathoms, a 
depth in which, according to Mr. Airy, a free tide wave would 
travel the distance between the gauges in less than two minutes.

The delays, then, near time of half tide, are seven times what 
they would be if no littoral or transverse obstruction existed.

The distance between the second and third gauges is about 
0.54 mile, a trifle more than between the other tw o; yet the 
mean axial delay for this space is only three minutes. Two 
bridges only, however, obstruct the course of the tide in this reach.

In the Appendix to the Seventh Report, it was shown that 
the tidal heads of these stations were in the ratio of bridges 
very nearly. Let us see how the delays compare. The mean 
axial delay from 1 to 2 is nine and one-lialf, and from 2 to 3, 

•two and one-lialf minutes, while the bridges are in number as 
six to two. The mean delay in the lower reach of the river is 
then in excess of the proportion of bridges, if we call them but 
six. If, however, we consider the Eastern and Lowell Railroad 
bridges as distinct, we restore the proportion very nearly.

Fifth.— We do not detect in these tides the well-definedi
conditions of a lagoon or river.
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In tlie first foot of fall below the plane of high-water, the 
basin, (Station No. 3,) is behindhand about sis minutes, or 
more than* double the mean axial delay. Can this be the result 
of inertia o f  the water in the basin? We think not, for no such 
indication appears in the fall of natural lagoons. Can it be 
river outflow ? This it cannot be, for at high-water the river is 
reversed and set back in the upper reaches and tributaries for 
some distance, and some time elapses before a continuous down-, 
ward stream prevails. We can attribute it to no other cause 
than the bridges, now so submerged that their sills are in con
tact with the water. But why, it may be asked, do the two 
bridges between Stations 2 and 3 cause more delay than the 
six and seven between 1 and 2 ? Because the basin is shallow 
compared with the strait below, and the water in the former 
cannot escape by the movement of so great depth of stratum 
below the obstacle, as in the latter.

We fully appreciate the grave character of the examination 
upon which we have entered, and we desire to weigh impar
tially the good and ill effects of these bridges, acquitting them 
when we may, but convicting them when we must. Let us 
now turn our attention to the Mystic, and observe what goes 
on in that estuary.

§ 46. In § 4 of Appendix, we have also an analysis of the 
Mystic River tides, from observations of October 3, 1860, which 
we propose to examine from the same five points of view occu
pied in the foregoing discussion of the Charles River tides.

First.— On entering the Mystic, the tide at the-Navy Yard 
(Station A ,) has its axif leaning backward rather than for
ward, that is to say, the upper portion of the wave is later 
rather than earlier. But two miles and a half higher up, at 
Ten Hills, (Station B,) we find the positive portion of the wave 
decidedly in advance, so that the apex reaches the station four
teen minutes earlier than the wave-centre. This result 
resembles that obtained in all natural channels, and indicates, 
simply, shal/ovj water.

Second.—The wave loses in length, but not largely, as will 
be observed by comparing the figures for each foot. This loss 
of length affects the negative as well as the positive wave, giv- 
ing to the supplement of the former (the figures of our table

8
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from 0.5 to 4.5,) an increase, as we pass from the Navy Yard 
to Ten Hills and Medford Bridge, except at the altitude 4.5. 
Here again we discover nothing strikingly at variance with the 
natural conditions of shallow avenues leading to basins. The 
filling is effected by increased efforts on the latter part of the 
rise; but the drainage is unsuccessful,, notwithstanding that 
the fall above Ten Hills is continued during the slack water in 

.the harbor.
Third.— In the tides above the Navy Yard we can detect no 

persistent curving back of the axis at or near the half-tide 
stage.

Fourth.— The axial delays do not indicate artificialobstruc- 
tions in the distinct manner observed in similar elements of the 
Charles River analysis. We must, however, call attention to 
the delay on the first of the fall in the lower reach, and on the 
last of the rise in the upper. Indeed, both rise and fall for the 
first foot below high-water in the lower reach seem unnatural; 
as if the struts and ties of bridges obstructed. Perhaps the 
great expansion over wet meadows may bring about these 
indications.

Fifth.— When the surface of the Mystic, above Ten Hills, 
lies below the half-tide plane, it has the character of a tidal 
river; the rise is rapid and the fall tardy. At still lower levels 
(between 0 and 3 feet,) the estuary also obtains the character 
of a tidal river. A t these low stages the Mystic is but a mean
dering stream in which land watenis a large element.

During the first hour and a half after high-water at the Navy 
Yard, (see Table 4, of “  Special Report,”  1861,) the Mystic 
ponds are drawing water from the rfver rather than affording 
any supply. After this period an outflow commences, at first 
feebly, but rapidly increasing, till about two hours before the 
Dry Dock low-water, when it becomes constant. The cross 
section at Weir Bridge (the entrance to Mystic Pond,) loses 
but one and a half per centum of area with the fall of the tide, 
while the loss at Ten Hills amounts to over eighty-five per 
centum. It needs no further discussion to show that the ratio 
of river to tide water increases with very great rapidity after 
the reflux commences in the upper tributaries of the river. 
By consulting Diagram A, of our Special Report of 1861, it 
will be seen at a glance that, as our point of observation moves _
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up the Mystic River, thh delay of fall to any absolute level is 
more and more retarded as compared with the rise.

§ 47. Finally, the Mystic, though mucl; encumbered by 
muds and flats, is not so obstructed by artificial works as to be 
seriously deranged "from its natural order of tides, &c. 
According to Professor Airy’s law, the average rate of propa
gation for the free tide wave from the Navy Yard to Ten Hills, 
would be four minutes to the mile, or twelve minutes for the 
total distance. We actually have, as a mean from observation, 
fourteen minutes, an excess of but two minutes to cover all the 
resistances due to natural bends of the channel and to artificial 
obstructions. This near conformity of theory and observation 
for the shallow Mystic is in remarkable contrast with the wide 
discrepancy already noticed in the lower reaches of the deeper 
Charles River. Perhaps we cannot do better than repeat these 
results and place them side by side:—

R I V E R S .  ,

Ôo A x i a l  D e l a y  p e r  M i l e .

5 T h co iy . Observat'n. T heory. Observat’ n.

Mystic, . 3 12 14 4 n 1 Lower

Charles, . 0,50
.  ' *

10 3 20 )  Reaches

'It is deserving of remark that the positive portion of the 
Mystic tide travels with greater speed than Professor Airy’s 
table would indicate, and that single positions of the wave- 
centre exhibit three or even four times the speed of propa
gation that this table would give.

Favorable as the Mystic appears when compared with the 
Charles River, for mean tidal conditions and for the positive 
wave, it sinks nearly to equality when we carry our inspection 
to th» lower tidal stages where the banks and shallows of the 
Mystic embarrass and break up the order of influx and reflux. 
In the lower reach of the Charles River the axial delay for the 
first half foot above plane of low-water is about 12£ minutes ; 
it is quite 10J minutes for the Mystic at the same stage.
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The comparative figures given above*while they point to the 
bridges of the Charles River as the sources of trouble to that 
tributary, illustrate at the same tim'e the capabilities of the 
Mystic and the simple means of rendering these capabilities 
active and useful’. By deepening the Mystic, the ebb may be 
hastened so that as a re-enforcement to the harbor outflow, it 
may offer more timely service, and not, as now, delay part of 
its efforts till too late.

We shall have occasion to refer again to the Mystic, when 
we come to speak of tidal compensation ; but it behooves us to 
follow for the present the minute inquiry into the influence of 
the Charles River bridges, and to furnish an accurate measure 
of that influence.

§ 48. Table No. 2, entitled “  Tidal Heads,”  furnishes the 
differences of water elevations between Charlestown and 
Cragie’s Bridges, and between the former and the basin above 
the West Boston Bridge, for the 2d September, 1863. The 
observations composing this table extend from the low-water of 
the morning to that of the evening, from records made at least 
every thirty minutes.

The mean difference of level between the first and second 
gauges was 0.25 feet, or equivalent to one-half foot per mile; 
and between gauges second and third, 0.085, or at the rate of 
seventeen-hundredths of a foot per mile. The mean slope of 
the lower reach, it seems, was about three times as great as 
that of the upper. In No. 32 of the Report appended to our 
Seventh Report, it is conclusively proved that these heads 
follow the ratio of bridges and not that of distance. The lengths 
of the two reaches of the river examined, are nearly equal, 
but the bridges stand in the proportion of five to two, at least.

In the lower reach, where the disturbances are most marked, 
the differences of elevation, on the rise, culminate at about 
half tide, while upon the fall, the culmination is delayed till a 
later period.

On the rise, the portions of the wave below and abov% the 
half-tide plane, suffered, on September 2d, disturbances in the 
ratio of 18 to 27 ; while on the fall, the ratio was 31 to 24.

The fact that these ratios are reversed in order for rise and 
fall, indicates that the resistances of the river bed are not the
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causes of the disturbances, for while, as we have seen, the dis
turbance is greater on the rise, when the river is above the half- 
tide stage, it is less on the fa ll, under the same circumstances. 
Thus the evidences against the bridges multiply at every step, 
for this reversion of the order of disturbances is exactly what 
we should expect from a bridge which, acting like a dam, 
reserves the waters.

Reservation of the tide water is what we wish most of all to 
avoid, because we do not wish to have streams issue upon the 
harbor with their maximum strength too late to co-operate with 
the main outflow. We called attention to "this trouble as dis
covered in the stream of Fort Point Channel, in our Seventh 
Report, (page 31,) where we say:—

“  The greatest strength of the tributary ebb does not correspond with 
the period o f greatest activity o f the main stream’; and when the latter 
is nearly exhausted, the former still retains working power enough to 
carry the mud from its bed into the harbor, there to be left till the flood 
shall dispose o f it, either by enlarging the flats, or by contributing to the 
elevation o f shoals.”

§ 49. A comparison between the lower reaches of the Charles 
River and the bridged portion of the Fort Point Channel, which 
is offered in Table No. 2, is instructive. In distance the former 
is about three-quarters of the latter, which is about the ratio 
of the disturbance. The Charles River reach has twice the 
depth and the width of the Fort Point' Channel, but the former 
has one more bridge than the latter. Of course we cannot 
assume that the bridges are similar, or admit of close compari
son by numbers ; but we may at least point out the signifi
cant fact, that the natural advantages which the Charles 

,, River mouth possesses over the mouth of the South Bay are 
destroyed by bridges. We do not care to push our arguments 
against the bridges to nice inductions, but we cannot omit such 
important facts, connected with the improvement or injury to 
other localities.

The head on the ebb in the Charles River is greater than 
that on the flood, while in the Fort Point Channel the two are 
nearly equal. As the flood of a river is weakened by the fresh 
water outflow, and the ebb augmented by the same, it is natural
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that the effects of resistance should not be so great in the former 
as in the latter case. Fort Point Channel fills and drains a tidal 
basin in the strict sense of the word; where the inflow and 
outflow are equal on the average of a lunation, so that the 
mean effects for flood resistance ought to equal that of ebb, if 
the obstructions oppose alike the adverse drifts.

§ 50. . The tide wave which enters Boston Harbor, traverses 
the entire distance, about ten miles from the ocean to the Navy 
Yard, in about one-quarter of an hour. The currents at the 
mouth of the harbor are not strong, and their epochs differ but 
a few minutes from those of the local wave. If we take the 
Navy Yard tides as the standard, we find that the currents of 
the South Channel cease to ebb six minutes after low-water, 
while at the junction of the Charles and Mystic Rivers, the ebb, 
during the driest season, continues (See Table No. 1,) forty- 
five minutes after the same low-water. The current commences 
to flow up the South Channel fourteen minutes after low-water, 
or thirty-one minutes before the cessation of outflow from the 
rivers. By the time slack water occurs at the junction of the 
rivers, there is a current in the South Channel of 0.80 miles per 
hour in the .direction of flood. An extreme instance gave us 
an hour at the rivers’ junction, for the interval between low 
tide and the commencement of the flood. In this hour the 
flood of the Lower Harbor gained a velocity one-half greater 
than the maximum drifts at the junction. The current station 
in the South Channel is in some degree beyond the reach of 
the Upper Harbor stream, and for this reason we have referred 
to it as a criterion of the conditions of the mouth of the 
harbor.

In the Broad Sound [Channel, between the points of Long 
Island and Deer Island, we found the commencement of the 
flood to occur nineteen minutes after the Navy Yard low-water, 
or twenty-six minutes before the ebb at the rivers’ junction 
ceased. The Broad Sound Channel of course is within the 
influence of the Upper Harbor drifts.

In the Castle Island Narrows (the main avenue to the Upper 
Harbor,) the flood commences twenty-five minutes after low- 
water of Navy Yard, or twenty minutes before the ebb at the 
rivers’ junction has ceased, and'nearly one hour before the
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flood at the junction commences. For nearly one hour the 
basin of the Upper Harbor is either a vortex of opposing 
streams, or a neutral ground for the deposit of sedimentary 
matter. It thus appears that the most valuable portion of 
Boston Harbor is made the site of the most serious antagonisms, 
and the most feeble efforts of the tidal currents. The waters 
of the South Bay, and the Charles and Mystic Basins, are 
reserved by obstructions,— artificial, for the most part,— and in 
this reservation lies a source of trouble.

The rapid sketch we have given of the tides of the two rivers, 
with the effects of artificial and natural disturbances, is a com
pendium from laborious tabulations and the long study of dia
grams and observations. The results, which now appear simple 
and direct, were elicited from the tangled skein of our collec
tions of facts, by patient inquiry only. The inductive methods 
we have chosen have led us by safe and, we believe, by certain 
steps to conclusions of grave importance. Our only fear is that 
we may not be able to convey these results in the clear and 
striking form in which we perceive them.

§ 51. It is difficult to determine the exact time of maximum 
velocity at current stations, but, as far as success ha’s attended* 
our attempts, we discover the same testimony against the con
ditions of the outflow from the basins behind and above the 
city. At the junction of the rivers the maximum velocity of 
ebb occurs full one hour later than at the harbor’s mouth, and 
perceptibly later than in the Main Channel, off Slate Ledge.

It may be seen by inspection of Table No. 2," that in the 
Charles River the bridges so restrain the ‘ebbing tide, that the 
greatest head in the lower reach obtains at X  and X I hours, so 
that a rush of water into the harbor takes place after the flood 
has commenced at the Lower Light, and continues after slack 
water has obtained in the Castle Island Narrows. That this 
trouble is caused by the bridges, principally, and by the mar
ginal encroachments in less degree, may at once be seen by 
comparing the heads in the two reaches given in Table 2.

At the rivers’ junction, off the United States Navy Yard, 
meet two equal volumes of outflowing*tide water, if wo take 
the total fall into consideration. The Mystic River and Chel
sea Creek, according to Mr. Boschke’s surveys, discharge
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16,391,330 cubic yards of tide water, and the Charles, 16,392,- 
165 cubic yards.. In this equality we might see a favorable 
condition, were it uniform from hour to hour. But it is not 
so. At the time when the shallow Mystic is nearly exhausted, 
the deeper Charles is pouring forth a great volume, which 
strikes across the Navy Yard basin over on to the East Boston 
shore. Slacks and eddies are created in the northern part of 
the basin, and along the piers on the Boston side of the Main 
Channel. The shallows of the Mystic River, on the one hand, 
and the artificial encumbrances of the Charles, on the other, 
bring about these discordances. The meandering course of the 
ebb stream, as it flows down the Main Channel, is calculated to 
form banks or lumps of mud in the dead angles. It has 
already indeed done this in part. The vis viva of the stream is 
diminished or destroyed by striking over upon the East Boston 
shore, and, while its working power is wasted, it acquires 
abruptly other disorderly impulses from local heads.

Yet another class of disorderly movements are discovered, 
if we compare the surface with the sub-current drifts. The 
stream issuing from the Charles or Mystic River, is in part 
guided in îts course by the sides and banks of the channel.

"On the sides are artificial works arbitrarily directing the more 
superficial water stratum; below are the banks, in part yield
ing and in part permanent, influencing, rather than directing 
the stream. As a consequence of these different experiences, 
actions or movements of the two strata, one is sometimes 
checked, while the other is strong; one is perhaps a scene of 
eddies, while the other is steady. Our observations detected 
these contrasts, espebially off Union Wharf, and off the point 
of South Boston Flats. Wo have given, in Table No. 3, the 
results from five stations in the Main Channel, in all of which 
disorders of this kind exist in some degree.

Were the channels in their best conditions we should find the 
ebb currents passing through them, occuping their entire sec
tion, and following without disorder all their windings. As it 
is, the outflow at no one point seems to accommodate itself to 
the Main Channel. Should no further artificial changes be 
made, the stream will, at some distant period, by filling up here 
and deepening there, accommodate the channel to its wants. 
Unfortunately its wants are not ours. We have encroached
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upon its domain, but we cannot allow it to forsake its old bed. 
We must go further and supply its wants indirectly as far as we 
are able.

S u gg estion s , r e l a t iv e  to  t h e  I m p r o v e m e n t  o p  t h e  B r id g e s .

§ 52. In the frequent allusion to the influence of the bridges 
in their physical relations to the harbor, which are to be met 
with in our Reports, the importance of a reform in their man
ner of construction has been fully shown, and we have now 
reached the point where some specific views should be stated 
touching the manner and method of this reform. It would 
have been wise to have placed, at an early day, a restriction 
upon their number, and it would have been practicable to do 
so. The various railroads which cross the Charles River, the 
Mystic River and the Fort Point Channel, could have at the , 
outset employed one and the same bridge over each of these 
streams. As it is, they have crossed at different points, at 
various angles with the current, and upon structures which we 
can only commend for their economy. The absolute necessity 
of bridging them over, and even filling them up, to some 
extent, was so patent in earlier times, that, the case did not 
admit of serious question, and every effort in these directions 
met with encouragement and support, notwithstanding that it 
threatened a degree of injury, because each in its small way 
weakened those tidal forces which maintained the ample chan
nels and secure anchorage basins which constituted the excel
lences of the harbor. And we take the pains to say that we 
ourselves, in our papers on Boston Harbor, extending through 
a period of twenty years, never failed to recognize that “  this 
operation was the necessary concomitant of the growth of the 
city, and indeed the very mode of its prosperity and increase.”  
The statesmen and political economists of the day “  found that 
their part was to lay the foundation of commercial greatness.” * 
One of the duties that devolve upon us is to preserve and 
improve the instruments of commerce. We need make no 
apology for anything we may have to say in the execution of 
this duty.

We have endeavored to consider the peculiar circumstances 
under which Boston has made its gieat advance in prosperity.

* Mem. Am. Acad., Y ol. 5. N. S.

9
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"With every facility, in lier noble harbor, for trade upon the 
ocean, she early felt the want of those inland water communi
cations possessed by some of her rivals. With an enterprise as 
remarkable in its conception as in its fruitful successes, she has 
made herself the centre of a magnificent system of roads, 
which has in great part supplied the place of rivers for her 
interior trade. After so many years spent in striving to remedy 
her defects in one direction, is it remarkable that the preserva
tion of some natural advantages should have been overlooked ? 
The few water-courses that communicate with Boston Harbor, 
some of them bearing the names of rivers and bays, others the 
more appropriate title of creeks, have been commercially of no 
importance; they have been in fact obstacles to transportation.

§ 53. In the discussion of the physical derangements occa
sioned by the bridges, to be found in the Appendix Report, it 
seems to be shown that it is not the reduction of the cross sec
tion nor the displacement of tide water that constitutes the 
most serious charge against these structures, but that the larger 
part of their ill effects results from their mode and place of 
construction. They each and all oppose unnecessary resist
ances to the ingress and egress of tide water by offering abrupt 
obstacles, sudden deflections of course, and diminutions of 
water-way, but not all alike.*

Abrupt obstacles, by checking the stream, consume its vis viva. 
It is true that the tide does ultimately fill and drain the interior 
basins, but not until a certain delay has occurred. For effective 
scour it is all-important that the harbor streams should be 
re-enforced at the right moment by the tide of interior basins. 
This remark applies especially to the ebb, which is the most 
useful scouring power. The conditions which were satisfied 
once, when these channels were formed, are not satisfied now, 
because (we speak with authority,) the volumes of water are 
added to the outflow too late in some cases. It will be found 
on examining our data, that we, so far from having magnified 
the effects of these bridges, have cautiously refrained from 
strong expressions regarding them, preferring to let the figures 
and observations speak for themselves to every intelligent mind.

* VVe do not include in this reference the new bridge just constructed by the 
Old Colony Railroad,, which we have not examined.
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In the Charles River, in a distance of about a half-mile, there 
are over eleven thousand piles driven into the bed of the stream 
beyond the pier lilies, simply to support eight bridges. In this 
space there are now more square feet of road-ways crossing 
from shore to shore than there probably would have been if the 
river had been filled \ip and the city extended over the 
reclaimed space. The ease with which valuable grants have 
been obtained from the legislature, and the fast that these have 
been free gifts, have induced the railroad companies and others 
to seek encroachments upon the water rather than incur the 
expense of making purchases on shore. We refer here to the 
water-spaces occupied by buildings, side tracks, &c. There has 
been for many years a premium on harbor encroachments.

The mere fact that eleven thousand piles have been driven 
into the channel-way of the Charles River near its moutlr, .with
out the least regard to anything but personal or corporate 
interests, would lead any reasonable mind to presume that 
some sacrifice of the usefulness of the stream must have 
occurred, and that this sacrifice is much larger than it need be.

§ 54. 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 of piles placed nearly at right 
angles to the road-ways. If a road crosses the stream diagon
ally, 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 resistances. The fact that 
the piers themselves are of open piling does not mend the mat
ter, for in passing through the small openings eddies are 
created; we have r.ot 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 their piers 
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 and below, and the number reduced 
by the constructing engineers to the extent of their abilities.
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The frequent alterations of section caused by the bridges will 
(however perfect may be their construction,) cause some mean
dering 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.

We mentioned in our Seventh Report, that the form of pier 
which would restore the natural relations of volume most 
nearly, would be the pyramidal, meaning by this, in a general 
way, a pier decreasing upwards, so as to give an increasing 
water-space with the rise of the tide. Practically, for a stream 
whose borders have been encroached upon to such an extent as 
the mouth of the Charles River, and in which encroachments 
vertical walls have supplanted the original slopes, we do not see 
any great advantage in departing from the vertical pier, because 
we are* obliged to preserve every inch' of space in the lowest 
water stratum,, and should therefore wish to see the bases of 
the piers reduced to a minimum at the outset.

§ 55. This brings us to another question, as . to the degree 
of injury done by braces or trusses submerged only at high tide, 
i. e., occupying only the upper foot, perhaps, of the tide. We 
regard these as the least objectionable of any obstructions. 
They for a short period only offer a check, and if the bridge is 
not far from the part of the harbor at which the tidal power is 
wanted, this first hour’s reserve might even come in with advan
tage at a later period. We do not say that it will in any case 
we have seen in the Charles River, because the efflux is not 
sufficiently free for the space below. As the phases travel very 
rapidly, and as the early efforts of the current accomplish little, 
we may conclude that the ill effects of obstructions to the very 
top of the tide will only be felt at a great distance.. We can, 
for instance, conceive that an obstruction to the uppermost part 
of the tide in the Charles River would lessen the current of the 
second or third hour at the. mouth of Boston Harbor. Of 
course this loss would be infinitesimal, and wre bring it in only 
as a theoretical view, although correct. We do object to ties, 
braces, &c., transverse to the stream in which they are immersed; 
but admit that practically those which disturb only the upper 
part of the tide for one hour before and one hour after high- 
water need not always and necessarily be prohibited.
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§ 56. We have spoken of the conformity of a channel to 
the ebb stream which traverses it, as reflecting the best condi
tions. This is true as a general rule. The ebb, for reasons 
explained in the Fourth Report (page 16,) is prone to confine 
its work to the channel-ways, where it is ■usually the dominant 
power; nevertheless, there are many channels and portions of 
channels where the flood predominates.' Flood channels we 
may call these ; and we may say of them, that, as a general 
rule, they are obstructed by bars at the points where they leave 
or return to the paths of the dominant ebb.

Boston Upper Harbor presents, as one of its worst features, 
a flood predominance in a portion of the Main Channel— that 
portion which lies between Bird Island and South Boston flats. 
The Upper Middle Bar, upon the one hand, and the Anchorage 
Shoal upon the other, are the limits of this flood channel. These 
two banks are, in fact, the debatable districts where the flood 
and ebb are equal in power. If we follow the ebb from the 
junction of the Charles and Mystic Rivers to the sea, we find 
no other break in its controlling power along the principal 
avenues ; and that this break should occur in so valuable a 
portion of the harbor, we can but consider unfortunate— not 
irremediable, however, by any means.

Let us, with the aid of Table No. 4, follow the conditions 
from Castle Island Narrows to the strait between Boston and 
East Boston. The mean velocity in the Narrows (Station No. 
1,) are 0.95 for ebb and 0.60 for flood— the ebb controls. In the 
slue-way of Upper Middle Bar (Station 4,) the ebb and flood 
are about equal, ,0.68 and 0.66— here is a struggle for the 
mastery. At Station 5, a little further to the westward, and 
beyond the Upper Middle, the ebb is 0.52, the flood is 0.63— we 
have entered the flood channel. At Station 8, in mid-channel 
“ Off State Ledge,”  the flood is 0.75, the ebb, 0.65— the flood 
is strong and dominant. Further on we pass the Anchorage 
Shoal and find the mean forces (Station 13,) 0.39 for ebb, 0.12 
for flood— the flood is without power, and yields to the ebb. 
Or if, instead o f passing over the Anchorage Shoal, we follow 
the channel to the southward, and make our next inquiry in 
the deep water, “  Off Point of South Boston Flats,”  (Station 
14,) we have 0.53 for ebb, and 0.37 for flood; the result is 
essentially the same in passing the Anchorage Shoal as in
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passing the Upper Middle Bar, we have seen the conditions 
shift.

If we may not assume that these two banks, which limit the 
flood channel, have been formed in the contest of the ebb and 
flood forces, and that they are the sediments thrown down in 
the equal contest at these equilibrium points ; we can at least 
assert that these banks are in no wise to be regarded as causes 
of the phenomena observed ; and we see no reason to doubt 
that if the conditions should be changed so as to give entire 
mastery to the ebb, these banks would diminish, if not disappear. 
At present there are no causes at work to wear them away— 
quite the contrary, wo cannot see how rolling material can pass 
them.

The Upper Middle Bar is hard clay, a material which we have 
never seen accumulate at equilibrium points ; and the anchor
age shoal is not, as far as known, formed of rolling material. 
In the form of the anchorage shoal we recognize indications of 
a solid nucleus— of bowlder perhaps ; but even this would have 
been undermined and lowered in position if the currents had 
had any resultant power with which to scour the bottom.

The forces which struggle for the mastery over the upper 
middle are individually strong; but those which find themselves 
in equilibrio at the Anchorage Shoal are each of them weak— 
exhausted by expansion over the flats on one side and the 
wasted Bird Island upon the other.

§ 57. It is the expansion of the ebb as it flows from the 
strait, between Boston and East Boston into the broad basin 
below, that has weakened its power and suffered the flood, 
converged in the Castle Island Narrows, to gain the advantage 
over a small space. We scarcely need the aid of current 
observations to show us that if the two adverse streams do not 
diverge equally as they issue from their different straits upon 
the harbor basin they must introduce peculiar conditions at 
some point between them, even on the supposition that they 
have originally equal power. The flood and ebb have not, 
legitimately, equal powers in any section of the Main Channel, 
for the ebb is re-enforced and the flood diminished by land 
waters. The area of section, multiplied by the mean velocity 
for this section, must and does give the greater momentum to
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the ebb. The simple question then presents itself, can we con
fine the work of the ebb to the Main Channel and outdo the 
flood ?

In order to illustrate the nature of the control exercised by 
the currents upon the form of the channel-bed, we have pre
pared diagrams upon each of which we have plotted the curve 
of velocity from side to side, and the profile of the cross section 
given by the soundings.

Diagram 1. The mean velocities of ebb and flood respec
tively are given for each of four stations lying nearly in a 
straight line which, starting from the low-water line on South 
Boston flats, takes a course N. 54° E. to Bird Island, passing 
154 yards westward of Slate Ledge Buoy.

In this diagram the profile of section is plotted twice, once 
below the axis to compare with the curve of ebb velocities, and 
again above the axis to compare with flood velocities. The 
space off Slate Ledge, it will be recollected, is the locality in 
which we showed that the' flood had the mastery. This diagram 
shows further that the form o f  the channel corresponds with 
that o f the flood force  (except near Bird Island where the 
unyielding bottom reacts,) and that the ebb is not accommodated 
by the present form o f channel. It would appear that the 
channel is not dug by the resultant of all the forces of the tidal 
day— as a sandy channel would be, but one of the drifts, the 
flood, has worked almost alone. A glance suffices to show that 
the flood has less volume than the ebb, and that it owes its 
mastery in the channel-way to the concentration of its forces in 
a narrower path. It not only has this mastery in mid-channel, 
but it has a velocity equal to the moving of certain classes of 
material, gravel and shells perhaps, which the ebb has not. 
Within certain limits material o f the rolling class will move 
with the resultant, beyond those limits until the stream having 
the requisite povier.

In this diagram (1 ) there are more evidences of the waste 
of ebb velocities by expansion than o f the augmentation o f flood 
velocities by the confinement it has experienced in the Narrows. 
By these new arguments we are brought back to an old conclu
sion, viz.: that the fault lies with the expanding ebb.

Diagram 2. The profile of section and the curves of veloci
ties are given on a line crossing the channel from the point of
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South Boston flats to East Boston, in a portion of the Main 
Channel lying above the Anchorage Shoal, or in the domain of 
the ebb as before- described. In this diagram we have not 
plotted the profile of section above the axis, because it is so 
plain that its correspondence lies with the ebb, notwithstanding 
that disorder appears from the circumstance that the threads 
of greatest motion for flood and ebb lie on different sides of 
the channel.

In the separation of the threads of greatest motions of flood 
and ebb we recognize an elementary division of the channels of 
the two tides, concerning the nature and effect of which we 
have spoken at length- in our Fourth Report, pages 24 and 25. 
Perhaps a tendency to shoal formation may be recognized in 
this diagram in the equilibrium point marked very nearly by 
the elevation at Station 14.

The diagram to which we have just referred (2 ) is not made 
from mean velocities but from those of corresponding hours of 
ebb and flood. A break in the series at one of the stations 
prevented us from completing our table with Station A. The 
general character of our diagram, however, has been confirmed 
from a study of other stations near the line.

In reference to both diagrams we may remark that we have 
not established the exact co-efficients for reducing the curves 
of forces and those of depths to the same denominations, so as 
to make them compare fairly, or as well as they might have 
done.

§ 58. By comparing, in the same manner, the results for 
separate hours, we may arrive at a rough approximation as to 
the effect of walling in the South Boston flats and rebuilding 
Bird Island. At high-water (Y P -,) for instance, the flats are 
covered, and at the beginning of ebb the whole basin is free, 
while at low-water (0h)  the flats run dry or the tide (as we 
may express it,) is shut off from the flats and from Bird Island, 
so that the latter part of the ebb is confined to the channel
way somewhat as the entire ebb will be when the proposed 
improvements are made.

YIP-— one hour after high-water— the thread of the ebb lies 
close along the Bird Island shore. The outflow is very feeble 
along the border of the South Boston flats.
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At X hi (four hours after high-water,) the South Boston flats 
begin to emerge and spread over a great area; and the thread 
of maximum ebb lies in mid-channel.

At XP- (five hours after high-water,)' the water has fallen on 
the flats so that the eel-grass is exposed over nearly the whole 
area, and the water wholly ceases to flow within the six-feet 
curve. Bird Island is also fairly exposed to view. At this 
time the'velocity of the ebb current is but a trifle less than the 
maximum, but its thread o f greatest motion lies close along the 
border o f  South Boston flats.

0h' or XIP- (low-water) the current has fallen off in velocity. 
There is little motion, except close along the ■South Boston 
•flats.

If we may judge from these studies, we might predict that 
when the quay wall is .built, the ebb will find its greatest 
motion in the continuous channel southward of the Anchorage 
Shoal, instead of winding as now, and crossing shallow spots. 
We, however, do not pretend that a perfectly safe prediction 
can be made from these premises, and we present it as only a 
theory warranted by these partial facts. When the wall which 
should inclose the flats was first projected by us, we were not 
in possession of these arguments and facts now cited, and it is 
not without satisfaction that we perceive that our project stands 
the test of further inquiry and critical investigation.

So imperfect do we consider a full exposition of the details 
of this undue expansion of the ebb to be, that we feel obliged 
to pursue the subject till our testimony is exhausted.

§ 59. A comparison of Diagrams 1 and 2 indicates very 
plainly the lateral expansion of the ebb stream; and the decline 
of its velocities as we pass from 2 to 1, shows that the moving 
section has enlarged; it should appear that the velocities 
increase, other things equal, since, as we near the sea, the vol
ume of tide water which has to pass in and out augments. 
We have, however, other and more directs proofs of the expan
sion of the ebb, and of the limits of this enlarging tendency. 
These proofs are to be found in the directions of the currents at 
different stations. Taking, for instance, the space between 
Long Wharf and the Grand Junction Wharves in East Boston,
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where the expansion has fairly commenced, we have the 
following :—

Azimuth o f pier line as it approaches Long "Wharf from the
n o r t h w a r d , .......................................... .......  . . . . 350 deg.

Direction o f ebb 200 yards from Long Wharf, . . . 339 “
Direction o f ebb. 400 yards from Long W harf, . . . 337 “
Course o f Main Channel, (506 yards,) . . . .  321 “ 
Direction o f ebb 7 60 yards from Long Wharf, . . . 308 “
Azimuth o f pier line as it approaches lowest Grand Junc

tion W harf from the northward, (900 yards,) . . . 301 “

The course of the Main Channel given in this table is that of 
a line which we have drawn through points equidistant between 
the six-feet curves of either bank. It does not lie midway 
between Boston and East Boston wharves, nor does our space 
under examination lie at right angles to it. The axis or thread 
of maximum velocity for the ebb lies about 550 yards from 
Long Wharf, or nearly over the deepest water.

This table shows that the total angle of divergence exceeds 
31°, and that the greater rate of divergence for the course of 
the channel is on the Boston side, 18°— on the East Boston 
side, 13°. The azimuth of the maximum or thread of ebb is, 
by interpolation among our stations, 318°; so that the diver
gence on the Boston side may be counted as 21°, and on the 
East Boston side, 10°. But the most striking feature of our 
table is the great divergence in the space between points 400 
and 760 yards from Long Wharf—29° in mid-channel! This 
looks very much like bifurcation ; and we actually find a little 
further down the channel, near Anchorage Shoal, a slacking up 
of the velocities in the locality where we might have expected 
to find the thread of motion, almost in the track of a prolonga
tion of the line of this thread for the strait above. Here is 
really a split in the ebb stream, one portion hugging along the 
Bird Island shore, and the other running on to and along the edge 
of South Boston flats. Perhaps this Anchorage Shoal has been 
prevented from becoming a bar, like the Upper Middle, by this 
bifurcation of the ebb. The shoal has not been the cause of 
bifurcation, because, as we have seen, the tendency appears at 
too great a distance up stream. The shoal is an effect,perhaps,
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although wo prefer to regard it rather as a bank suffered to 
remain by the concurrence of the several causes we have stated, 
since our evidence supports this less positive view. We advise 
that borings be made on this shoal to throw more light upon its 
character.

To this table we shall refer again presently to notice other 
peculiarities which it discovers. We leave it now to examine 
another space, between Slate Ledge and Bird Island, about on 
our line of section exhibited in Diagram 1.

Trend of low-water line (springs,) on South Boston flats, . 324 deg.
Direction o f ebb 300 yards from low-water line, . . . 270 “
Trend of six-feet curve as it approaches from northward, (535

y a r d s , ) .............................................................................................  302 “
Direction of ebb 700 yards from low-water flats,. . . 314 “
Channel course, . . . . . . . . .  304 “
Direction of ebb 1,100 yards from L. W . flats, . . . 314 “
Direction o f ebb 1,600 yards from L. W . flats, . . . 300 “
Trend of six-feet curve along Bird Island, (1,700 yards,) . 301 “
Trend of L . W . line, (springs, 1,760 yards,) . . . 303 “

In this second table we observe, that in the middle of the 
channel, stations within four hundred yards of each other give 
parallel directions for the stream, while a divergence appears 
near Bird Island, and a convergence on the edge of South Bos
ton flats. The divergence near Bird Island is probably due to 
the draught over and around Bird Island, while the conver
gence on the other side is probably a reaction of the flats them
selves— an irregular reaction to be sure.

On the whole, no tendency to divergence appears in the Main 
Channel ebb off Slate Ledge, but the grand movement of'the ebb 
requires turning off from the South Boston flats to make its 
line o f direction parallel to the channel course.

To return to the first table; we observe that the pier-line 
above Long Wharf is fully 10° out of the way in azimuth, 
allowing a slack space which is now a scene of eddies and mud 
deposits. We find, on examining our records of current obser
vations, that, sheltered by the extensions at the “  North End,”  
the whole line of piers below is left without proper scour!
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If from Long Wharf we draw a tangent to the curve of our 
proposed quay line, we find its azimuth about 322°— nearly 
parallel with the general course of the Main Channel and the 
thread of'the ebb stream; so that our proposed improvement 
will not extend this difficulty, if the line of exterior wall which 
we have prescribed is not departed from.

On the East Boston side we find no injury appears to have 
resulted from the present general course of the pier line.

In the neighborhood of Slate Ledge our proposed quay line 
has an azimuth, for its tangent, of about 301° ; the local ebb 
stream, now feeble, has about the same— a trifle less if any
thing; while the main body of the ebb lias a direction of 311°, 
which will be turned off or lessened in azimuth by the influence 
of this wall and the increased flow. No arguments against the 
line of quay are offered, that wo can perceive, in these figures, 
induced from investigations more recent than those in our 
hands when the improvement was projected.

O c c u p a t io n  a n d  C o m p e n s a t io n .

§ 60. In the earlier part of this Report we have stated that 
the doctrine of compensation for displacement of tide water is 
applicable to all harbors, but with different degrees of impor
tance. It is applicable to Boston Harbor as a whole, but not 
with equal value to its different parts. Were other things the 
same, we might say that the value of tide water increased with 
its distance from the harbor’s mouth; least at the lower, and 
greatest at the upper extremity of the port. This rule would 
not hold beyond certain limits, but these limits exceed anything 
that Boston Harbor presents. The filling up of a portion of 
the harbor near the mouth, in this particular case would, 
perhaps, be locally of no measurable injury, and would deprive 
the main avenue leading to the sea of so little scouring power, 
that no sensible effect would ever follow; but higher up, 
towards the head of the harbor, the same displacement would 
deprive the entire avenue below it of an element of scouring 
power which it cannot everywhere, or as a whole, afford to 
lose.

The Upper Harbor of Boston, because of the local value of 
its Main Channel, and because of the indirect value of its tidal 
volume to adjacent portions of the Lower Harbor channels, can-
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not, in our opinion, afford to lose another cubic yard o f tide 
water. I f  the application of the compensation rule involves 
expenses exceeding the benefits to be derived in the most desir
able project of occupation, still, vve repeat, the harbor cannot 
afford the loss of tide water. We do not doubt that the busi
ness facilities of your city may be improved for a time by the 
occupation of flats at various points, but can you, or your suc
cessors, afford to see the smallest additional injury inflicted 
upon the channel, which some of your clipper ships cannot 
now traverse till helped over the bars by the rise of the tide, 
and then only with the aid of a fair wind or a steam-tug ?

You ask rrs to advise you in the conservation of your harbor, 
and we recommend, as a matter of primary importance to this 
end, that you solicit of the legislature the passage of a law, 
prohibiting any further displacement o f the Upper Harbor tide 
water, without compensation.

§ 61. If we may judge from the most general features of 
our hydrographic survey, it would appear that the ebb streams 
from the Charles and Mystic Rivers once united, midway 
between Winnisimmet Eerry (Boston,) and Aspinwall’ s Wharf 
(East Boston,) and thence flowed seaward, along the axis of 
the Main Channel. It seems to us that this order of things 
might be partially restored by giving to the Mystic a larger 
ratio of tide water as compared with the Charles, and thus 
re-create a scour along the Boston side of the Main Channel. 
As things are now, the space between “  North End”  and Long- 
Wharf is a lee ( if  we may use this term) during the ebb; a 
district outlying the main stream, and agitated only by fitful 
and eddying drifts. Deposits are, of course, going on in this 
space. The extension at the North End has already robbed 
the docks below of their4 good depth of water to some degree.

As we have expressed our idea of the ancient course of the 
ebb, we are tempted into speculations concerning the primitive 
character and path of the flood. The flood through the city 
strait was once a weaker stream than now, and weaker too in 
comparison with the ebb in tire same locality ; it had a broader 
path, and unlike the ebb was not, in the manner of its approach, 
disposed to concentrate its forces. Before the destruction of 
Bird Island, we conceive that the flood moved up the Main
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Channel in a uniform and moderate manner, passed the strait, 
and bifurcated easily, one branch ascending the Mystic, the 
other the Charles River. In the present order of things, the 
flood from Castle Island Narrows, uniting with the westwardly 
flows through the Bird Island Channels, and over that reef, is 
forced on to the Boston side, and at so large an angle with the 
pier line, that it suffers a check along the wharves. When the 
flood passes the strait, it acquires velocity to such an extent 
that it strikes quite over to the Navy Yard, and is checked 
again. These checks are necessarily followed by deposits of 
sediments, which the stream is deprived of the power to 
sustain.

We call attention to these embarrassments, created by 
encroachments, and by the waste of islands. There is no 
return to the identical conditions that once obtained ; we must 
substitute other means for making the currents resume their 
good work'. It is true that Bird Island could be restored, 
and we have recommended that it should be occupied and 
raised above the high-water plane, but not in a partial way.

§ 62. In Chelsea Creek our investigations led us to the dis
covery of no feature objectionable in its physical character—at 
least none that could make this an unfit site for compensation. 
Its tide suffers no degradation, because there is no interior 
basin ; and hence its currents are moderate and tolerably uni
form in character. Little trace bf the effects of bridges could 
be found in the tidal profile from point to point. We should 
but add to the volume of this Report, without enhancing its 
interest, by detailing the results from the examinations of this 
creek. If it ever should be found desirable to construct an 
intei’ior basin of moderate extent for a tidal reservoir, a better 
avenue for its communication with the harbor than Chelsea 
Creek could not be found. Of course the size of such a reser
voir and its depth, would be limited by the capacity of the 
avenue, and with due consideration of the obstructions, 
bridges, &c.*

§ 63. The thorough investigation which we made of the 
South Bay in 1863, decided us against recommending this

* See Memoir on Boston Harbor, Memoirs o f American Academy, New 
Series, Y ol. V ., p. 110.
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basin as a site for compensation unless a reform of the bridges 
could be instituted.

In the Appendix Report the manner of removing the obstruc
tions to the tide in Fort Point Channel is discussed, and we are 
satisfied that the conclusion reached is correct, v iz.: that no 
practicable increase of section by dredging in this channel will 
accommodate an increase of the South Bay tide water. If this 
bay is to be deepened, the bridges must be in part rebuilt, and 
if this is properly done, the entire range o f tide may be intro
duced throughout the whole area. As this basin now remains* 
we can but regard it as commercially a waste in itself. Its use 
in the scour of the Fort Point Channel is, however, not to be 
underrated ; and we strongly urge that it should in no wise be 
reduced unless this channel is to be relinquished. No 7-educ
tion, under any circumstances, should be permitted ivithout ade
quate compensation. The wiser course, it seems to us, will be 
the improvement of the channel by correcting abuses in the 
way of ill-conditioned encroachments, and removing mud banks 
here and there, so that tidal communication between the basin 
and the harbor may be more free for all phases. This done, the 
basin may be safely dredged out to any depth, and the upper 
eight feet of new tide water be counted as compensation.

W a l l in g  jn o f  S o u t h  B osto n  F l a t s .

§ 64. We first proposed the partial enclosure of the South 
Boston flats by a sea-wall or quay, in our Fourth Report, 
(page 10.) We quote the following:—

“  It is our opinion that a proper structure on the flats would prevent 
the premature dispersion o f  the South Bay stream, and perhaps extend 
its power to the margin o f the Main Channel. The structure referred 
to, which might be simply a quay wall, if  extended round the northern 
portion of the flats, along the line or limit of scoyr, (see the determined 
portion of this line upon Diagram A ,) would serve to prevent in part 
the dispersion o f the currents in the Main Channel, which now occurs 
in this neighborhood. The basin or dock within this wall should be 
deepened in order that a portion o f the tidal power, now superficial, 
might then re-enforce the activity in the lowest water stratum o f the 
channel. *

It'cannot be questioned that the volume o f tide water, which flows 
over fiats and shallow basins, is useful at distant points, although its
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tendency to increase the scouring power is not felt in the immediate . 
vicinity.”

We did not then speak of occupation. We did not even 
know that the space we proposed to cut off from the harbor 
had any pecuniary value. We admitted that the tide which 
covers these flats had no value as re-enforcement to the main 
stream.in the adjacent channel, and that it could only be use
ful at a distance; but the idea of removing it or transferring it 
above that part of the Main Channel requiring re-enforcements 
had never been discussed in our councils. On the contrary, we 

.speak, in the quoted paragraph, of deepening the enclosed 
basin so as to make its tide execute its work upon a lower plane 
and really do service in the Main Channel by this means. 
Subsequent examinations in the Upper Harbor confirmed us in 
the view that a quay wall about the flats would be a benefit, 
especially to the Main Channel, and that its early construction 
would be highly desirable. We also decided that the interior 
space might be reclaimed, provided that compensation in kindfor 
displaced tide water should be made. In this transfer of tide 
water we believed we saw an opportunity for making it far more 
useful by acting from a distance, than by any local change of 
depth, &c.

§ 65. It was in our Fifth Report that we first used the term 
occupation, and first proposed the transfer of tide water from 
South Boston flats to more interior basins, stating distinctly 
upon page 6, that the subject of the Report was “  the occu
pation or disposal of South Boston flats for purposes of busi
ness.”  “  Our attention,”  we go on to state, “  has been partic
ularly called to this subject, the importance of which has been 
ably enforced by several gentlemen who have favored us with 
their views,”  &c. Much of the subsequent portion of that 
Report is devoted to results bearing upon the ill-conditioned 
form of the Main Channel between the city and Castle Island 
contractions. The advantages to the Fort Point Channel which 
would be gained by enclosing the flats are not specifically 
referred to, because those arising from the same operation, for 
the Main Channel, appeared to us so much more important; 
nevertheless we state two relations which our structure should 
bear to the Fort Point Channel, as follows :—
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“ 1. It is desirable to conduct the ebb o f the South Bay to the Main 
Channel by a path o f uniform width, and as direct in course as the 
nature o f circumstances will admit.

“  2. The junction o f this channel with the Main Channel o f the har
bor, should be o f the form calculated to bring the ebb streams together 
at an acute angle that they may co-operate and re-enforce each other. 
At present the ebb from the South Bay meets that from the Charles 
and Mystic Rivers at so obtuse an angle that a portion o f the power is 
destroyed, and muds are suffered to deposit themselves near the junction. 
This difficulty will not be entirely remedied by a wall on the flats; because 
deposits off Long W harf would probably still go on. A change in the 
condition o f the flats may, in time, have to be followed by a change in 
the pier lines o f the city near the junction to which we have referred.”

§ 66. With regard to the first relation in our quoted para
graph, it may be well to state that we had discussed the pro
priety of recommending that the Fort Point Channel should be 
turned across the flats by an easy curve to the neighborhood of 
Slate Ledge, and the pier lines of the city advanced across the 
present channel over the point of the flats. No physical objec
tion appeared to this plan, as our correspondence with our 
engineers bears witness; but the alteration appeared too radical 
to be desirable to the commercial community, and we decided 
not to recommend the abandonment of the present bed of this 
channel, but to guide the stream easily into the Main Channel 
by as direct a path as .could be consistently given.

In our Sixth Report we ventured to describe the line of the 
quay wall after over two years of deliberation upon i t ; and 
even then we expressed ourselves hesitatingly upon the exact 
form of the line, fearing that we were bringing the Fort Point 
Channel rather too abruptly into the main artery of the harbor. 
In our Seventh Report we recommended a reservation from 
solid filling of a certain belt across the flats near the point, in 
the following words :—

“ On page 41, o f our Fifth Report, and on page 15, o f our Sixth, we 
speak of the deposits o f  mud likely to continue at the mouth o f Fort 
Point Channel, after the flats are enclosed ; and we suggest that it may 
become necessary, after due experience o f  the influence o f the quay 
wall, to provide a better direction for the outflow, by a change in the 
pier line on the Boston side. W e would further suggest that, until this

11

»
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experience is gained, a certain curved belt across the flats, should be 
preserved from solid filling, and remain the property o f the State.

“ W e have fixed upon the position of the belt we would recommend 
for reservation, and we describe it with reference to the meridian and 
parallel lying near it upon Mr. Boschke’s chart. The outer curve is a 
circle o f  582 metres radius, whose centre is 584 metres west o f 71° 02', 
and 20 metres north o f 42° 21'. The inner curve, (that is to say, the 
southern limit o f the reservation,) is also a circle ; it has a radius of 
435 metres, and its centre is 543 metres west o f  71° 02', and 65 metres 
north o f 42° 21'.”

It will be observed from these citations, and from the general 
tenor of all the references to the proposed quay, that our doubt 
and perplexity were confined entirely to the manner of convey
ing the ebb from the South Bay to the harbor basin. To carry 
the curve of our quay further to the eastward required the 
extension of the city pier lines in the same direction to a cor
responding distance ; a work which we feared was impracti
cable, since it involved too great a change to many interested 
parties. It might, we thought, be done at a later pei’iod, when 
the business of the city had extended itself over reclaimed por
tions of the flats, and, therefore, we recommended the reserva
tion of a belt. In regard to the line of the quay as influ
encing the Main Channel stream, we have entertained no 
doubts; but, to repeat ourselves, the difficulty of reconciling 
the course of the present Fort Point Channel to the Main 
Channel, we have frankly acknowledged. If we could feel 
assured that the pier lines would be extended eastward from 
Long Wharf, on the quay line we laid down in our Sixth 
Report, we could approve of conducting the South Bay ebb 
into the harbor at a point further down. This outflow of a sub
sidiary stream, at a critical point near the anchorage, presents 
a case, involving little or no local benefit and some ill effects. 
.Our Consulting Engineer, whose elaborate defence of the South 
Bay and Fort Point Channel appended to our Seventh Report, 
was called forth by a proposal made by Mr. Gray and others 
for closing this tidal avenue and receptacle, was forced to 
admit at the close of his article that he was “  unable to show 
that the South Bay and Fort Point Channel, in their present 
conditions, afford to the Upper Harbor, on the whole, any pbys-
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ical advantage,”  but believed with the proper care they might 
be turned to good account.

§ 67. We expressed ourselves willing (in our Fifth Report, 
page 42,) to see the experiment tried of enclosing the flats 
by a wall without extending the pier lines of the city. This 
was after we had concluded to preserve nearly the present 
course of the Fort Point Channel. If this course were to be 
altered materially so as to make it enter the channel further to 
the eastward, we should find reasons to object to any consider
able delay in the approach of the outer quay from the Boston 
side. The present point of the flats would be left as a shoal at 
the fork of the channel-mouth, and would probably work out
ward worse than at present, and increase slowly. Again, as we 
have stated in § 57, there seems to be a tendency to neutrality 
in the scouring forces in a portion of the channel near this 
point, and we should be unwilling to see the muds continue to 
work out towards it. They are doing so now, and it is this, 
among other shoal formation, that our wall is calculated to pre
vent. We are aware that tlyj building of such a wall would 
occupy several years; and, therefore, to secure the harbor against 
the disaster consequent upon the abandonment of such an under
taking when half-completed, we have recommended that nothing 
be done till the means for completion can be guaranteed. “  We 
advise,”  we say in our Seventh Report, page 19, “  that no 
attempted beginning be made until the means are fully provided 
for going as far as Slate Ledge.”

§ 68. In the first part of this Report we have shown that 
the usefulness of a tidal reservoir is confined to that portion of 
the harbor, or its channels, which lies below, that is to say, 
seaward, of such a receptacle.

Our plan of transfer of the tidal prism now occupying South. 
Boston flats has been calculated to accomplish the following 
objects:—

1. To prevent the dispersion of the tidal streams between 
the city and Castle Island.

2. To quicken the currents generally in the Main Channel.
3. To improve the order of epochs in the Main Channel.
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4. To bring the outflows of the rivers into more harmonious 
' accord.

5. To merge the river and tidal currents more effectually, 
and farther above the city.

6. To compel a more complete deposit of the river muds in 
reservoirs above the city instead of below.

That the first and second of the above objects will be in part 
realized by the walling in of the flats, and the transfer of its 
tides to the river basins we have shown in previous Reports.

The third object will be gained if the flats of the Mystic are 
removed and the bridges of the Charles River improved, that 
is to say, if frictional and angular resistances to the progress of 
the tide and its accompanying currents are reduced.

The fourth objfect is closely dependent upon the third, and 
will be realized if, in addition to the removal of the flats in the 
Mystic, the bed of the estuary is dredged away to the lowest 
reach of the spring tide, so that the journey of the tide to and 
from the upper reaches of the river may be made without the 
present loss of time.

The fifth object is to be gaineiby increasing the ratio of the 
tidal to river waters in the basins above the city, so that the 
latter may lose all its distinctive characteristics before reaching 
the Main Channel.

The sixth and most desirable object will be gained by restor
ing to the river basins their ancient offices as expansion reser
voirs, for by so increasing their areas as to diminish their 
currents and make both flood and ebb drifts slacken their 
speed, they will throw down their burden of mud. The transfer 
of the tidal prism from the South Boston flats to the river basin, 
is designed to accomplish a twofold benefit to the harbor in 
this single respect of properly dispersing sediments; objects 
second and third being reached.

The Mystic Pond we have long looked upon as an available 
reservoir for additional tide water. It is too distant for the 
useful introduction of the entire tidal prism, but from calcula
tions it appears that that portion of the prism lying above the 
two-foot plane of mean tide can be made serviceable simply by 
cutting away the natural dam to mean low-water, and throwing, 
if necessary, a weir across to cut off the ebb at the plane we 
have stated.
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In an Appendix to this Report, Mr. Mitchell discusses the 
form of -tide which this pond could receive by a canal of given 
dimensions, and the time of each phase. So many considera
tions of economy and convenience must be entertained in any 
proposal for extending a canal to this pond, that he has simply 
assumed a rectangular water-way of the form most simple for 
his computations, and proposes to take up, as a separate discus
sion, the minor questions of the best and most economical 
forms.

Since this is the last Report of the present series, on the 
physical condition of Boston Harbor, it offers a suitable occasion 
for saying a few parting words.

We desire, in the first place, to make ouf profound and sin
cerely grateful acknowledgments for the kind, liberal, confiding 
and courteous favor and support always extended to us. by the 
government of the city of Boston, and particulary by His 
Honor, the Mayor, and the gentlemen of the harbor com
mittees with whom we have been brought into familiar inter
course. Handsome appropriations have uniformly anticipated 
the expenses of our field-works ¡»personal aid and encourage
ment have never been wanting, Vnd we have enjoyed unre
strained freedom in the prosecution of our undertaking, both 
as to methods and means.

As engineers, we could not, possibly, have been more agree
ably situated, and we have been fully aware how much our 
responsibility and obligations were increased by the trust 
reposed in our industry and fidelity. This generous treatment 
has emboldened us to enter upon a task, of which we said in 
our Preliminary Report, that we regarded it “  as a public trust 
and duty to which we found ourselves called by our official 
position and in our Fourth Report, “  that we have been 
aware, from the beginning of our labors, that we had before us 
a long and complicated undertaking.”

So far as the Inner Harbor of Boston is concerned, this task 
is completed ; and it is completed in the way we first laid 
down.

We have pursued a course of investigation, minute, thorough 
and precise. We have reached our conclusions through patient 
observation and study. We have fulfilled expectations which,
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at the commencement, were high and exacting. And we are 
gratefully conscious that, for the opportunity to perform this, 
to us, labor of love, we are wholly indebted to an indulgence 
that was never wearied, and a reliance that nfever faltered. In 
return, we venture to hope that what we have done will, sooner 
or later, prove to be really beneficial to the city of Boston and 
the country. Time, by constantly furnishing the means of new 
comparisons, cannot but add to the value of results which, we 
are assured, are accurate and trustworthy.
• Since we began the work we are now about bringing to a 
close, one of our number has passed away. By the death of 
General Totten, of the Corps of Engineers, we lost an associate 
of large experience, eminent ability and scrupulous integrity. 
He carried into all the business o f his life a conscientious 
exactness which, joined to his learning, gave to his opinions 
and judgments uncommon value. An affectionate disposition, 
and a nice sense of delicacy toward others, removed from this 
rigid uprightness of mind and character any appearance of 
severity. His loss to the Commission was very great. But the 
present Report, which is, in many respects, a summing up and 
a recapitulation of those tfliich have gone before, contains 
opinions and conclusions matured while he was in our coun
sels ; and he may, therefore, be considered to have contributed 
almost as much to its preparation as he would have done had 
he actually been with us in bodily presence, as he always is in 
spirit.

In the further discharge of our obligations, we have to say 
that, without the efficient co-operation of the Coast Survey of 
the United States,— without its vessels, its instruments, its 
assistants, its books, its training, its methods and its accumu
lated resources and stores of information, we should never have 
ventured to invite the city government to engage in our enter
prise, the mere expense of which, without such help, must have 
provoked serious opposition.

Our debt to the Coast Survey does not consist only of the 
means and instruments of surveying, and of competent per
sons to use them, but it embraces also the data for making 
(through its former labors in the same field,) comparative maps, 
showing the changes which have actually taken place,’ and 
which are constantly in progress in that part of Boston Harbor
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which we have under consideration. These maps are of inesti
mable value; the information they contain is becoming every 
day more important, and in them the engineer will always find 
a safe instructor and guide.

[Professor A. D. B a c h e , ( Superintendent U. S. Coast Sur
vey,') owing to severe indisposition, has not been able to'co-op
erate with his associates in completing this final Report of 
the labors in which he took part.]

RICH'D DELAFIELD, Major-Gen'l,
Chief Engineer, Z7. S. Army.

C. H. DAVIS, Rear-Admiral,
Sup’d’t V. S. N. Observatory.
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Table No. 1.

Gurrents o f  Charles and Mystic Rivers.
[From Observations made for the U. S. Commissioners on Boston Harbor, by H. M i t c h e l l , Assistant United States Coast Surrey.]
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O i f  Magazine, . . . . 3è 0 30 0 47 0 56 0 2 2 6 34 5 30 09 08 6 09 4 49
Charles River Basin, . n 0 0 - 1 0 0 - 0 44 5 03 13 OS 4 0 0 1 0 0

Below bridges, . . Ì 15 30 50 1 0 6 25 5 2 2 2 0 05 5 18 3 15
Mystic River.

$ Junction of Charles & Mystic )
< rr J y
( l i i  vers, . . . C — 13 45 1 2 0 00 6 52 4 44 35 13* 4 55 4 00

O ff Ten Hills, . 3 00 38 58 — 05 6 34 5 24 2 0 11 5 41 4 30
Mystic Basin, . . là 40 - 44 - 6 2 0 5 45 15 2 0 4 00 1 00
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Table No. 2.
Tidal Heads in  Charles River and Fort Point Channel.

[From Observations made for the U. S. Commissioners on Boston Harbor, by H e n r y  
M i t c h e l l , Assistant U. S. Coast Survey.]

I N  C H A R L E S  R I V E R .

Heights at C harlestow n B ridge m inus H eights 
at Cragie 's Bridge.

H eights at C ragie ’s B ridge m inus H eights in 
Charles R iver Basin.

H o c k s .
Head o f  
F lood .

H o u r s .
Head o f  

E bb.
H o u r s .

H ead o f  
F lood .

H o u r s .
H ead o f  

E bb.

0 ,
F eet.
0.00 V I, .

F eet.
.02 o, .

Feet.
.00 V I, .

F eet.
+ .0 1

i, .07 V II, . — .16 i, .07 V II, . — .08
ii, .26 V i l i ,  . — .33 i i , . .09 V i l i ,  . — .12

in , .49 IX , . — .30 i n ,  • .02 IX , . — .18
IV, . .3S X , . — .44 IV , . .24 X , . — .12

V, .28 X I, . — .44 V , . .02 X I, . — .OS
VI, . .02 0 ,  . .00 V I, . .01 0, . -J-.03

Mean,* .25 Mean, — .28 Mean, .07 Mean, . .10

*  Mean ord inate for six  hours.

Rise and fall equal for this date, 2d September, 1S63.

IN  F O R T  P O IN T  C H A N N E L .

H eights at L ow er Central Railroad B ridge, m inus H eights at D o ve r  Street Bridge.

H o u r s . Head F lood . H o u r s . Head E bb.

o, . . . . 0.00 VI, . . . . + .00
i, . . . . + .07 v i i , .............................. — .12

ii, . . .  . + .26 V ili, . . — .28
h i ........................................ + .6 0 IX , . . . . — .35

+ .69 — .43
IV, . . .  . + .60 X , . . . . — .57
V, . . . . + .30 X I, . . . . — .52

V I........................................ + .00 o , • — .01

R e m a r k s .— 31si Aug., 1863. Mean head for s i x  hours o f  flood, 0 . 3 0 } ; 
for ebb, 0.31.

1 2
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COO

Comparative Table—  Currents o f  different Stations in Main Channel.
[From Observations made for the U. S. Commission on Boston Harbor, by H e n r y  M i t c h e l l , Assistant U. S. Coast Survey.]
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Table No. 4.
Tidal Currents o f Boston Upper Harbor.

[From Observations made for United States Commission on Boston Harbor, by Hbnry Mitchell, Assistant U. S. Coast Survey.]
S u r f a c e .
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1 Castle Island Narrows, .
Miles.
0.50

Deg.
131

Miles.
0.82

Deg.
129

Miles.
0.90

Deg.
121

Miles.
0.85

. Deg. 
120

Miles.
0.55

Deg.
109

Miles.
0.00

Deg. Miles.
0.85

Deg.
296

Miles. *
1.05

Deg.
302

Miles.
1.30

Deg.
305

Miles.
1.40

Deg.
303

Miles.
1.25

Deg.
306

Miles.
0.32

Deg.
318

Miles. 
’ 0.60

Deg.
122

Miles.
0.95

Deg.
304 5 ' 0 M 8 “  

1 V .h 57“
2 South o f G overnor’s Island, . 0.00 ■ - 0.00 -  - 0.00 - 0.00 - 0.00 0.00 - 0.20 295 0.35 306 0.37 306 0.30 319 0.20 318 0.00 0.00 - 0.24 308 -

3 N . W . o f Castle Island, 0.35 135 0.56 135 0.75 135 0.90 135 0.65 143? 0.25 135 0.03 292 0.70 286 0.75 287 0.80 289 0.80 281 0.10 9 0.58 135 0.53 . 286 1  0.“ 10“  
{  V I.1 06“

4 U pper M iddle Channel, 0.25 116 0.97 129 1.00 132- 0.95 133 0.62 134 0.20 157 0.32 280 0.60 296 0.80 303 1.05 302 1.00 300 0.30 300 0.66 132 0.63 299 5 0.6 25“  
j V I.» 05“

5 N . W . o f  U pper M iddle, 0.25 103 0.90 114 0.94 119 0.90 119 0.72 122 0.10 ? 0.30 287 0.60 301 0.78 293 0.80 290 0.67 291 0.15 310 0.63 117 0.52 294 *5 0.h 30“  
1 V I.h 12”

6 W . o f  B ird Island B ea con ,' . 0.00 - 0.02 - 0.02 - 0.10 - 0.08 - 0.02 - 0.60 300 0.77 296 0.60 300 1.00 302 0.75 297 0.03 - 0.04 - 0.63 299 5 o.h U»
1 V .h 45“

7 O ff M iddle B ird Island, 0.15 115 0.00 - 0.10 119 0.10 110 0.00 - 0.20 291 0.60 294 0.65 305 0.70 296 0.83 305 0.50 305. 0.00 • - ,0.07 - 0.55 300 0.h 0“

8 OIF Slate L edge, . 0.38 122 0.76 120 1.09 125 1.20 130 0.85 1£4 0.23 149 0.31 324 0.80 317 0.91 314 ' 1.05 309 0.85 316 0.00 - 0.75 126 0.65 314 V I.1 29'“

9 S. W . o f Slate L edge, . 0.00 - 0.05 38 0.05 50 0.07 37 0.10 59 0.00 . - 0.10 267 0.26 275 0.10 273 0.05 2 4 3 ' 0.05 216 0.03 360 0.05 47 0.10 270

10 N . W . o f Slate L edge, . . 0.05- 136 0.40 128 0.40 128 0.42 128 0.38 132 0.05 131 0.10 314 0.66 309 0.85 309 0.70 317 0.85 306 0.20 328 . 0.28 129 0.56 314 5 0.h 28* 
) Y I.h 22”

11 W . o f B ird Island Spit, 0.05 151 0.07 147 0.20 117 0.40 147 0.00 - 0.00 - 0.05 318 0.41 318 0.53 309 0.60 296 0,55 299 . 0.18 295 0.12 139' 0.39 304 0.“ 36“

12 B etw een East Boston and B ird Island, 0.05 -  ' 0.00 - 0.00 - 0.00 - 0.00 - 0.10 283 0.40 295 0.10 255 0 .1 5 ; 266 0.15 249 0.20 238 0.00 -  . b.oo - •0.18 270 X I.1 47”

13 P oint o f South Boston F la ts ,.' . 0.15 132 0.25 140 0.17 137 0.17 127 0.05 127 0.00 • - 0.02 360 0.30* 316 0.28 260 0.25 240 0.05 240 0.00 •T 0.13 134 0.15 274 X I.1 03“

1 4 ’ O ff P oint o f South Boston Flats, . 0.12 96 0.18 114 0.42 128 0.74 128 0.60 130 0.15 - .0.36 338 0.50 335 0.72 340 0.73 346 0.54 315 0.30 ; 348 0.37 125 0.53 337 f  0.1 43”  
1 V I.1 25“

15 O ff L ong W harf, . 0.07 19 0.18 145 0.25 . 150 0.17 145 0.13 148 0.00 0.30 346 0.40 340 0.42 348 0.30 330 0.24 323 0.18 344 0.13 136 0.31 339 ~

16 F ort Point Channel, . . . ' 0.35 22 0.44 22 0.|5 17 0.40 22 0.20 4 0.00 ■ - 0.10 225 0.45 213 0.67 225 0.83 213 0.85 213 0.35 236 0.31 19 0.54 219 0.1 24”

• 17 O ff Cunard W harf, . 0.11 137 0.40 178 0.40 160 0.44 173 0.21 166 '0.00 - 0.20 316 0.70 313 0.87 327 0.95 319 0.73 310 0.15 315 0.26 167 0.60 318 V I.1 09”

18 O ff U nion W harf, 0.00 - .0.00 - 0.18 183 0.35 183 0.28 205 0.00 0.50 342 0.85 350 0.80 351 0.90 351 0.50 346 0.30 345 0.13 191 0.64 349 I 0.1 41“  
■) V .1 45“

19 Junction o f R ivers, 0.00 ■ — ' 0.60 145 0.50 145 ... 0.67 141 0.55 134 0.00 - .0.20 4 0.55 305 0.50 309 O.75 300 0.75 289 0.25 284 0.39 141 0.50 302 ( 0.1 45“  
t v i 1 00”

*  Between VHP- and IX 1-  Bips. , ' - . t Means by weight.
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Table No. 5.

Tidal Currents o f Upper Harbor.
[From Observations made for.United States Commission on Boston Harbor, by Henry Mitchell, Assistant U. S. Coast Survey.]
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Feet. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. - Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg. Miles. Deg.
1 Castle Island Narrows, 14 0.60 131 1.2Ó 127 .1.32 120 1.07 J 117 0.65 112 0.00 • - 0.45 296 1.36 300 1.75 305 2.15 305 1.85 307 0.37 318 0.81 121| 1.32 305$

4 U pper M iddle Channel, 13 0.60 123 1.15 123 1.12 126 1.09 127 0.83 135 0.20 147 0.30 283 0.52 304 0.80 301 0.92 302 0.85 305 0.27 298 0.83 128 0.61 299

5 N . W . o f U pper M iddle, 15 0.35 108 0.95 116 0.94 117 0.90 119 0.72 122 0.12 123 0.35 297 0.60 303 0.80 298 0.90 296 0.69 291 0.45 292 0.66 118 0.63 296

6 W . o f B ird Island B eacon, 13 0.20 119 0.02 - 0.02 - 0.15 98 0.12 100 0.02 - 0.48 300 0.80 296 0.80 300 1.00 302 0.80 296 0.03 - 0.09 - 0.65 299

7 O ff M iddle B ird Island, 11 0.30 116 0.00 - 0.10 I l l 0.10 111 0.10 100 0.20 f 291 0.75 294 0.75 297 0.60 296 0.85 297 0.90 305 0.00 - 0.10 112 0.64 298

8 O ff Slate L edge, . 12 ,0 .50 . 120 0.84 120 1.17 125 1.44 127 0.92 125 0.24 127 0.44 330 - 0.93 310 1.04 314 1.12 309 0.85 313 0.00 0.85 124 0.73 313

8 u  it 2 2 0.50 123 0.84 119 1.17 125 1.33 134 0.92 125 0.24 123 0.48 338 0.77 317 0.75 314 0.95 309 0.65 314 0.00 0.83 125 0.60 318

•10 N. IV. o f Slate L e d g e ,. - 13 0.00 - 0.50 121 0.68 116 0.98 125 0.78 126 0.30 133 0.30 314 0.75 312 0.94 314 0.85 303 1.00 307 0.20 315 0.54 124 0.67 310

i l W . o f  B ird  Island Spit, 12 0.05 151 0.30 143 0.60 143 0.40 143 0.00 - 0.00 - (£08 ‘ 318 0.35 318 0.63- 309 0.60 305 0.73 300 0.25 296 0,23 143 0.44 306

14 O ff P oint o f Flats, ■ 1 2 '  0.69 96 0.85 158 0.87 135 0.80 '  138 0.64 140 0.18 - 0.36 338 0.65 332 0.72 340 0.73 344 0.54 315 0.30 348 0.67 135 0,55 333

14 i t  it 24 0.48 96 0.46 158 '0 .64 135 0.76 138 0.65 140 0.18 - 0.06 338 0.37 330 0.74 340 0.64 340 0.84 315 0.15 - 0.53 134 0.47 331

15 O ff L ong W h a rf,.  . . 13 0.08 • 19 0.28 142 0.33 149 0.32 142 or28 143 0.08 96 0.27 353- 0.42 340, 0.46 346 0.35 336 0.34 335 0.18 351 0.23 134 0.34 343

16 F ort P oint Channel, 15 0.81 22 0.78 22 ' 0.73 - 17 0.66 17 0.38 4 0.00? - 0.10 225 0.18 213 0.11 225 0.75 213 0.85 213 0.25 |270? 0.56 18 0.37 214

17 O ff Cunard W harf, 36 0.18 143 0.47 165 0.65 144 0.86 155 0.74 153 O .lO f 312 j 0.60 318 0.72 316 0.65 325 0.60 320 0.49 314 0.15 337 0.50 153 0.54 322

18 O ff U nion W harf, 18 0.44 1 5 2 1 0.60 152 0.94 150 0.97 150 0.72 150 - - - 0.25 344 0.32 336 - - ■ - - - 0.61 150 - -

18 i t  i t  it 30 0.38 145 - - 0.68 150 1.00 150 . 0.65 150 0.02 - 0.50 342 0.25 344 0.36 336 0.30 329 ’ 0.16 345 0.05 V _ . - 0.27 339

19 Junction o f  R ivers, • : . 12 0.Ó0 - 0.46 147 0.73 149 - -  . - - 0.00 - - - - - 0.90 305 0.95 302 0.75 301 0.30 270 - - - -

19 it  . tt 18 - -  ■ - - - 0.67 143 0.95 150 - • - 0.26 344 0.95 310 0.60 305 0.75 306 - - - -• - - -

*  The depths, measured from surfaee, are those at wtich the currents were observed. t Rejected in means. Duration of flood regarded as 6 hours, and ebb as 6 hours. Î Means by weight.
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A P P E N D I X .

REPORT OE HENRY MITCHELL,

A ssistan t  U . S. C o a s t  S u r v e y , C o n s u l t in g  E n g in e e r  t o  U . S.

C o m m issio n .

> G e n tlem en ,— I  beg leave to call your attention to the results o f an 
analysis which I  have attempted o f the tides o f Boston H arbo* by  
which I  hope to furnish a better exhibit o f the effects o f artificial and 
natural obstructions. The method is very simple and will be readily 
followed after we agree upon a few terms which I  shall have occasion 
to use.

§ 1. Upon a sheet o f profile paper I  plot a day’s tide in the usual 
manner, using the times and heights as coordinates. Across the figure 
I  draw the line of mean level— the mean of very frequent observations 
at equal intervals between one low-water and the next. The portion 
of this line between the ttvo intersections o f the curve I  call the 
diameter. Parallel to the diameter I  draw lines— foot spaces wre will 
suppose— which I  call chords. The lowest chord, that which lies at 
the plane o f  low-water, I  call the base or “  length ”  (as this word is 
technically used in reference to waves.) From the high-water apex o f 
the figure I  draw a line downwards which shall bisect each chord, the 
diameter and the base, and this line I  call the axis. The portion o f 
the figure above the line o f  mean level I  shall, in the usual phraseology, 
call the positive wave, and that below, the negative.

§ 2. According to Dr. Whewell, the plotting o f the normal tide will 
describe a curve o f sines very closely; that is, if we divide the base o f  
the observed curve into a certain number o f equal parts— say twelve—  
and erect upon these multiples o f the sines o f  -jhj, T35, &c., o f  180 
degrees, we shall develop a curve coincident with that observed. I f  we 
accept this as applicable to the positive or negative wave separately
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considered, we may define it, using the terms just explained as follows: 
The normal tide is a curve o f sines for a circle of the same diameter 
whose radius is the high-water or low-water ordinate observed. For 
such a tide it is evident that the rates of vertical change will be equal 
for corresponding hours o f the rise and fa ll;'th e  axis will be a straight 
line coincident with the maximum ordinate, and the chord bisecting this 
maximum ordinate will be two-thirds the diameter. Here we have 
ready tests for the undistorted tide without going through with the 
details o f a comparison.

I  have never found the tide at any station on our coast answering 
these tests strictly even when diurnal inequalities were absent, or the 
elementary waves separately used for comparison. The tide as it 
enters the mouth o f Boston Harbor is mis-shapen, but not more so than 
at the entrances o f most of the harbors on our coast. Within this 
harbor the cases presented are those o f  tides propagated into basins 
and lagoons by contracted avenues much obstructed by artificial con
structions, littoral and transverse. Before proceeding to analyze them, 
I  t*ke the liberty to introduce some observations made by myself 
several years ago, expressly designed to throw light upon the effects of 
channels upon the form o f  the tide traversing them. I  think these will 
illustrate the effects o f natural causes under similar circumstances to 
those once existing in Boston ; and may enable us better to distinguish 
those effects upon the tides o f  the Boston basins which are due to 
artificial encroachments upon the avenues o f communication.

Analyses o f  the Tides o f  Nantucket Harbor. 
[From Observations made by the Coast Survey, 1855.]

Height.

A .

Lower Harbor.
B.

UprER Harbor.

A
xi

al
 D

el
ay

.

Remarks.

Delay in Times
OP REACHING

same Heights.

Centre. Length. Centre. Length.
Rise 

A t o  B.
Fall 

A  to B.

II. M. H. M. H. M. H. M. H. M. H. M. IL M.

L. W , 13 15 13 17 15 00 13 15 1 45 Zero. 1 45 1 45

1.00, . 13 16 9 02 11 47 8 45 1 31 1 38 1 23

2.18, . 13 22 * 6 36 14 35 6 00 1 13 1 30 0 57

3.27, . 13 20 4 06 14 20 3 27 0 51 1 10 0 32

II. W., 13 35 0 10 14 17 0 06 0 42 4.35 ft. 0 42 0 42

The tide at A. is affected by diurnal inequality of times.
Duration of rise at A. =  6h. 25m. Duration of fall at A. =  5h. 53m.
Duration of rise at B. =  5h. 44m. Duration.of fall at B. =  6h. 38m.
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In this table the length o f each chord is given in time for both basins, 
also the middle time o f each chord in columns marked centre, and the 
difference in these middle times between the two basins, in column 
entitled A xia l Delay. Tw o other columns o f  data are added, giving the 
differences in time of reaching the same absolute height for the waters 
of the two basins. The chord length at low-water is the time between 
one low-water and the next ; that at high-water is simply duration of 
stand. The peculiarities discovered by this analysis are illustrated in 
part by figure 2, o f Diagram C, appended to this Report.

It appears, first, that the axial delays are l h' 45m' at low-water, and 
but 0h- 42m- at high— in other words, the axis o f the Upper Harbor tide 
has an inclined position relative to that o f the Lower Harbor. This 
results from the greater speed with which the upper portion o f the tide- 
wave travels, or really from the greater retard o f the lower portion 
which finds a shallower channel. Second, the chords lessen in length as 
we follow them from one basin to the other, except at the base; in other 
words, the figure sharpens as it advances, growing narrower from front 
to rear. Third, for middle portions o f the tide the delay in filling the 
upper basin is greater than that o f draining; but for the entire tide the 
duration o f rise lessens while that of fall lengthens.

§ 3. The sharpening o f the wave, and its tendency to lean forward 
as it advances, I  regard as the leading characteristics o f a tide moving 
up a shallow and shoaling channel. The waves of the sea, as they 
move upon the coast,-exhibit the same features; they sharpen, their 
axes incline more and more forward, and finally they topple over as 
breakers. The tidal “  bore," I presume, is the breaker of the tide-wave 
in a limited sense.

§ 4. After this view o f the changes o f tidal figure due to natural 
causes similar in some respects to those present in Boston Harbor, 
although in greater magnitude, we may turn to the analyses o f  the 
observations made in Fort Point Channel, in Charles River and in M ys
tic River, with some prospect of distinguishing those features which are 
the result o f  artificial obstructions in the tidal path. These analyses 
follow.

s



Analyses o f  the Tides o f  Fort Point Channel and South Bay . 
[Frogi Observations made for the U. S. Commissioners, August 31,1863.]

HEIGHT.

A.
Lower Central Railroad 

Draw.
B.

Dover Street Bridge.
c.

South Bay. ; Axai Delays. Delays in Reaching similar Heights.
Remarks.

Centre. Lens tin Centre. Length. Centre. Length. A to B. B to C.- Rise A to B. Fall A to B. Rise B to C. Fall B to C.
H. M. II. M. II. M. II. M. H. M. H. M. M. M. M. M. M. M.

1.30, 13 18 12 20 13 20 12 24 13 20 12 20 02 00 00 02 02 — 02 Low water.
9—, . 12 50 12 09 12 52 12 12 12 53 12 12 02 01 01 04 01 01
3, . . 12 51 11 18 12 56 11 25 12 58 11 29 04 02 02 00 . 09 04
4, . 13 24 9 27 13 33 9 34 13 38 9 37 09 05 0G 13 03 0G
5, . . 13 26 8 34 13 37 8 42 13 42 8 44 11 05 07 ' 15 04 0G
G, . . 13 28 7 45 13 41 7 48 13 44 7 49 13 . 03 12 15 02 03
7, • • 13 27 G 59 13 39 G 57 13 43 7 01 12 04 13 ' n 02 05 ■J

13 15 9 47 13 23 9 52 13 25 9 53 08 03 0G 0.9 03 03

8, . . 13 27 G 13 13 39 6 09 13 40 6 10 12 01 14 10 01 02
9, . 13 24 5-27 13 35 5 23 13 3G 5 24 11 01 12 08 01 02

10, . . 13 22 4 43 13 31 4 38 13 32 4 39 09 01 12 07 01 02 Positive
11, • • 13 18 3 58 13 28 3 53 13 28 3 53 10 00 12 07 01 01 w
12, . 13 16 3 11 13 24 3 07 13 25 3 07 08 01 10 06 01 01
13, . . 13 14 2 18 13 22 2 13 13 22 2 13 08 00 10 05 00 00
14, ■ • 13 11 0 34 13 09? 0 22 13 13 0 30 — 02? 04? 04 — 08? 00 08 ? High water.

13 19 3 4GJt 13 27 3 40 13 28 3 42 08 01 09 05 01 02

13 17 G 47 13 25 G 4G 13 27 G 48 08 02 08 07 02 03 Gen’l mean.

A
PPE

N
D

IX
. 
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ay,



Analyses o f  the Tides o f  Charles River.
[From Observations made for the U. S. Commissioners on Boston Harbor, Sept. 2, 1863 ]

No l. No '2. No. 3.
Below Charlestown Axal (Delays. Delays in Times of Reaching similar Heights.Below Cragie’s Bridge. Charles River Basin.

n EIGHT. Remarks.

Centre. Length. Centre. Length. Centre. Length. No. 1 to 2. No. 2 to 3. Rise 1 to 2. Fall 1 to 2. Rise 2 to 3. Fall 2 to 3.

H. M. H. M. H. M. II. M. H. M. II. M. M. M. M. M. M. M.
0, 14 56 12 28 15 00 12 36 14 58 12 32 04 — 02? 00 08 00 00 L. water.
0 9, 14 51 10 53 14 58 11 00 15 00 10 59 07 02 04 10 02 01 "Ì

Supplement1.9, 14 56 9 51 15 04 9 57 15 00 9 57 08 02 06 11 02 03
2.9, 14 57 8 54 15 07 8 57 15 10 8 58 10 03 10 12 02 03 y
3.9, . 14 59 7 58 15 10 7 57 15 13 8 00 11 03 13 10 00 04 Negative
4.9, . 14 59 7 04 15 12 7 03 15 14 7 05 13 02 14 12 00 04 .

14 56 9 31 15 05 9 35 15 o co böi
- 9 35 09 02 08 10 01 02 j

5.9, . 15 00 6 08 15 11 6 OS 15 13 0 10 - 11 02 12 10 00 04
6.9, 14 57 5 16 15 09 5 16 15 12 5 15 12 03 11 11 04 03
7.9, 14 53 4 19 15 05 4 17 15 07 4 20 12 02 13 10 01 05 >
8.9, 14 53 3 30 15 04 3 27 15 00 3 30 11 02 12 10 01 03 Wave.
9.9, . 14 51 2 34 15 02 2 28 15 03 2 32 11 01 13 08 00 03

11.1, . 55 0 20 15 00 05 15 05 10 05 05? 05 02 05 05 [I. water.

14 55 3 41 15 05 3 37 15 08 3 39 10 03 11 09 02 04

Delay No. 1 to No. 2 ,10m., or about 20m. to the mile; No. 2 to No. 3, 03m., or about 6m. to the mile.
çr>
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Analyses o f  the Tides o f  Mystic R iver .
[From Observations made for the U. S. Commissioners, Oct. 3, I860.]

A. B. c.
— —

Navy Yard. Axial Deh-u's. Delays in Reaching similar Heights.
HEIGHT. Ten IIills Farm. Medford Bridge. Remarks.

Centre. Lcn¿til. Centre. Length. Centre. • Length. A. to B. B. to C. Rise A. toB. Fall A. to B. Rise B. to C. Fall C. to B.

II. M. II. M. II. M. II. M. II. M. II. M. M. M. M. M. M. M.
0.5, . . 13 12 n 10 13 43 11 21 No tide. No tide. 31 _ 25 37 _ _ L  W . =  0.10.
1.5, . . 13 18 9 50 13 45 10 00 14 14 10 45 27 29 23 32 08 51

1 Supplement of 
i Negative Wave.

2.5, . . 13 22 8 38 13 45 8 45 14 04 9 04 23 19 20 27 09 28
3.5, . . 13 28 7 39 13 4G 7 35 13 59 7 44 18 13 20 16 09 18
4.5, . . 13 30 0 37 13 42 6 28 13 52 6 33 12 10 17 08 08 13

13 22 8 47 13 44 8 50 - - 22 1 8 ? ' 21 24 09 28

5 5, . . 13 29 5 37 13 3S 5 27 13 48 5 27 09 10 10 05 09 09 I
6.5, . .
7.5, . .

13
13

29
28

4
3

35
28

13
13

34
31

4 28 
3 25

13 42 
13 37

4 26 
3 18

05
03

08
06

08
04

01
01

09
10

07
03 [Positive Wave.

8.5, . . 13 23 2 14 13 30 2 16 13 36 2 24 07 0G 06 08 09 02 J
9.4, . . 13 20 0 10 13 24 0 17 13 37 0 15 04 12 - - - - Plane o f 41. \V.

13 25 3 13 13 31 3 11 13 40 3 10 06 08 07 04 09 05

13 24 13 38 - - -  . 14 13 15 - 15 09 1G General Mean.

D iS T A N C E S .-r -N a v y  Yard to Ten Hills, 3 miles; Ten Hills to Medford Bridge, 2 miles.

A
PPE

N
D

IX
. ' 

[M
ay,
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§ 5. In the first o f the foregoing tables— that for Fort Point Chan
nel and South Bay— we observe no sharpening o f the wave as a whole, 
although the chords for the upper half o f the tide are shortened as we 
advance from the harbor, those for the lower half are increased. The 
axial delays are large from A  to B , considering the short distance trav
ersed, but these do not culminate at low-water, but in middle portions o f 
the tide. The axes .do not lean forward, but curve backward, so as to 
present something like the form o f a bow. Here is an indication that 
the obstructions are of that class which depend for their effects upon the 
horizontal movement o f water particles; for they do not delay those 
stages o f the tide which require no considerable horizontal motion. 
The same indication is given more strikingly by the figures in the first 
and second columns of “  Delays in reaching the same stages; ”  the 
maximum delays o f rise and fall do not occur at the same stages when 
equal sections and. perimeters obtain, but follow more nearly the veloc
ities of the currents. The currents do not acquire their greatest veloc
ities at half-tide, but at a later period— the flood at a higher stage, the 
ebb at a lower. (See Table V III . o f  my Appendix to your Seventh 
Report.)

Between B and C, or in the South Bay itself, deflections appear only 
in the lower stages o f the tide, when the current is pouring rapidly 
through a narrow and tortuous channel, scarcely six feet deep. A t 
higher stages of the tide the section o f this bay so enlarges, that the 
necessary translation o f the water-volumes produces but a feeble drift, 
and at these times no deflections appear. The channel or lead for low- 
water is no doubt scoured out mostly by the latter part o f the ebb cur
rent, but not effectually as it would be i f  this stream were constant. 
The bottom is formed and moulded more or less by every stage o f  the 
tide, and therefore may react upon any one stage; so, I  conceive, the 
last of the ebb current finds itself not wholly master, but in part under 
the constraint of the channel. The mean axial delays for the bridged 
portions o f the Fort Point Channel and the South Bay are as 8 to 3 for 
the lower half o f the tide, and as 8 to 1 for the upper h a lf; the 
distances are as 8 to 5.

§ 6. In the second table, that o f  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 o f  the 
axis occur in the lower 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 o f thir
teen minutes, in the latter only three minutes. In these distances the 
half-tide sections, in the averages, do not differ much, while the perim- 

1 3
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eters differ widely, but are greater for the upper reach. It is plainly 
shown, then, that section and perimeter are not elements that need b e . 
considered in the comparison, and that the effects are those o f artificial 
encroachments which offer the greatest resistances, or those most appar
ent, at the time when the greatest volumes are struggling through them 
in .the effort to fill or drain the interior basin. The columns for delays 
o f reaching the same absolute heights exhibit the same features that we 
noticed for the bridged portion o f the Fort Point Channel, v iz .: the 
greatest delays o f flood occur above the half-tide, while those for ebb 
occur below the same plane.

I f  we compare the space between Charlestown and Cragie’s Bridges 
with that between the latter and a point above West Boston Bridge, 
(Stations 1 to 2 and 2 to 3 o f our table,) we have the following :—

Axial d e l a y s , ...................................................................................9.5 : 2.5
•Delays in reaching similar h e i g h t s , ......................................... 9.5 : 2.3
Number o f bridges, . . . . . . . . 7 : 2

The correspondence in the above ratios cannot be accidental. It is 
true that we cannot suppose the bridges are guilty o f  the whole disturb
ance, nor suppose that if they are, their positions and kind of construc
tion would admit o f our concluding that they each take an equal share, 
still I  will let the comparison stand.

The third table, that for Mystic River, presents comparisons of sta
tions more widely separated than those we have examined heretofore. 
In this analysis we find a re-appearance o f some o f the phenomena pre
sented in the Nantucket tides. The axial delays reach a maximum at 
low-water, and exhibit no disposition to curve backward at half-tide; 
the same may be said o f  the delays o f similar heights. In fine, the 
Mystic discovers to me no particular traces o f artificial encroachments.
I  find no measures for its bridges, but I  perceive the usual effects of 
shallow water-ways, which unequally impede the progress o f the differ
ent tidal stages. The Mystic, at low-water, is as badly encumbered by 
its banks o f mud as the Charles by. its artificial obstructions; but for 
higher stages the former is much better off.

§ 7. As the low-water stages approach, the Mystic assumes the 
character o f a tidal r iver; the ebb is more delayed than the flood. This 
is especially noticeable for the upper reach, between Ten Hills and 
Medford Bridge, where the last stage o f fall is six times as much 
retarded as the last. stage o f  flood. In tidal rivers the flood occupies, 
generally, much less time than the ebb— whether we speak of the ver-
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tical or -horizontal movements. In a measure the same is true of 
lagoons.

The results reached by the methods of analyzing to which I  have 
referred, are the same as those obtained from a study o f the tidal heads, 
the facts and inductions from which I  have already laid before you 
informally.

§ 8. In my discussion o f the physical conditions o f the South Bay, 
in their relations to the harbor and Fort Point Channel, which formed 
an Appendix to your Seventh Report to the city o f Boston, I  have (52) 
compared the observed heads with the square roots o f observed veloc
ities in the Fort Point Channel, as i f  other things remained equal or in 
the same ratios. One may observe, on consulting the chart, that the 
ratios o f section to section do not vary from point to point with the fall 
of the tide very greatly, and that the angular changes in the course of 
the stream remain pretty much the same. Perhaps the most arbitrary 
assumption in the comparison to which I  have referred, is that o f  a con
stant ratio of wetted perimeter to section at any single station; but 
when it is considered that the piles of the wharves are one after another 
left dry as the tide falls away, it must be admitted that the assumption 
is not baseless. I  am inclined, however, in spite o f the success of the 
comparison, to modify my view o f the case, and to admit that variations 
do appear which are directly or indirectly dependent upon section. .

In the following table a few elements of the bridged portion o f the 
channel are given. M ore might be added, but the channel is so com
plicated with slips of irregular length, with wharves and bridges o f  
irregular construction, and with mud banks here and there, that I  have 
been content to take the least mean section to represent the channel—  
that just above the Old Colony Railroad Bridge.

*
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i

T id a l  E l e m e n t s

For bridged portion o f  Fort Point Channel.

[From Observations made for U. S. Commissioners on Boston Harbor.]
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!O Cubic yards.
129,570

Cubic yards.
12S,893

Cubic yards.
677

I
03

j-
Sq. yds.
302.7

Sq. yds.
292.4

I -  II 523,010 410,619 112,391 17 373.3 349.3

II— in 1,003,099 S53,660 149,439 43 462.2 416.9

III— IV 1,365,773 1,336,064 29,709 69 576.7 500.6

IV— V 1,416,266 1;547,298 131,032 45 704.8 589.3

V— VI 475,703 621,483 145,780 15 782.0 647.1

VI— VII 659,847 '498,721 161,126 06 782.0 647.1.

VII—Vili 1,130,996 1,131,981 985 - 713.6 598.5

VIH— IX 1,164,397 1,077,229 87,168 32 619.5 530.8

IX— X 1,085,414 1,037,955 47,459
43

517.0 453.9

X— XI 700,872 903,318 202,446 54 389.2 374.0

XI— XII 158,142 241,072 82,930 21 315.9 305.4

Low-water, 301,049 304,486 - 269.3 275.6

High-water, 5,207,593 5,196,084 - 801.3 661.6

From the areas o f cross sections the artificial obstructions are deducted.
#
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§ 9. The first column o f hourly volumes supposes that no obstructions 
exist in the channel communicating with the South Bay : it is computed 
from the tide o f  the Lower Central R . R. Bridge with the aid of Table 
III. o f Seventh Report. The second column o f hourly volumes contains 
the quantities actually observed in the South Bay on the same day that 
the tide o f the Lower Central R . R. Bridge was measured. The 
column o f heads gives the vertical measures, o f the slope o f water’s 
surface, on the same day, between the aforesaid bridge and Dover 
Street; and the column o f  differences gives the hourly volumes which 
are retained or excluded by the resistances. Finally, the high-water 
and low-water elements are separately given at the foot o f the table.

During the first hour o f  rise, which is so small as to require but a 
feeble flow, the resistances scarcely appear —  the bay fills promptly ;, 
but during the second hour a considerable loss appears, and a still 
greater loss on the third hour. On the fourth hour the influx is more° t
nearly the normal amount, and on the fifth and sixth hours greatly 
exceeds the normal amount, making up the losses o f the second and 
third hours almost entirely. I  conceive that, as the tide o f the harbor 
rises rapidly, a considerable head obtains while the water o f the channel 
is acquiring velocity, and as this velocity is acquired, a considerable 
head is necessary to balance resistances. Ultimately the head is in 
excess of that due to the resistances o f  velocity and inertia, and a great 
influx takes place, followed by a rapid decline of the head. It is like 
the case of a river when a rise is coming down, the head becomes 
excessive while velocities are being acquired; and for this reason, 
perhaps, the attempts to relieve rivers by artificial openings in the sides 
have failed : the rise travels rapidly by, as a leave, regardless o f lateral 
sluices. *

I f  we examine the falling tide in our table, we perceive a different 
order of things. The retention is very great upon the first hour, 
notwithstanding that the Fort Point Channel presents its greatest section, 
and notwithstanding that the fall of the harbor-tide is small. This 
retention I  regard as due principally to inertia. On this hour the great 
body of water in the South Bay has scarcely ceased its motion in the 
direction o f flood, and some time must be lost while a motion in the 
opposite direction is being acquired. There must be some horizontal 
motion excited in the bay, however perfect the continuity o f  impact of 
particle upon particle might be through the channel o f  communication. 
During the second hour o f fall, not' only does the normal amount of 
water pass out, but an effort is made, under the excessive head, to make 
up for the first hour’s retention. It is not successful, and the rapid 
falling away of the lmrbor-tide increases the disparity o f height. The 
outflow is in excess of the normal amount during the ninth and tenth
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hours, but the water is falling with greatest rapidity in the harbor, and 
the section o f the channel is growing small. On the eleventh hour the 
head is found excessive, but the volume o f tide remaining is small; a 
great effort is made, and the outflow exceeds the normal amount for this 
hour by 29 per cent.

W ith increasing sections the head becomes greater than with 
decreasing, and the explanation may be found in the character of the 
harbor-tide, which performs the most rapid stages of rise before the 
fourth hour, or while the sections increase from 300 to 500 square 
yards*; and the greatest fall before the tenth hour, or while the sections 
decline from 800 to 400. In other words, the flood has acquired a 
maximum head o f 69, with a mean section o f 400 square yards, while 
the ebb has acquired its maximum head o f 54, with a mean section of 
600 square yards. Here we observe the dependence upon section to 
which I  have referred. But this dependence is very small. W(Jh 
velocities equal, the heads should vary with ; or, since the perim
eters are very nearly equal, inversely as the sections. The velocities 
(mean) for the hours , o f flood and ebb, to which I  have referred, are 
respectively 71 and 65, and their squares 5,041 and 4,225 ; ratio =  69 
to 58 nearly, —  leaving a very small margin for effect of variations of 
section. W e are brought back to the conclusion that the heads 
observed are not principally due to friction, to say the least.

§ 10. Let us now inquire if  these heads are due principally to- 
abrupt contractions and diminution o f water-way capsed by bridges. 
In order that the question may be put to an extreme case, I  will assume 
that the section aboye Old Colony R. R. Bridge, between wharf lines) 
is a mean section. This would give for mean velocity (adding to 
volume o f South Bay that of the portion of channel under examina
tion) 1.6 feet per second nearly. The head due to friction -for entire 
length o f channel would be 0.11 nearly, with this velocity permanent. 
W e have an observed mean head of 0.31, leaving 0.20 to be accounted 
for. These are five bridges, and if we charge them with this head we 
shall have an average o f 0.04 for each bridge. With such a head, how 
much diminution o f water-way would be presumed ? This question can 
be answered for fairly-built bridges by the following formula given by 
Weisbach, § 68 o f his treatise on “  Mechanics of Machinery and 
Engineering,” '2d vol.

■_________ Q__ ______________
u */ 2y [  f  [(/»+£) 2 — k a] +  a (/«+£)£]

In the above, “ b ”  is the sum o f  the widths o f the water-ways— the 
quantity sought; “  Q,” the quantity o f  water passing the bridge in one
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second— 6,744; “ u,” the co-efficient o f  efflux for imperfect contraction, 
0.9 ; “ g,”  the acceleration o f gravity, 32.166; “ h,”  the head observed, 
0.04; “ k,” the head due ter velocity o f stream as it comes upon the 
bridge, 0 .04; and “ a,”  the depth o f  under-water, 14-J feet. "With these 
figures I  obtain 230 feet for width. But the mean section under the 
Old Colony Bridge, which is the smallest o f the five, is 318 feet; while 
the mean o f all five is about 419 feet, or nearly double what it should 
be if the assumed causes are the real' ones for the observed head. 
Therefore we must either fall back on the old assumption that the 
resistapce3 are o f the angular sort— an interweaving o f the stream 
among piles— or that our measured cross sections do not represent the 
real water-ways as stated in § 44 o f my form er. discussion. In either 
case, more than half the trouble in the Fort Point Channel is charge
able to had construction o f  bridges. Our formula supposes the piers o f 
the bridge to lie parallel to the course o f the stream, offering no dimi
nutions of water-way, except those given in the cross section, and no angu
lar resistances. The section we have assumed as the mean is really 
about the minimum, so that the value we have found for friction is very 
much larger than it ought to be, and the computed mean velocity too 
large by perhaps 20 per cent

§ 11. I f  the observed mean head, perimeter and length remained 
constant in the channel supposed o f uniform section, the area o f this 
section would not exceed 2,950 square feet, and the velocity 2.22 feet 
per second. This requisite section is only one-half that obtained by 
taking a mean o f the half-tide sections under the five bridges, and this 
computed velocity is nearly double the mean observed.

It seems to me that we need not push the arguments against the 
bridges aiiy further; the testimony against them is too plain to admit o f 
a reasonable doubt.

The present mean section o f Fort Point Channel is practically suffi
cient for the present tidal volume o f the South Bay. Nor is the perim
eter in great excess over the due proportion. The bridges are sup
ported upon about 2,900 piles, by rough count, which would add but six 
per cent, to the mean perimeter, supposing these to stand in one contin
uous row along the thread o f the channel-way, as far as they would go.

For each tidal hour the observed head is a compound o f those due to 
contraction o f  water-way, (not indicated by any single cross section,) to 
angular resistance and to the loss o f  vis viva experienced by the 
meeting with an abrupt obstacle, and to the inertia o f masses o f  water.

§ 12. A  considerable reform o f the bridges is possible without intro
ducing radical changes. Let the rows o f piles which support each
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bridge be changed in direction till parallel to the thread o f the stream, 
and then sheathed in such a manner that sharp prows shall be presented 
to the approaching currents o f  flood and ebb. The practice o f placing 
inclined piles or struts on the outer piles, to give stiffness to the bridge, 
is objectionable from our point o f  view. They might be placed under 
central portions and concealed within the sheathing with less injury. The 
best form o f pier is the sharpened cylindroid for such an avenue as the 
Fort Point Channel, a horizontal section o f which would present a fig
ure formed by uniting two elliptical arcs, the major axis lying in the

direction o f the stream, thus:—  <"• * *  * * **~^*">• * * * * •
I  have placed sections o f  piles in the figure to show how conveniently 

the requisite strength can be given under the roadway.
The form o f pier suitable in all tidal channels has the horizontal sec

tion that I  have stated; hut wherever practicable, the pier sections 
should diminish upwards to, high-water line, so as to admit o f the pas
sage o f greater volumes as the tide rises. N o better form than this can 
be suggested for breaking and dividing drifting ice. In my last conver
sation with the late Major-General Totten, while crossing the Susque- 
hannah River, in the winter o f 1864, he narrated the experience of his 
department relative to ice-breakers, and mentioned the great, success 
which had attended the use o f piers with sharp and retreating prows.

In the special case o f  the Fort Point Channel I  should not recom
mend this diminution o f the pier sections ; on the contrary, I  think the 
least practicable size for the base o f each pier should be adopted, because 
I  conceive that an increase o f  the tidal volume in lower stages, will 
sooner or later be brought about by the dredging out o f the South Bay. 
This bay cannot always be suffered to remain the foul and unsightly 
basin that it now i s ; and I  respectfully represent to your Commission 
that timely suggestions should be offered regarding the matter. I f  the 
bridges were improved and a few mud-banks removed from the channel, 
I  have the impression that the outflow would be so favored, that in the 
dredging o f the basin a portion o f the required depth could be counted 
as compensation. This reservoir is very near the harbor— not jive min
utes distant in tidal time— so that very low stages o f the tide may be 
made available for co-operation in the Main Channel.

§ 13. One o f my objects in studying the relations of, the. tidal heads 
in this channel to water section was to ascertain if, without improving 
the manner o f bridge construction, the heads could be diminished by 
dredging out the Fort Point Channel, and thus, an increase o f  depth in 
the South Bay tide accommodated. I  made a calculation to ascertain
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what depth would be necessary in the channel, between the wharf lines, 
to permit the exit o f  an entire tide for the whole area o f the South Bay 
without greater trouble than now; and I  found that at least five feet 
depth must be added to the present mean in the bridged portion o f the 
avenue. The present mean depth along the line o f greatest depression 
is about 11 feet. Dredging five feet below this I  can but regard as an 
enterprise not likely to be thought warrantable in a doubtful case.

§ 14. T o the bridged portion o f the Charles Biver the general tenor 
of the remarks which I  have made upon the Fort Point Channel will 
equally apply. Perhaps, in this case, the increase of perimeter due tp 
the number of piles may be worthy o f consideration. I  have attempted 
to count these piles, but do not rely upon the numbers which I  shall 
name for any exact computations. The seven bridges (or eight, if  we 
divide the Eastern and new Lowell,) from Cragie’s to Charlestons 
Bridge (inclusive) are supported upon 11,400 piles, which, allowing 
eight cubic feet for each pile between planes o f  mean high and mean 
low-water, exclude 91,200 cubic feet of water, or about five-thousandths 
of the entire tidal prism for this portion o f the river. I f  these piles 
were arranged in rows between the limits we have named, these rows 
wrould be four in number, and the augmentation o f mean perimeter 
would be about fifteen-hundredths, and the reduction o f mean section 
about two-thousandths. In this river, as well as in the Fort Point 
Channel, I  count only the piles outside o f the general wharf-lines on 
either side. It would be serviceable to know the whole number o f piles 
in these streams, including those o f  the wharvgs and those broken in 
former years, but still left protruding from the bed o f the river.

P r e d ic t e d  T id e  o p  M y s t ic  P o n d .

The following pages, discussing the form o f tide which would visit 
the Lower Mystic Pond in the event o f the proposed cutting o f a canal 
to it from the harbor, were written some eighteen months since. A t 
that time no accurate survey o f this pond existed; and the thorough 
survey which your Commission has since caused to be made, having not 
yet been fully mapped out, I  communicate the results o f my calcula
tions without critical correction o f my premises. I  have gleaned 
enough, however, from the new survey to perceive that the assumptions 
I make are, in effect, not far from the truth, and that the corrections 
would not materially alter the results obtained.

I  purpose to give, from the calculation which follows, an approximate 
form for the tide o f Mystic Lower Pond when it shall be connected with 

. 1 4
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Boston Harbor by a canal. It is desirable to know bow much rise and 
fall there will be in the pond, and how much delay will attend the lower 
stages, that we may ascertain how the phases o f this tide will quicken 
the currents o f the harbor below, ^whether in season to act as useful 
reinforcements, and at wdiat distances.

From a mathematical point o f  view, my manner o f  treating the ques
tions will bear no nice inspection; but practically, the results are quite 
close enough, and correspond well with the observed phenomena in 
similar natural tidal lagoons .that I  have examined elsewhere.

§ 15. I  assume, although not necessarily, that the area o f the pond 
does not vary with the rise or fall, and that its depth is too great to 
make the local delay of phases sensible. I  have found eighty feet 
soundings in . this pond by my own measurements, and observed that its 
shores are generally very bold. I  assume that this pond is connected 
with the harbor by a rectangular water-way; that along this water-way 
the current is uniform, and the sections and perimeters constant for any 
very short period o f time that we may choose. I  assume that high- 
water in the pond reaches the same absolute level as in the harbor; and 
this assumption is based on my experience o f many such basins, now 
visited iu a similar manner by the tide. That considerable degradation 
o f the positive wave must take place is patent; but this is so nearly 
made up o f running water, that, unless the lagoon were enlarged many 
times, a canal o f ordinary dimensions would restore the level very nearly 
during the high-water stand in the harbor. I  leave out of the question, 
for the present, the time occupied by the tidal phases in travelling from 
the harbor or Mystic Estuary to the pond, about fifteen minutes. This 
is equivalent to saying that I  use local tidal time. M y problem, then, 
commences with the assumption that, at a certain instant, high-water 
obtains in the harbor and pond, and goes on to compute the relative fall 
o f  the latter.

§ 16. Let a be the height o f  the harbor at any instant o f time, b that 
of the pond at the same tidal time. Let a, be the height in the harbor 
after the lapse o f a given time s, and x  the fall o f the pond during the 
same relative time. W hen the harbor stands at a, the pond will stand 
at b ■— x. At the middle time o f s the difference in heights o f pond and

harbor will be h =  b —  —----- ^

But if  this slope obtained permanently, it would be the measure of 
the resistances of abrupt contraction and friction, or, essentially of 

I 7)
friction only i'1 which Ç is the co-efficient of friction
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0.007565 (according to Weisbach, § 327) ; g  is the acceleration of 
gravity, 32 .17; l is the length o f the canal; p  is the wetted perimeter 
of a characteristic cross-section, o f which F  is the area, and c the mean 
velocity of the water.

I f  we represent the area o f the pond by A , and let F  stand for the 
cross-section in the middle o f  the canal, whose width is w, and represent 
by s, a brief time in seconds, we shall have

c 2 =  y  F  =  v  ( a +  «/ +  h +  )» and P =  w +  ( a +

+  i +  f ) .
Substituting in the foregoing formula for h, these values, we have the 
equation below :—

( H - f )
0.000941 l\ w - f  (a +  ct, -f- b + —  ) j za ,4a 

a -j- a,_ 2
2 w3 s2 (a +  a, +  b + A ) 3

I f  I  suppose that the canal is cut from Ten Hills to W eir Bridge by 
a gently sweeping curve along the M ystic Biver, it will he about 
20,0 00 feet in length. I  will suppose it to be o feet deep at low-water, 
and constant at 150 feet width. I  will suppose the tide o f Ten Hills to 
be of normal form— a curve o f sines o f 5 feet radius, (half the mean 
range,) and that its length is twelve tidal hours o f  3,800 seconds each. 
I  take this length of hour because it is that which obtained at Ten 
Hills on October 3, 1860, to which I  shall have occasion to refer. I  will 
take the value o f s as half a tidal hour, 1,900 seconds. A  is about 100 
acres. With these data the formula takes the shape given below :—

b + x - ( a + « n
52.96 ( a + - - / +  b + A +  150) x2 

( a_ J r~_a i - \ - b ___A tv 2 1 21
This formula appearing to have no direct solution, I  have satisfied it 

by successive trials for the value o f x ;  commencing with b —  a, and 
then obtaining another value, 5,—  b— x, for commencement o f next 
half-hour. In this way I  have worked down the falling slope of the 
profile and up the rising. Although I  have taken periods o f  a half- 
hour, I  have supposed each half-hour to commence fifteen minutes 
before the close o f the preceding, so that my successive heights are, in 

actual working, b — - -  , b, —  A  &c., or quarter-hourly. I  am particular

to describe these details because, although this is but a first essay, it 
is, I  think, very close to the truth.

§ 17. The following table contains the results obtained:—
/
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Prediction o f  Tide fo r  Mystic Pond .

TIDAL HOURS. 
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R e m a r k s .
TIDAL HOURS. 

(Local.)

T i d a l  C u r v e s  o f  

S i n e s .

T i d e  o f  M y s t i c  

P o n d .
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Feet.

Change of 
Elevation.

Heights.
Feet.

Change of 
Elevation.

Heights.
Feet.

Change of 
Elevation.

Heights.
Feet.

Change of 
Elevation.

o. . . . 5.00 — .04 6.38 — .25 Low-water in Harbor. VI. . . 15.00 .04 15.00 + .13
5.04 + .04 6.17 — .21 14.96 — .04 14.93 — .07 0.0
5.16 .12 5.99 — .18 14.84 — .12 14.86 — .07
5.38 .22 5.85 — .14 14.02 __.22 14.60 — .20 0.4

i. . . . 5.67 .29 5.78 — .07 Low-water in Pond. VII. . . 14.33 — .29 14.43 — .23
6.04 .37 5.87 + .00 0.5 13.96 . — .37 14.11 — .32
6.46 .42 0.02 .15 13.54 — .42 13.76 — .35
0.95 .49 0.24 .22 13.05 — .49 13.36 — .40

ii. . . . 7.50 .55 '6.52 .28 1.0 VIII. . . 12.50 — .55 12.92 — .44 0.9
8.09 .59 0.80 .34 11.91 — .59 12.45 — .47
8.71 .62 7.27 .41 11.29 — .02 11.95 — .50
9.35 .64 7.75 .48 10.65 — .G4 11.45 — .50 .

h i . . . . 10.00 .65 8.29 .54 1.5 IX. . . 10.00 — .65 10.90 — .50 1.2
10.65 .65 8.89 .00 9.35 — .05 10.40 — .50
11.29 .64 9.56 .07 8.71 — .04 9.98 — .48
11.91 .62 10.26 .70 8.09 — .62 9.51 — .47

IV. . . . 12.50 .59 10.98 .72 1.0 X . . . 7.50 — .59 9.00 — .45 1.4
13.05 .55 11.72 .74 0.95 — .55 8.04 — .42
13.54 .49 12.45 .73 0.46 — .49 8.25 — .40
13.90 .42 13.12 .07 0.05 — .42 7.87 — .38 1.4

y . . . . 14.33 .37 13.72 .60 1 1 XI. . . 5.07 — .37 7.52 — .35
14.62 .29 14.24 .52 5.38 — .29 7.20 — .32
14.S4 .22 14.02 .38 5.16 __90 0.90 — .30
14.96 .12 14.87 .24 5.04 — .12 0.03 — .27

VI. . . . 15.00 .04 15.00 .13 5.00 — .04 6.38 — .25 1.1
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Diagram A , appended to this Report, illustrates the results numeri
cally stated in the foregoing table, and Diagram B, those from a similar 
calculation based on the Ten Hills tide o f October 3, 1860. This 
observed tide is distorted in its passage up the estuary as things now 
are; but if your recommendations are adopted, and the estuary dredged 
out to a proper depth, some degree of symmetry will be restored. 
Conclusions, therefore, may be safely drawn from those points wherein 
the two computations agree.

§ 18. In another table, given below, I  subject the four curves to 
analyses so as to discover their genera] features and agreements:—

Analyses o f  Observed and Computed Tides.

THEORETICAL FORMS. BASED OX OBSERATION, Oct. 3,1860.

Harbor. Pond. o5>>e Harbor. Pond. ce
£ A A A sO

a
. to Centre. to .2 Centre. a5. Centre. c 3

O s 3 < **

H. H. M. H. 31. H. M. M. H. 51. H. 31. H. 3f. n. m. 31.
5 VI. 12 00 - - - VI. - 12 00 - - -
6 VI. 9 33 VI. LV1II 11 01 58 VI. - 10 00 VI. XLIX 10 33 49

7 VI. 8 28 VI. XLV 8 4G 55 V. LVII 8 47 VI. XLV 8 59 48

8 VI. 7 34 VI. XLVI 7 48 56 V. LVII 7 40 VI. XXXV 7 30 41

9 VI. G 40 VI. XXXVIII 6 40 38 V. L1V 6 33 VI. XIX 5 55 25
10 VI. 6 00 VI. XXXV 5 49 35 V. LII 5 34 VI. XX 5 11 28
11 VI. 5 14 VI. XXX 4 58 30 V. XLIX 4 37 VI. XVII 4 19 28
12 VI. 4 26 VI. XXV 4 08 25 V. XLVII 3 39 VI. X 3 24 23
13 VI. 3 32 VI. XIX 3 15 19 VI. XLVIII 2 29 VI. IV 2 23 16
14 VI. 2 27 VI. XIV 2 13 14 V. XLI 1 07 V, L ' 1 00 09
15 VI. 0 00 YI. 0 00 - - - - - -
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§ 1 9 . The two computations agree in their leading features: First, 
in its journey from the estuary to the pond the figure o f the tide 
sharpens, i. e., the chords lessen, except near the base. Second, the axis 
o f  the figure is thrown out o f the perpendicular as the wave advances, 
so as to lean forward. The physical explanation o f these changes is 
simple. The rise commences slowly in the popd, because the canal for 
low stages is very shallow, and admits, under a small head, but a limited 
supply. A t a later period the canal deepens with the rising tide to 
such a degree that, under the accumulated head, a rapid and ample 
supply is afforded, making up for lost time. On the first o f  the fall the 
canal is deep and able to carry off large volumes, but finally its capacity 
lessens and the outflow is restrained. The sharpening is effected on the 
flood or rise.

The upper portion o f the figure is much less delayed than the lower, 
and therefore the upper portion o f the axis is not so much behind time 
as the lower portion; the effect is a leaning o f this axis.

I  call your especial attention to the fact, that these characteristics of 
our computed figure are precisely those o f the observed tidal figure in 
the upper basin o f Nantucket Harbor, to which I  have referred in an 
early part o f this R eport; and I  infer that this class o f  changes, wher
ever observed, are to be referred to the influence o f resistances to 
running water. The tide has degenerated in part, so that its stages do 
not travel with velocities dependent wholly upon depth, but dependent 
also upon section, perimeter, &c. On entering the basin from the canal 
the wave is degraded; but running water makes up for this in great 
part. B y  impact o f  particles the pond cannot be raised without 
inducing a rapid flow through the canal, because each_ particle must 
perform a long journey, where the avenue is so small in comparison 
with the basin.

Upon Diagram C I  have plotted the axes o f  these Mystic Pond tides 
and those o f Nantucket Harbor, side by side, th^t the resemblances may 
strike you more forcibly.

§ 20. There is clearly a disadvantage growing out o f  the constancy 
o f the area of Mystic Pond for different tidal stages. I f  it were 
shallow, so that it would gradually decrease and run dry at low-water, 
there would be no rush through the canal after the tide o f the estuary 
had ceased to ebb. I f  this canal is ever built, there must be a sill or 
overfall weir thrown across the mouth o f the pond to prevent the lowest 
stages from seeking an exit to the harbor. This sill involves new 
questions in relation to the transmission o f  earlier tidal phases, which 
must be considered when a plan is agreed upon.
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§ 21. This discussion leads to one generalization, which strikes me as 
important, viz., Tidal Basins at considerable distances above a harbor 
should be shallow, toith gradual slopes, in order to offer no disadvantages 
at the lower stages by their outfioivs. A  study o f our best harbors 
confirms me in this matter; and I  conceive that your theory of com
pensation has restrictions growing out o f it.

§ 22. The greatest rate o f rise in the pond will occur nearly one hour 
later than in the harbor, while, on the contrary, the greatest rate o f  fall 
will be relatively earlier. These are highly favorable conditions 
dependent upon the variations o f depth in the canal, and suggesting that 
an increase of the width at the top, and a corresponding diminution at 
the bottom, would still further improve matters. Perhaps the trape
zoid is the true form o f section, although it is more likely that we 
shall find on close study that the cross-section o f the canal, best suited 
to the service, is an arc o f  a circle. W e may safely say that the floor 
of the canal need not be much below the lowest tide, provided sufficient 
width is given it.

We have provided in the above for a channel o f  an unnatural char
acter, because we have to bring only a portion o f the natural forces to 
our aid. It will be requisite, then, to fortify our channel against those 
activities which we would resist. The tendency to scour away the bed 
of the canal will be very great near either extremity. In the dry 
season the scour in the upper half o f  the canal will take a direction 
towards the pond, and in the lower half towmrds the harbor. Midway 
in the canal a neutral space may occur, at which gravel, in dry seasons, 
will accumulate.

§23 . In most"good tidal channels we find that the greatest flow of 
the ebb takes place at a lower stage than the maximum o f the flood. 
The delays bring about this difference. A  very important consequence 
follows. The maximum ebb being reached at a time when the section 
of the channel is less, acquires the greater velocity, and not only 
determines the direction o f  scour, but executes the larger part o f it. I 
remember an experiment that I  made at Fire Island, some years ago, 
which illustrates these facts. I  opened a slue-way, through beach sand, 
from the sea to a lagoon, and observed the velocities and the scours o f  
the currents in my avenue. As the tide rose the lagoon filled, at first 
very slowly, but at last very rapidly near time o f high-water. During 
the whole period o f flood the current through my inlet was moderate, 
and did but little scour. The ebb was slow in acquiring velocity, but 
ultimately became exceedingly rapid, so as to scour away great masses 
of sand from the bed of the slue-way. I  estimated that my channel
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was deepened threefold by the ebb in four hours, while the flood had 
been almost impotent. The reason was simple; the sloping sides of my 
channel permitted a great increase o f section with the rising tide, and a 
corresponding decrease with the falling, so that the maximum flood 
found an ample water-way, while the maximum ebb was confined to a 
narrow depression. In these contrasts of ebb and flood I  recognize the 
grand operation of nature in the construction of tidal harbors in alluvial 
countries.

In the building of wharves along the borders of a tidal channel, the 
slope is supplanted by perpendicular wails, so that an important feature 
o f the natural water-way is destroyed.

Very respectfully, your obedient servant,

H E N R Y  M ITCH ELL, Consulting Engineer.

To Professor A. D. B a c h e , Rear-Admiral C h a r l e s  II. D a v is , Brig.
Gen. E . D e l a f ie l d , U. S. Commissioners on Boston Harbor.


