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another fluid of approximately equal density. 
The most common type of density current in 
reservoirs, from the standpoint of sediment depo
sits, is the underflow, where the sediment-laden 
water, because of its greater density, flows down 
the bottom of the reservoir. However, differences 
in temperature or dissolved solid content may also 
produce differences in density between the in
flowing water and the water in the reservoir which 
may cause the inflowing water either to fl.ow out 
on the surface of the lake, thus forming an o,ver
:8.ow type of density current, or to fl.ow along the 
bottom to a certain depth and then fl.ow approxi
mately horizontally at that deptl1, thus forming an 
interflow type of density current. In any one 
reservoir (for example, in Lake Mead), all three 
types of density currenfa may occur, and may be 
materially influenced by differences in density due 
to temperature and dissolved solids as well as 
sediment suspension. 

Density currents of the underflow type are of 
most interest to the hydraulic engineer because of 
the possibility that they may be discharged through 
the dam and thus slow down the rate at which the 
reservoirs will be filled with sediment. Such 
currents in Lake Mead have transported sediment 
over a hundred miles, moving below the level 
surface of the reservoir. The conditions favourable 
to density currents of this type are (1) high sedi
ment concentrations, (2) fine sediment, (3) steep 
stream slope:;,, and (4) large depths of fl.ow, caused 
by large discharges or narrow channels. 

The higher the sediment. concentration the 
greater is the gravity force propelling the current, 
and the greater the probability of the water settling 
to the l1ottom and :flowing the entire length of the 
reserrnir. The finer the sediment, the easier it is 
kept in rnspension and the /Heater the distance it 
will flow witl1out deposit.' The steeper the streant 
slope the greater the propdling for<'e and the 
greater th nlocity prcduced, with resultant in
crease's in tl-e prorortion of the _sediment trans
rortrd w;tJ1cut, drpo:-:it. The greater the depth 
of flow, 11:e grrater the hydraulic n:dius of the 
flow and the highr the wlocity. 

depending on the four relationships abov~ mention- · 
ed and, in addition, on the position of the outlets and· 
the relative temperature and dissolved solid content . 
of the inflowing and reservoir water-;. Another · 
factor to be considered is the damage which might 
result to downstream ii rigation or domestic water 
installations from the dense flows of fine sediment 
which would be discharged. 

There are indications in both Ldrn Mead and 
Elephant Butte Rernrvoir that int.be early stages 
of reservoir filling, the density cunents fl.owed in 
the channel of the original !'ivfI, but as filling 
progressed the width of the channel increased 
since the fl.ow could spread out farther. As the 
bottom formed by such currents is very level across 
the stream, the wider the channel the shallower is 
the fl.ow. The shallow fl.ow tends to produce lower 
velocities of fl.ow and causes greater deposition or· 
sediment ; consequently less sediment reaches 
the dam. Sufficient experience has not yet been 
accumulated to know bow important a factor this 
action is, but the density currents in both Lake 
Mead and the Elephant Butte Rei,ervoir have been 
less frequent in recent years than in former times ; 
however, no studies have been made to determine 
the cause of this change of frequency. 

THE FORMATION OF WAVE ACTION' 
DEPOSITS 

In reservoirs where the banks are composed of 
earth, deposits are sometimes formed in the lake 
by wave action along the sides. Situations pro
ducing large effects from wave action are (1) where 
the wind blows a large proportion of the time and 
at high velocities, (2) where the lake formed by 
the dam is large, so that there is a long distance 
over which the wind may act to increase the wave 
height, (3) where the configuration of the reservoir 
is such that there are long, unobstructed stretches 
of water in the direction of the prevailing wind, 
(4) where the matrrial of the banks of the reservoir 
is such that it can C'asily he displaced.by the waves, 
(5) where the reservoir banks are steep, so that 
high hanks are fornwd by the washing away of 
comparatively little material, and (6) where the 
level of the reservoir is relatively constant or at 

"\Yhether it is practicable to di,C'harge dt>nFity least remains at relatively fixed positions for 
curnnts from a resrrvoir as a means of deC'reasing considerable periods of time, so that the wave 
the rnte of rtservcir filling is a comr lex question action is concentratr d over a small area. 
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Und A represents the level of the maximum water 
surface at the dam. A line AB, extending upstream 
from A at a grade equal to the regime slope of the 
stream, indicates the limit of the deposits which 
will ultimately take place. 

If the gradient of the original river is steeper 
than the regime~slope, as represented by the line 
OC, the deposit will continue until it extends up
stream to the point C, which is at a considerable 
distance farther upstream and at a much higher 
elevation than the point H, which is at the same 
elevation as the crest of the dam and represents the 
upstream limit of the lake formed by the dam. It 
will be seen by comparing the area OAC with the 
area OAH that the limit of the volume of sediment 
deposit above a dam may be much larger than the 
water storage capacity. 

A not uncommon case is where the river slope 
upstream from the dam is originally at the regime 
slope, as represented by the line OD. Since OD is 
parallel to and therefore does not intersect AB, the 
deposits will continue upstream as far as the regime 
slope extends. If at some point upstream from the 
regime slope section OD, the river slope steepens or 
a rapid or waterfall exists, as indicated by the line 
DEBJ, the deposits will extend up to the point 
B, where the regime slope line from the point 
A intersects the original bottom profile. 

A frequently encountered case i.s a stream with a 
bottom profile represented by the line ODEF, where 
two sections of regime slope are separated by a 
steeper section consisting of a waterfall or rapids. 
If the maximum water level in the reservoir is at A, 
the river bed will eventually fill up the regime 
slope section EF as well as:that from Oto D. If 
this regime stretch EF extended upstream a long 
distance, or if it contains expecially valuable land 
or other improvements, it will be desirable to con
sider limiting the height of the storage at the dam 
to the elevation of G, which can befound by draw
ing line EG at the regime slope through the point 
E. With the level at this height, deposit would 
not occur upstream from E. 

POSSmLE CHANGES IN REGIME 
Since the reservoir filling may take place over a 

very long period of time, it is desirable to look 
forward as far as possible to see if the regime of the 
,river may change in the future. Such changes are 

s 

going on in a, munber of rivers in the Westem 
United States, and probably will be more common 
as the available water supplies are more thoroughly 
developed. In certain instances changes might be 
made intentionally, to obtain a desired end. For 
example, by flattening the regime slope it would be 
possible to build a higher dam at O and store more 
sediment, without extending the deposits above the 
point E. The regime slope could be flattened by 
one or a combination of several methods : (l} 
decreasing the sediment load of the stream by soil 
erosion control or by building another reservoir 
upstream which would hold part of the sediment, 
particularly the coarser part, (2) increasing the 
stream flow by bringing water from another 
watershed, or (3) flushing the stream with flows 
.released from an upstream reservoir. A more 
· probable outcome, however, i'l that the regime slope 
will steepen, and therefore only a lower dam could 
be built without extending the deposit beyond point -
E. This steeper regime slope can result from : (1) 
increased soil erosion, (2) use of water upstream 
for irrigation, particularly if the sediment from the 
irrigation water is returned to the stream, ~3) 
diversion of water upstream into another watershed, 
or (4) making the stream flow more uniform by 
reservoirs for flood control or water power. 

If a reservoir is formed in a valley where the 
stream is closely confined by the valley walls, and 
the width of the valley floor is considerably wider 
after the dam is filled with sediment, the regime 
slope of the stream may be somewhat steeper than 
the regime slope of the river in its narrow valley. 
This is because the river in its wider bed is free to 
spread out and flow with shallower depth, which 
would require a higher slope to carry the load. 
Also, in the wide valley the river m;ght meander 
and thus increase the distance along the river per 
mile of valley. If the slope per mile of river length 
was the same as in its original condition, the slope 
per mile of valley woul«l be greater than 
originally. 

RAPID AND EXTENSIVE FILLING ABOVE 
IMPERIAL DAM ON THE COLORADO RIVER 

The rising of the river bed level upstream from 
dams has been observed in many rivers throughout 
the world, but in most intances thP-se grade c1iangee 
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