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THE existing state of any estuary, or tidal river, may be considered 
as an adjustment, for the time, of certain conditions, changes in 
any of which conditions effect alterations in that state, productive 
of injury or benefit to the purposes for which we employ, or may 
be desirous of employing, such estuary, according to circumstances. 

The action of the flood tide in an estuary, or tidal river, is to 
pond back, during its continuance, the river waters, which would 
otherwise have flowed outwards for that time ; so that when the 
ebb tide makes downwards, the tidal waters, which came up with 
the flood tide, are increased by the volume of water so ponded 
back, independently of the ordinary discharge of the river waters 
during the ebb. 

The ebb tide, therefore, is composed of the tidal waters which 
came up with the flood, plus the water ponded back, and the river 
water continuing to flow out during the ebb. 

It follows that the mechanical effects produced on the bottom of 
an estuary by the ebb tide must be far greater than on the flood, 
and that there is a constant tendency to force mud, silt, sand, and 
gravel outwards to the sea. 

The mode in which these substances, commonly termed detritus, 
are carried along is twofold :—First, When the movement among 
the particles of water is sufficiently considerable, the water will 
take up the detritus in mechanical suspension, as it is termed, 
according to the amount of this movement; that is, the detritus is 
really lifted up and. borne onwards actually suspended in the water. 
Secondly, The mud, silt, sand, and gravel, as the case may be, will 
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be pushed or forced along, upon the bottom, according to the• 
pressure and velocity of water above them, producing the friction 
required. 

It follows, where there are unequal velocities of water in tide-
ways, that the same substances which may be mechanically sus-
pended in the water in one place, will be thrown down on the 
bottom in another; and that in situations where the water remains 
for any sufficient time at rest, such places will be gradually filled 
up by deposit of the substances mechanically suspended in the 
water flowing into them. 

In like manner, also, substances which are pushed or shoved 
onwards along the bottom by the weight and velocity of the water 
above them in some situations, come to rest in others, when such 
weight and velocity are sufficiently diminished. 

As the volumes and velocities of tides in estuaries vary, and the 

amount of water falling into them varies also, from the compara-

tively small streams in dry weather to the heavy volumes dis-

charged during freshets or floods, the mechanical action on the 

bottom of the estuary is necessarily variable, always allowing for 

a constantly prevailing action outwards, and unless there be stu5-

cient compensating forces, general changes will be effected accord-

ing to those conditions which are dominant. 
As there is no sufficient force to counteract the discharge of 

detritus outwards, this will accumulate in the estuary, if the ebb 

tide be not able to force it beyond into the sea. 
The amount of detritus thrown into the estuary will depend on 

the course of the river above it. If that course be rapid to the 

tide-way, and the water capable of forcing forwards gravel, all 
minor detritus will be borne down, and the whole will be discharged 
into the estuary, to be dealt with according to its powers. And 
this is the general action in all kinds of river courses, down to that 
which permits the river waters simply to bear the matter of mud 
to the tide-way, in which the velocities may even be sometimes 
greater than in the river above. 

The banks across rivers, formed where detritus, either mechani-
cally suspended or pushed onwards, is brought to rest, from a 
discontinuance of the conditions necessary to suspend or move it, 
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and commonly known as bars, occur, as might be expected, very 
variously in rivers. When arms of the sea, gradually diminishing 
inland, terminate in estuaries, these bars are often far up the tide-
way, where the rush of river waters in a freshet is met by the 
quieting action of the tide; in other tidal rivers the bars occur at 
their embouchures, where the action of the breakers not only tends 
to force the detritus back upon the coast, but also stops the velocity 
of the estuary waters discharged on the ebb. 

In some situations, as in the sketch beneath, prevalent winds, 
having action on the coast, force breakers along shore also in a 
prevalent direction, A A, causing a beach, B B B, to follow a line 
along shore, and across the mouth of the estuary; so that a formi-
dable barrier to the discharge of the river-borne detritus, seaward, 
by this and the other causes above noticed, is presented, behind 
which shoals, C C C, accumulate, tending to fill up the lower part 
of the estuary, alluvial flats forming above, D D. 
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From the action of breakers on a coast (a most powerful action, 
throwing up shoals and bars at their embouchures), combined with 
the loss of velocity of the estuary waters seaward, depositing the 
detritus they can no longer transport or push onwards, estuaries as 
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a whole are filling up, some slower, some faster, according to con-
ditions ; a fact which, though not always apparent in some places. 
during what have been termed historical times, is abundantly shown 
in others, and, when considered geologically, satisfactorily proved. 

New channels may be formed from an increase of deposit in one 
place, giving a new direction to the waters in another; and it is 
highly instructive to observe how an apparently very small cause 
may produce important modifications and alterations, changing the 
channels and shifting the banks or shoals; but the general resulting 

action is a filling up, viewed as a whole. 
Such are the variable conditions existing in estuaries, and so 

complicated are often the effects of the causes in action, that it 

becomes of the utmost importance well to study and reflect upon 
the value of each cause before we attempt changes in connexion 
with an estuary, intended for our advantage; and this more espe-
cially when a great commercial port is situated on part of such 
estuary. 

It will be obvious, if bridges traverse an estuary, that not only 

will the piers stop the tide flowing upwards (in proportion as the 
piers occupy the breadth of the river), thereby bringing the head 

of the estuary more seaward, but that these obstructions would 

tend to produce shoals in the bed of the main channel; for though 

the ebb, with its back-ponded river waters, would pass between 

the piers with great velocity (because passing through what may 

be considered as a dam pierced in many places), scooping out 

corresponding channels, deposits would be formed in the eddies 

behind the piers, the influences of which are prolonged into the 
main channel. 

It will also be readily seen, that when the strength of a tide 

impinges on a bank (sufficiently hard to prevent its being worn 
away), that any artificial alteration in the form of that bank would 
produce a change in the direction of the tide, the shoal-forming or 
channel-scooping influences of which will be felt in proportion to 
the amount of change so made, due regard being had as well to 
the new effects produced upon the flood as upon the ebb tide. 

As, at any given time, the forms of natural banks in estuaries 
are but adjustments to the general conditions existing at that time, 
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it follows that, if these forms be artificially altered, this adjust-

ment is destroyed, and a new state of things arises, which may be 

considered local or otherwise according to the amount of change. 

In strictness, viewing an estuary as a whole, and. the effects pro-

duced by changes of this kind upon the two tides, that which may 

appear of very little importance should be considered as, to a cer-

tain extent, producing general results. 
As the velocity of equal volumes of water in rivers depends on 

the amount of fall of their channels or courses, and as the same 
necessarily holds good in estuaries, to that level which may be 
considered as low water, (when such is not outside, the whole 
estuary being above real low water on the coast,) the fall of the 
channel of the estuary from its head. to this level, all other things 
being equal, gives the general velocity of the waters of the ebb 
tide; whence it follows that whatever scour or mechanical action 
of the water on the bottom may be due to the influence of this fall, 
it cannot be altered, as a whole, so long as these two points remain 
at the same distance from each other, and the difference of their 
levels is constant, equal volumes of water being understood. 

Let, in the annexed sketch, the line D A B C represent, at an 
exaggerated angle, the bottom of part of a river, above an estuary, 
the bottom of the estuary itself, and a portion of the sea bed; the 
line G A being that of high water in the estuary, and E B that of 
low water; and let A B be the bottom of the estuary, and B C a 
part of the sea bed beyond it. 
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So long as A, the head of the estuary, and B, the level of low 
water, remain at the same distance, and at the same difference of 
level, and the volume of water passing down, or rather the excess 
of influence of the ebb tide over the flood, viewed as a whole, be 
a constant, any deepening of the bed of any part of the estuary, 
as, for instance, at H I, will, it is obvious, not alter the amount of 
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the general slope from A to B, for the influence of any extra water 
lodg-ed in the cavity, H I, so long as H retained its height, sup-
ported by the bottom, H B C, would be nothing as to scour of the 
bed, since it would merely constitute a pond or pool in the general 
channel, that would be again filled up by detritus brought down 
from above, in the usual way, along the bottom, D A I. 

Assuming that the action of the tidal water introduced at the 
flood tide is as great upon the bed of an estuary as during the ebb, 
the same volume of water, viewing only the tidal water, passi g in 
and out,—an assumption not strictly correct, inasmuch as the flood 
tide flows up an inclined plane and the ebb runs down it,—but, for 

convenience, assuming this action to be equal, we should anticipate 

that when the back-ponded river water can be let loose upon the 
ebb, the greatest scouring effects outwards would be when the 
volume and velocity of the united waters, viewed in combination, 

should he the greatest, and that that would be not immediately 
after high water, when the pressure of the supporting tide is slowly 
removed, but towards the middle of the tide, when (though the 
volume was greatest nearer high water) the velocity was so much 

increased, as, with the volume of water still remaining, to produce 

the greatest effects. This anticipation is borne out by observation, 

which appears to show that from about two to four hours' ebb the 

greatest scour of the estuary bed is effected. 
All observation tends to show that the greater the volume or 

tidal water coming up an estuary with the flood, the greater is its 
mechanical or scouring action when its volume and velocity are 

increased by the addition of the ponded back river water, and the 
ordinary river discharge. And it should be borne in mind that it 
is only during the ebb that the river water passes out as a whole, 
though in some estuaries, during heavy freshes, the river water, 
from its less specific gravity, has been known to run downwards 
on the top of the flood, coming upwards • proved by large vessels 
such as men-of-war, drawing several feet of water, riding at 
anchor with their heads to the first of the flood-tide, while boats 
alongside, drawing little water, laid with their heads up stream 
against the freshets. It may be here observed, that when con-
ditions are favourable, the flood-tide running in, lifts the out-going 
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ebb, particularly when composed of little else than river water, in 

a wedge-like manner. From this to the conditions where the flood 

suddenly overcomes the ebb tide by a great wave, or bore, as it is 

termed, there are various modifications. 
Much mischief has been found to be occasioned in estuaries, by 

embanking, producing sensible effects even when portions only 

covered at spring tides have been taken for agricultural purposes. 

When it is considered that the weight, for friction purposes, arising 

from volume of water combined with the requisite velocity, causes 

any given amount of scour or mechanical action on the bed of an 
estuary, it follows, that if we stop out the tide, diminishing the 
volume of water, even supposing, for convenience, that the velocity 
remained the same, which would not be case, the scour or mecha-
nical action cannot be the same as previously, and that, this action 
being diminished, detritus which would have been swept onwards 
under the former conditions would now remain and. accumulate. 

It may be here observed that, in estimating the power of the 
combined action of volume and velocity of water to produce scour 
or mechanical effects on the bottom of an estuary, great care should 
be taken to ascertain the real velocity where the waters come into 
contact with such bottom, shoving and pushing detritus onwards, 
otherwise very erroneous inferences may be drawn. Certain 
mechanical effects are considered to be produced by the action 
of given velocities of water. Without entering upon the question 
of how far the experiments made may appear to justify the con-
clusions drawn, it will be obvious that, whatever action may be due 
to the velocity of water alone, if the velocities on the surface of 
the main stream of tide at certain times are only known, and those 
at the bottom, from considerable friction, are much less, calcula-
tions as to scour, founded on the surface velocities (those usually 
alone known to mariners and others engaged in the navigation of 
estuaries) cannot be accurate. 

Although much injury would be occasioned by stopping out the 
entrance of effective tidal waters in estuaries by embankments, it 
does not follow that judicious arrangements may not be made with 
them, so that one greatly improved general course may be obtained 
for the waters, and a main channel formed of increased value for 
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the purposes of navigation; the loss of water occasioned in one 
place being compensated by contrivances for allowing a greater 
volume to come into another, so that the total effective water 
remains the same ; a provision usually considered when improve-
ments in estuaries are under investigation. 

Again, upon the principle of letting out a volume of water to 
scour when it can have the greatest useful velocity, and produce 
the greatest mechanical effects on the bottom,—a principle, how-
ever, which requires great care and consideration in its application 
when the channels to be scoured are long,—waters may be retained 
behind embankments employed for giving a general direction to 
the main channel, and used for roads, or otherwise, until the most 

favourable time of tide, then to be thrown into the main stream, so 

that the volume of ebb waters may even be larger at that time 

than prior to any embanking on the river. 
These are, however, subjects requiring great local care and study, 

and are merely mentioned to show that artificial improvements 

could readily be made in estuaries without diminishing the effective 

action of tidal waters, if these be so managed, and the general 

arrangement such that their useful powers be not deteriorated. 


