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SUMMARY OF RESULTS
By W. O. SMITH, C. P. VETTER, and G. B. CTTMMINGS
This report presents the results of studies of Lake Mead and
its environs made in 1948-49. In the hydrographic survey of
the lake, depths were measured by echo sounding. The equipment operating at 50 kilocycles gave a consistent indication of
the top of the sediment, with error of less than 2 feet. The
instruments operating at 14.25 kilocycles produced an echo
from the sediment surface and, where the sediments were
dominantly silt and clay of moderate to high water content,
produced an echo from the bottom of the old river bed as well.
In the Boulder Basin, complete penetration of some 140 feet of
soft sediment was obtained.
Area and capacity tables, prepared on the basis of this hydrographic survey, show that the total capacity of the reservoir
was reduced 4.9 percent during the first 14 years after Hoover
Dam was completed, but that the usable capacity was reduced
only 3.2 percent. Practically all tMs reduction was caused by
accumulation of sediment in the reservoir. Studies of inflow
and outflow indicate that the reservoir has a total storage
capacity about 12 percent greater than that shown by the areacapacity table, because of "bank" storage (ground-water storage) in the bottom and sides of the reservoir. Thus the total
capacity in 1949 was greater than the quantity shown by the
original 1935 area and capacity table, even though large quantities of sediment had been deposited in the reservoir during the
14 years.
The sediment accumulated in Lake Mead has formed two
deltas. One extends from Bridge Canyon to Hoover Dam along
the thalweg of the Colorado River; the other, of much smaller
size, extends along the inundated Virgin River channel. Most
of the sediment brought into Lake Mead is supplied by the
Colorado River and accumulates in its delta, which thickens
progressively from Bridge Canyon to Pierce Basin, where it
attains a maximum thickness of 270 feet. Topset beds make
up the surface of this part of the delta. The foreset beds that
make up the delta front in Pierce Basin dip sharply beneath
the lake surface for a distance of .about 1% miles, measured
along the course of the submerged Colorado River channel.
From the foot of the delta front to Hoover Dam the slope of
the bottomset beds ranges from 9 feet per mile, between the
delta front and the mouth of Iceberg Canyon, to less than 1
foot per mile, in the southern part of Boulder Basin. The
bottomset beds in 1948 had a minimum thickness of 45 feet in
the Temple Bar area, increasing progressively to 106 feet at
the dam.
According to computations of the volume and weight of the
accumulated sediment, about 2,000 million tons was deposited
in the reservoir in 14 years; this is within 2 percent of the
amount calculated from measurements of the suspended sedi-

ment carried by the inflowing rivers. It is estimated that the
sediment capacity of the reservoir, when filled to the permanent
spillway crest, is about 75,000 million tons. This quantity is
37 times as great as the amount which occupied 4.9 percent of
the reservoir capacity in 1948-49. The prediction is based on
estimates that the sediment-storage capacity is about 25 percent greater than the water-storage capacity, and that the mean
specific weight of the sediment will ultimately be nearly 50
percent greater than in 1948-49, owing to compaction of the
clay and silt. The sediment contributed by the Colorado River
averages about 45 percent sand and 55 percent silt and clay.
Practically all the clay and much of the silt has been transported by turbidity currents into the lowest parts of the
reservoir.
The sediment level at the dam will reach the elevation of the
lower outlet gates and the present dead-storage space will be
filled when the total accumulation becomes about seven times
as great as the amount brought into the lake from 1935 to 1948.
The water-storage capacity below the permanent spillway crest
will then be about 22 million acre-feet. This prediction is based
on certain assumptions, of which an important one concerns
reservoir operation. It is assumed that the average operating
level will be at spillway level, 35 feet higher than at present,
and on that assumption it is predicted that approximately 20
percent of the total sediment load will be deposited above the
level of the permanent spillway crest. Lower average operating
levels will reduce the proportion of sediment deposited in the
upper part of the reservoir, extend the delta front downlake,
reduce the area available for deposition of silt and clay, and
result in a more rapid rise of the sediment level at the dam.
If the sediment carried by the river in the years 1926-50
represents the long-term average rate of accumulation in Lake
Mead, it will be more than 4 centuries before the reservoir is
filled with sediment to the level of the permanent spillway crest.
The rate of sedimentation since the first year of Lake Mead
(1935) has been about 20 percent lower than this 25-year average, and if that rate continues in the future, the life of the
reservoir will be correspondingly greater. Construction of upstream reservoirs to capture some of the inflowing sediment, or
transportation of sediment in the outflow through Hoover Dam,
would also increase the life of the reservoir.
The total bacterial population in the sediment near the dam
was found to exceed 1 million bacteria per gram at all depths,
which is comparable with the bacterial population in raw
sewage. Near the mud surface there is a minimum of 10 million
bacteria per gram. By contrast, the water less than a foot
above the sediment surface contained only 100 bacteria per gram.
By comparison with marine and natural lake muds, the Lake
Mead sediments are unique in containing a high bacterial population distributed uniformly throughout a deep and loosely
packed layer. Laboratory tests indicate that the abundance

COMPREHENSIVE SURVEY OF SEDIMENTATION IN LAKE MEAD, 1948-49
and activity of the microflora have contributed to the heating
of the fresh sediment layer in Lake Mead, and also that they
affect the hydrogen-ion concentration of the water in the
sediment, which in turn influences the rate of sediment
compaction.
In the first 12 years of Lake Mead, the dissolved mineral
matter in the outflowing water was significantly greater than
the average in the inflowing water, owing in part to solution
of gypsum and rock salt from the bed of the reservoir. Currently the increased dissolved solids in the outflowing water
can be accounted for almost, entirely by evaporation from the
reservoir, which is about 5 to 7 percent of the annual inflow.
The water from Lake Mead is generally of better quality than
the water that was diverted from the river for irrigation prior
to regulation by Hoover Dam, because it represents an average
of the poor water of low stages and the excellent water from
melting snow. Since 1935 the concentration of dissolved solids
in the inflow has ranged from 225 to 1,720 parts per million,
but in the outflow from Lake Mead the concentration has ranged
only from 621 to 824 ppm. The "alkali" problem of the areas
downstream that are irrigated with the Colorado River water
has been decreased to an appreciable extent because of this
stabilization.
Oceanographic techniques were utilized to establish the general features of the circulation in Lake Mead. Analysis of
the data collected during 12 monthly cruises on Lake Mead
indicates a distinct and orderly cyclic progression in the distribution of properties and in the implied circulation, which
can be related to the seasonal changes of weather and river
inflow.
The changes in elevation measured by precise leveling since
1935 indicate that the weight of water and sediment in the
reservoir has caused some subsidence, and that there has also
been an extensive tilting subsidence involving the entire lake
basin and extending tens of miles farther south. The amount
of lowering of bench marks around the reservoir, calculated
with respect to a bench mark at Cane Springs, Nev., has been

relatively small. Hoover Dam was lowered about 0.4 foot
between 1935 and 1950, and bench marks along the shores of
the Boulder and Virgin Basins of the lake (which have 60
percent of the reservoir storage capacity) have been lowered
as much as 0.6 foot. On the other hand, bench marks near
the Overton Arm and east of Virgin Canyon have not dropped
as much as those near the dam. It is concluded that the differential subsidence has not changed the reservoir capacity
appreciably.
Since 1941 there has been more subsidence at the dam than
at any of the six locations—where the level net provides data
as to elevations—near the shore of the reservoir. The leveling operation of 1941 was performed while the reservoir was
filled nearly to capacity, and the differential rise at these six
locations by 1950 may be an indication of elastic rebound with
reduced load.
Lake Mead had a noteworthy predecessor in the geologic past.
The Colorado River was dammed during the Pleistocene epoch,
forming a lake that was deeper and more extensive than
Lake Mead, in which there was delta deposition similar
to that which has begun since the completion of Hoover Dam.
The lower part of the Chemehuevi formation (deposited in that
lake) consists chiefly of banded clay, presumably deposited as
bottomset beds in a deep lake. This clay is thin in Iceberg
Canyon and thicker downstream ; extensive remnants occur near
Davis Dam, about 60 miles below Hoover Dam. Sand overlies
the clay, and composes most of the thickness of the formation
in upstream areas. The upper part of the formation consists of river gravel and cobbles, presumably deposited after
the lake was filled with fine sediment. Some of these gravels
are about 300 feet above the high-water level of Lake Mead.
The cobbles in the upper part of the Chemehuevi formation
were transported by a larger and more powerful stream than
the present Colorado River, which apparently carries nothing
coarser than fine gravel into the deltaic fill in the Lower
Granite Gorge.

A.

THE LAKE MEAD PROBLEM

By C. P. VETTER, U.S. Bureau of Keclamation
Lake Mead is the reservoir formed by the construction of Hoover Dam in Black Canyon of the Colorado
River, about 30 miles east of Las Vegas, Nev. The
lake covers parts of southern Nevada and northwestern Arizona (fig. 1.) At Hoover Dam, the Colorado
River constitutes the boundary between the States of
Arizona and Nevada; upstream from the dam, the reservoir inundates about 70 miles of this boundary.
Visitors to Hoover Ham, who number more than 400,000
annually, doubtless agree that here is a modern miracle
of science and engineering. Perhaps relatively few
realize that Hoover Dam is a pioneering project among
large dams, and that Lake Mead is correspondingly
the first of the very large reservoirs. Construction of
Hoover Dam was authorized by Congress in 1928, and
major construction began on March 11, 1931. The bypass gates were closed on February 1, 1935, and Lake
Mead began to form.
For the Bureau of Reclamation, this date marked
the end of the period when planning, design, and
construction at the dam were the dominant activities
related to the reservoir, and the beginning of a period
when operation and maintenance were the chief functions. Whereas most projects include diversion works
for irrigation or other uses, the water released at
Hoover Dam is not immediately used for such purposes,
but it continues down the natural river channel to
lower dams and diversion works. The only use of water
near Hoover Dam is for power generation, and the
only other diversions from the reservoir are by pumping directly from the lake, for use in the communities of Henderson and Boulder City.
Downstream from Hoover Dam six other dams control the Colorado River. Of these, Davis Dam forms
Lake Mohave with a usable capacity of 1,810,000 acrefeet, and Parker Dam forms Havasu Lake, capable of
holding 688,000 acre-feet; the others are diversion dams
that provide no effective storage. All are dependent
upon Hoover Dam for regulation of the river. It is
essential, therefore, that the river below the dam be
controlled by coordinating the operations of the control structures and rectifying and maintaining the river
channel between structures.

These operational and physical control activities on
the Colorado River are the responsibility of the Bureau of Reclamation and the charge of the Office of
River Control (redesignatecl "Regional River Control
Division" in 1954) in Boulder City, Nev. Although
the principal duties of that office are operation and
construction, the need for investigations of various natures to provide data for its other activities was recognized by Congress in the basic legislation under
which the office operates. This authorization for the
Office of River Control to sponsor investigations constituted the justification for the initiation of the sediment investigations on Lake Mead.
When Hoover Dam was designed and constructed,
some allowance was made for sediment accumulation
in the deepest portion of the reservoir. This sedimentstorage space is located entirely below the sills of the
lowest outlet gates, which are at an elevation of 895
feet, and at the time of closure of the dam amounted
to 3,223,000 acre-feet. Any accumulation of sediment
in the reservoir at elevations above the lowest outlet
gates reduces the usable storage space of the reservoir
and thereby its capacity for regulating the flow of the
Colorado River. It was realized from the beginning
that no means were available for assuring that sediment would accumulate first in the designated storage
space. But at the time reliable knowledge of the movement of sediment-laden water within a large storage
reservoir was practically nonexistent.
The amount of the sediment load entering the lake
was known, in tons per day or year. Since 1926, except for a short interruption during the war, the Geological Survey has obtained suspended-sediment samples from the Colorado River in Grand Canyon above
the mouth of Bright Angel Creek (265 miles upstream
from Hoover Dam). Since September 1, 1947, the
Survey has also collected sediment samples from the
Virgin River. These two rivers carry the great bulk
of the sediment that reaches Lake Mead. At times of
cloudbursts, sediment may enter at many points by
way of the numerous washes that terminate in the
lake, but the total quantity received from these small
tributaries over an extended period of time is a small
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THE LAKE MEAD PROBLEM

proportion of the load entering from the two main
sources, despite the fact that the rate of inflow may be
high while a cloudburst lasts. Fairly reliable information is available, therefore, as to the total weight and
composition of sediment entering the lake during any
given period. No detailed information, however, was
available prior to the 1948-49 survey as to the distribution of this sediment within the reservoir, or the
space actually occupied by the sediment.
During the first year of operation of Lake Mead
it was established that at certain times muddy subsurface flows moved the entire length of the reservoir,
eventually reaching Hoover Dam. Accordingly, in
1937 the National Research Council established a Committee on Density Currents, which in turn appointed
a Subcommittee on Density Currents in Lake Mead.
In response to a request from the subcommittee and
under its auspices, the Bureau of Reclamation conducted
an investigation of the flow of density currents within
Lake Mead, beginning in 1938. The results of the
investigation are given in reports of the subcommittee
entitled "Lake Mead Density Currents Investigations''
(National Research Council, 1949). The approximate
velocity and density of these currents were established,
and large accumulations of fine silt and clay were found
along the entire length of the original river channel,
reaching a maximum thickness at the dam. At the same
time it was disclosed that, in addition to the material
carried far into the reservoir by density currents, large
volumes of coarser material were accumulating in the
upper reaches of the reservoir, where the muddy flowT
enters. The fact that silt and clay in large quantities
were being moved great distances into Lake Mead gave
additional impetus to the desire for an early survey
of the sediment distribution throughout the entire lake.
At the same time another problem arose. The water
entering Lake Mead carries large quantities of dissolved solids; water released through the Hoover Dam
powerplant and outlet valves carries dissolved solids
away from the lake. From the time the lake was first
filled, careful accounts have been kept of the amount
of dissolved solids that entered the lake and the amount
that left the lake. The difference between these two
quantities should represent solids still present in the
lake. This theoretical concentration was soon found
to be much less than the actual concentration estab-
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lished by frequent sampling of the lake water. The
only explanation would seem to be that soluble materials along the lake's bottom or shores were being dissolved. Since the Lake Mead water is used for both
domestic and agricultural purposes, it is obviously of
the greatest importance to watch closely the salinity
of the lake to insure that, so far as can be controlled
by selective operation of the outlet gates, water of the
best possible quality be made available to downstream
users. Thus, there was need for a survey of the dissolved solids in the lake.
During World War II it was not practical to secure
personnel and equipment to conduct such large-scale
investigations as a civilian project, but as soon as personnel and equipment became available again, the need
for thorough sedimentation and salinity surveys of
Lake Mead was again given consideration. It was
recognized that the services of many specialists would
be needed for the satisfactory execution of such a project, and that not all the required experts were available
within the Bureau of Reclamation or even within the
Department of the Interior. After some preliminary
negotiations, a meeting was held in Boulder City, Nev.,
in September 1947, attended by representatives of the
Departments of the Interior, Navy, and Commerce, at
which a tentative program was outlined. It was proposed that the Office of River Control should have general responsibility for the work for the Bureau of
Reclamation, and that execution of the necessary technical program should be by the Water Resources Division of the Geological Survey. The plan was approved
by the Secretaries of the Interior and Navy in October
1947. Shortly thereafter the Geological Survey and
the Navy had their respective crews on the lake and
work was in full swing.
It is noteworthy that in this undertaking many Federal and some private agencies worked together efficiently and harmoniously to bring the work to successful
completion. The many important results of the Lake
Mead investigations are outlined in the succeeding
pages.
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