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L. CHEMISTRY OF THE WATER

By C. S. HOWARD, U.S. Geological Survey

PROGRAM OF INVESTIGATION

The study of the chemistry of Lake Mead waters 
during this survey was a continuation and expansion 
of the studies begun in 1937 by the Bureau of Reclama- 
tion, the Metropolitan Water District of Southern 
California, and the Geological Survey. The study 
was originally set up as a part of the density-current 
studies and was carried out under the auspices of the 
Committee on Density Currents of the National Re- 
search Council. A preliminary report was issued in 
mimeographed form in October 1941, and the complete 
records for the work done between 1937 and 1946 were 
published in 1949 (National Research Council, 1949).

During the density-current studies (1937-46), 
samples were collected at points in Pierce Basin, Vir- 
gin Canyon, Boulder Canyon, Black Canyon (at both 
Cape Horn and the intake towers), and at one or more 
places in Overtoil Arm. Samples were collected in 
Pierce Basin and at the intake towers once a month 
and at other points two or three times each year. Dur- 
ing the Lake Mead survey (1948-49), samples were 
collected at these points about once a month. The 
comprehensive sampling programs of both studies pro- 
vided samples from different depths, especially at 
depths where field observations of temperature and 
specific conductance showed changes in the physical 
or chemical characteristics of the water. The samples 
were collected in a modified Foerst sampler (p. 151) 
or in Nansen bottles (p. 127).

All samples were analyzed for the total quantity of 
dissolved solids as indicated by the specific-conductance 
determination. Alkalinity was determined on the

samples collected in the density-current studies. Suf- 
ficient other determinations were made to determine 
the nature and extent of variation in the chemical 
character of the available samples.

DISSOLVED SOLIDS IN THE LAKE WATER 

SEASONAL VABIATIONS

Records obtained during the density-current investi- 
gations showed variations in chemical character and 
temperature of the water in the lake at different sea- 
sons. This was apparent in the early stages of storage 
at different depths at four places in the reservoir, as 
is shown in table 13, based on measurements in 1937 
and 1938.

During the late winter (February-March) the con- 
centration of dissolved solids in the lake water is fairly 
uniform throughout the lake, both in depth and areal 
distribution. In March 1948 there was less than a 
30-percent variation in the concentration of dissolved 
solids from Pierce Ferry to the intake towers, at prac- 
tically all depths. An analysis of lake water typical 
of this condition is shown as analysis 11 in table 11. It 
is likely that this uniformity in dissolved-solids con- 
centration is related to the uniformity in temperature 
discussed on page 120.

During the period of greatest inflow, usually from 
April to July, there is considerable variation in con- 
centration of dissolved solids at different depths 
throughout the lake. It has been mentioned that the 
inflowing water may form density currents as it enters 
the lake. It seems that under certain conditions water 
with a heavy sediment content and low concentration

TABLE 13.—Specific conductance of water at four points in Lake Mead, 1931 and 1938 

[In micromhos; multiply by 0.7 to obtain approximate quantity of dissolved solids in parts per million. Italic figures represent samples from bottom of lake]

Approximate elevation, in feet 
above sea level

1,100 to 1,000... _____________
950 to 850.... .
800. ..............
TOO...... ..............
625.... .......................

Virgin Canyon

1937

Sept.

850 
1,210 
1,6X0

Nov.

1,100 
1,330 
1,380

1938

Jan.

1,090 
1,35C 
1,410

Mar.

1,100 
1,270 
1,555

Lower Narrows, Overton Arm

1937

Sept.

760 
1,190

1938

Jan.

980 
990

Feb.

1,030 
1,280

Mar.

1,030 
1, 840

Boulder Canyon

1937

Sept.

710 
1,170 
1,190 
1,140

Nov.

810 
1,160 
1,270 
1,230

1938

Jan.

960 
1,210 
1,240 
1,670

Mar.

1,030 
1,210 
1,330 
1,660

Black Canyon

1937

Oct.

840 
1,150 
1,210 
1,450 
1,560

Dec.

880 
1.140 
1,200 
1,240 
1,320

1938

Jan.

920 
1,160 
1,190 
1,290 
1,470

Mar.

1,040 
1,210 
1,340 
1,430 
1,5M
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of dissolved solids may sink toward the bottom as it 
enters the reservoir; then, because of a lessening of the 
velocity, some of the suspended load is deposited, and 
the inflowing water may then riss to the surface and 
continue downlake in the surficial layer.

During and after the spring-flood period, the sur- 
ficial water has a lower concentration of dissolved 
solids than the deeper water in parts of the upper lake, 
including Overton Arm. Monthly observations show 
the progressive movement of this water into the lake. 
During the 1948 survey, water that had a dissolved- 
solids concentration of about 300 ppm was found as 
far downlake as mile 295 in late May and mile 320 in 
late July. Water of such low concentration has not 
been found at the intake towers, even in 1941 when 
some water went over the spillways. The progressive 
movement of the inflow of low concentration is shown 
by the italic figures in table 14. The figures in each 
line indicate the seasonal variations in concentration of 
dissolved solids at specific sampling points; the varia- 
tion is greatest near the head of the lake, and progress- 
ively less toward Hoover Dam.

At many places in the lake in spring, water may be 
found with a concentration of dissolved solids lower 
than in any prior inflow of that season. This is illus- 
trated by analyses 5 and 6 in table 11, of waters whose 
major difference is in the concentrations of calcium and 
bicarbonate. It would appear that some of these con- 
stituents have precipitated out of the surface water 
owing to loss of carbon dioxide. Similar low concentra- 
tions have been noted in most of the years for which 
records are available. A similar phenomenon has been 
noted in the Conchas reservoir on the Canadian River 
in New Mexico.

By late summer (August-October), the water of low 
concentration of dissolved solids has moved downlake

and reached a very low point. Since storage was effec- 
tive in Boulder Basin, the concentration of dissolved 
solids in surficial water has always been higher than 
in the eastern part of the lake, showing that some mix- 
ing and probably some increase in solids through evap- 
oration and solution have occurred. In late summer 
the surficial water at the head of the lake is more min- 
eralized than that in Boulder Basin; except in the 
unlikely event of a large inflow of water of low min- 
eralization, the wrater at the head of the lake will not 
reach a low mineralization again until the following 
spring.

In late summer, floods of considerable magnitude 
may bring in water that has a relatively high concen- 
tration of dissolved solids and very high concentrations 
of suspended sediment. The sediment in these floods 
commonly consists chiefly of very fine material, which 
will stay in suspension for long periods and may cause 
the movement of sediment in density currents through 
the lake. A flood of this nature caused the density flow 
noted in September and October of 1935, when storage 
in Lake Mead was first started (Grover and Howard, 
1938). Since that date other floods carrying predom- 
inantly fine material have been observed at Grand Can- 
yon ; these floods could have furnished the material that 
has collected at the intake towers and at other places 
in Boulder Basin. Such a flood in late August 1947 
probably caused the increase noted in the elevation of 
the top of the sediment layer at the intake towers be- 
tween July 31 and August 28. There was only a slight 
change in concentration of dissolved solids at the bot- 
tom of the lake during this period.

Inflow from the Colorado River is least in November, 
December, and January; evaporation losses also are 
least. The principal change that takes place in the lake 
water in winter is a stabilization in concentration of

TABLE 14.—Dissolved solids (ppm) in surface samples from Lake Mead, 1948
[Reported values where available, other values computed from reported conductance values and ratios of conductance to dissolved solids. Items in italic reprssent low

concentrations and show progress of spring-flood water through the lake]

Location

Lake Mead:

Do______________________________
Grand Bay. ________ . _
Iceberg Canyon. __ _______ ___ _____

Virgin Canyon _________ _______
Virgin Basin_____ __________________

Do_ ______________ _______
Do______________. ______________

Do____. _______________ ______

Colorado River below Hoover Dam_____

Sampling 
station '

3 66-67
65

60
55
50
AK

32
24
1Q

Cruise I, 
Feb. 25-29

929

646
COO

639
(\Afi

672

Cruise II, 
Mar. 31- 
Apr. 14

79 c
*7QK

666

639

669
fifift

666

Cruise III, 
Apr. 23-28

y_CQ

393
463

593
-V11
f_17

(\AQ

642
648
657

Cruise IV, 
May 25-31

oni

217
220®«1

289
QOC

^7.1
416.^u
550

667
676

Cruise V, 
June 26-30

977

236
..33
ggg
«7

369
361
332
352
567
CQ1

660

Cruise VI, 
July 24-29

701

530
474
457
369
340
288
505
509
349
343
464
541
517
646

Cruise VIII, 
Sept. 25-29

1,300

958
756
672
668
572
448
398
598
408
461
486
508
508
612

Cruise X, 
Nov. 27-30

1,180

1,110
734
720
681
626
565
487
486
477
502
530
532
542
678

1 Station locations shown on plate 18.
2 Reported value for normal composite period corresponding to sampling period in 

lake; usually the period during which the sampling was done.
3 "Convergence" area.
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CONVERGENCE OF COLORADO RIVER AND LAKE MEAD IN PIERCE BASIN, NOVEMBER 1948 

Note sharp contrast between lake and river where the turbid water rushes down along the lake bottom. The 1948 terrace just below water surface can be seen at right.
Photograph by Bureau of Reclamation. 
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the dissolved solids, caused chiefly by turnover. The 
surface water cools with decreasing air temperature, 
becomes more dense, and moves to greater depth in the 
lake. This causes a mixing of the water of the upper 
layers, and monthly samples during the survey of 1948- 
49 show a mixing to progressively greater depths. The 
results obtained in earlier studies also indicate that this 
mixing takes place progressively, the upper few feet 
being mixed first, followed by mixing to greater depths 
(see analysis 7 of table 11). The extent of the mixing 

in any season depends on the extreme air temperatures 
reached. In some years, as shown in January 1949, the 
mixing extends the entire depth at the intake towers, 
but in other years, such as 1943, only the upper 150 to 
200 feet of the lake seems to be affected. By the close 
of the winter season, just before the spring inflow, the 
lake water is as thoroughly mixed as it can be for the 
year (see table 13, measurements in March 1938). The 
process just discussed refers to the mixing of water 
from different depths at a specific locality within the 
lake. There is a uniformity of concentration of dis- 
solved solids throughout the lake in the winter, as is 
shown by the measurements during cruises of February 
25-29 and March 31-April 14, 1948 (table 14).

GEOGRAPHIC VARIATIONS

The chemical analyses of samples and the more nu- 
merous observations of specific conductance indicate 
variations in quality of water at different points in the 
lake.

In Pierce Basin, because of the turbulent conditions 
due to inflow and incomplete mixing where the river 
enters the lake, it is difficult to make observations, col- 
lect representative samples, and interpret the results of 
those observations and samples. In this area the water 
at the surface of the lake often has a mottled appear- 
ance, with the sediment appearing as "curds" through- 
out patches of clear water, and it is believed that this 
unmixed condition may exist over a considerable area. 
In some seasons the inflowing river water and the lake 
water form a distinct boundary (pi. IT). The circula- 
tion patterns in the area of convergence are described 
on page 135. During the Lake Mead survey 
the part of the lake near the mouth of Pierce Basin 
was generally near the convergence area, and samples 
were collected in this area each trip. Many of the 
samples represented the inflow (see analysis 6 of table 
11), whereas others were obviously mixtures of inflow- 
ing and lake waters.

The variations in concentration of dissolved solids 
in the surficial lake water in various parts of the reser- 
voir are indicated in the vertical columns of table 14. 
The progressive movement of the spring flood waters

into the lake is shown by printing in italic of the lowest 
concentrations of dissolved solids in this table. The 
effect of inflow of more mineralized waters, follow- 
ing the spring floods, is shown by the presence of such 
water at the surface in the upper reaches of the lake, 
particularly in September and October. Throughout 
the lake, the percentage variation in concentration of 
dissolved solids in the surface samples is least in Feb- 
ruary and March; in those months in 1948 the maxi- 
mum difference of such concentration in samples from 
a point below the convergence area and one at the in- 
take towers was about 10 percent. The composition of 
the lake waters is almost as uniform in early April. 
By contrast, the difference in concentration at these 
points in late May was about 300 percent.

The presence of soluble rocks underlying and border- 
ing Overton Arm of the lake suggests that the quality 
of the water might be different and the concentrations of 
dissolved solids might be higher there than in most of 
the lake. Extensive rock outcrops in the southern part 
of Virgin Basin also might contribute to the salinity 
of the lake there. For that reason sampling points 
were selected within Overton Arm, and also in Virgin 
Canyon and Boulder Canyon, which are above and be- 
low the areas where gypsum outcrops are most abun- 
dant. Casual observations during boat trips indicated 
that some of the gypsum and salt cliffs previously seen 
along the edge of Overton Arm had disappeared, a 
circumstance that was particularly noticeable in the 
vicinity of the Calico salt mines (p. 123). Solution of 
that material has obviously changed the shoreline and 
increased the capacity of the lake, but the total volume 
change has been but a small part of the total capacity 
of the lake.

Observations have been made since 1937 in Boulder 
Canyon near mile 335, about 20 miles above Hoover 
Dam. There has always been a considerable variation 
from month to month in the specific conductance of 
the water at the Boulder Canyon sampling point. On 
May 24, 1939, the range in specific conductance was 
from 1,040 to 1,110 micromhos in the top 440 feet; but 
on June 23, 1939, the range was from 770 to 1,100 in 
micromhos in the same depth range. In January 1940 
the range was from 1,030 to 1,110 micromhos for the 
entire depth. Observations made in Boulder Canyon 
during a trip in August 1950 showed that the range in 
conductance was from 635 to 1,074 micromhos in the 
top 415 feet of water. It appears that the concentra- 
tion of dissolved solids at Boulder Canyon is always 
higher than at the sampling point in Virgin Canyon, 
but some of the values for Boulder Canyon are lower 
than has been found at the intake towers. Water in 
Boulder Canyon has a lower calcium and bicarbonate
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concentration than is found in the inflow, representing 
the effect of precipitation of calcium carbonate during 
storage.

The most complete records of temperature and dis- 
solved solids are those collected in Black Canyon at the 
intake towers of Hoover Dam (mile 354.6). Although 
these records apply to only a small section of the lake, 
they are of considerable significance in indicating the 
changes that take place throughout the lake from sea- 
son to season. All water released from the reservoir 
since May 1, 1936, has entered the intake towers at ele- 
vations 900 and 1,050 feet,6 except during 1941, when 
about 3,122,000 acre-feet flowed over the spillways in 
the period August 8 to December 1. As a rule samples 
have been collected and observations made at the intake 
towers once each month since May 1937, except during 
the war years. These records show the stratification 
of water of different salinities and temperatures and 
the effects of mixing at certain times during the year.

VARIATIONS WITH DEPTH

Throughout the year, except during a short period in 
late winter or early spring, there is definite stratification 
of the water of Lake Mead, as shown by the existence of 
two or more layers of water of different salinity. The 
main body of water in the lake has a conductance of 
about 1,000 micromhos. Above this body of water there 
are commonly layers or strata of varying thickness, 
composed of waters of lower salinity which probably 
result from incomplete mixing of the main body with 
inflowing water. The quality of water at different 
depths in Virgin Basin and in Boulder Basin is shown 
by analyses 9 to 15 in table 11.

At the bottom of the lake the specific conductance and 
alkalinity of the water are higher than in the main body 
of water. This more mineralized water, represented by 
analyses 8 and 15 in table 11, commonly has a higher 
temperature than the water in the main body of the lake. 
It is always associated with the sediment deposits, and 
usually samples of this water include large quantities of 
sediment. The increase in content of dissolved solids is 
mostly in calcium and bicarbonate; it is likely that these 
constituents have been dissolved from the sediment, in- 
asmuch as organic matter in the sediment could furnish 
carbon dioxide that would assist in the solution of car- 
bonates. It has been observed that dissolved solids and 
alkalinity, as well as temperature, increase with depth 
of penetration into the sediment; waters associated with 
sediment commonly have alkalinity greater than 300 
ppm (expressed as HCO3 ). It has also been found that 
prolonged contact of water with the sediments produces

further increase in alkalinity and dissolved solids. 
Analyses of samples collected at the intake towers and 
stored in the laboratory showed an increase of 50 ppm of 
alkalinity in the 2-month period July 25-September 25, 
1949, and a total increase of 178 ppm during a 12-month 
period.

These changes in dissolved solids content of samples 
were noted in the early studies of the lake waters, and for 
that reason water samples that were collected at the 
bottom of the reservoir and had a muddy appearance 
were allowed to settle, and the clear water was decanted 
from the container as soon as possible after collection. 
Such samples were designated "decantates"; analyses of 
those samples represent the w-ater in contact with the 
sediment at the time the sample was collected, or at the 
time of decantation, which was shortly after the collec- 
tion. It is believed that the volume of this more min- 
eralized water near the bottom is small, but it may have 
some effect on the average salinity of the lake water 
through mixing. Such mixing may be accelerated by 
the movement of density currents, which is generally 
along the bottom or very near the bottom of the lake.

RELATION TO TEMPERATURE OP THE LAKE WATER

The temperatures of water recorded at the surface in 
the main body of the lake have ranged from 53°F to 
90°F. These surface temperatures are affected by wave 
action, wind currents, and evaporation, but the trends 
follow pretty well, of course, the changes in atmospheric 
temperature. Seasonal temperature patterns at 10-foot 
depth throughout the lake are shown in figures 33, 35, 
38, and 40. Large diurnal and seasonal fluctuations 
occur only in the surficial zone of the reservoir.

jMoy27

8 Measured nt the centers of the 10-foot gates ; the sills of the gates 
are 5 feet lower.

50 60 70 80 
TEMPERATURE, IN DEGREES FAHRENHEIT

FIGURE 25.—Water temperature at the intake towers of Hoover Dam 
during four periods in 1948.



120 COMPREHENSIVE SURVEY OF SEDIMENTATION IN LAKE MEAD, 1948-49

1200

UJ

UJ MOO

UJ

UJ

§ 1000
UJ 
UJ

z 
o
i- 
< >
UJ
_)
UJ

r 900

800

700

DISSOLVED SOLIDS, IN PARTS PER MILLION 
12 50_ _ _ _ _ JOOOJ 1250_____IOOOJ 1250______I250J \Z50_ ____ I250J

|48
TEMPERATURE, IN 

78| 148__________781

Temperature
1 Solids

DEGREES FAHRENHEIT 
148 8I|

Temperature
1 Solids

0 ... jSolids
1
1
1 
\

Temperature

|48

1 Solids
Temperature

Virgin Canyon Boulder Canyon Virgin Canyon Boulder Canyon

APRIL 19-20 AUGUST 23-25
FIGURE 26.—Temperature and dissolved solids in Virgin and! Boulder Canyons, 1948.

Water in the main part of the lake and at most depths 
has a fairly uniform temperature of about 52°F. 
At the intake towers the range in temperature at 
depths greater than 150 feet (except at the bottom) is 
less than 4°F. Seasonal variations in temperature 
throughout the range of depths at the intake towers 
are shown in figure 25. The warmer water at the bot- 
tom of the reservoir appears to be related to the bio- 
chemical activity in the accumulated sediment, which 
is described by F. D. Sisler (p. 187-193). The higher 
concentration of dissolved solids in this zone has been 
mentioned above.

The temperature of the water throughout the lake 
approaches uniformity in the winter, when the waters 
are more thoroughly mixed than at other times during 
the year. It has been pointed out that the content of

dissolved solids is also most nearly uniform throughout 
the lake at this time in both depth and geographic 
distribution.

Throughout the year the greatest uniformity in 
temperature is recorded in the deeper waters of the 
reservoir, particularly in Boulder Basin, as indicated 
by figure 25. The deeper waters also remain fairly 
uniform in content of dissolved solids, as shown by 
measurements of specific conductance. Figure 26 
shows examples of the records of temperature and dis- 
solved solids at various depths. In April 1948 the 
temperature and concentration of dissolved solids were 
fairly uniform at all depths, in both Boulder and Vir- 
gin Canyons. In August there was considerable varia- 
tion in temperature and dissolved solids in the upper 
150 feet of the reservoir, but below that depth both
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characteristics were uniform and only slightly different 
from those observed in April.

EFFECT OF RESERVOIR STORAGE UPON WATER 
QUALITY

The content of dissolved solids in the water released 
from Lake Mead would be equivalent to the weighted 
average of dissolved solids in the inflow from all 
sources, provided there were thorough mixing of all 
inflowing waters within the lake before release, and 
provided there were no changes during storage. Inas- 
much as the reservoir is large enough to hold more 
than 2 years' average inflow, the content of dissolved 
solids would ordinarily represent the weighted averages 
of inflow^ for a period at least so long.

There is abundant evidence, however, that the mix- 
ing of waters is never quite complete, although in late 
winter the characteristics of the water are fairly uni- 
form throughout the lake. Outstanding examples of 
nonmixing have been mentioned in the discussion of 
density currents, which may move inflowing water to 
the dam essentially without mixing with the lake water; 
the density currents are relatively rare phenomena, 
however. The variations in content of dissolved solids 
just described—areally, in depth, and in time of year— 
are also indications of the incompleteness of the mixing 
process in the reservoir.

Analyses of water released from the reservoir show 
a variation generally less than 100 ppm in dissolved 
solids in the course of a single year. The variation is 
very small, in contrast to variations shown by analyses 
of the inflowing water, which commonly are greater 
than 1,000 ppm in a single year. It is thus evident that 
there is a great amount of mixing of waters in Lake 
Mead. Anderson and Pritchard (p. 129) cite evidence 
for their further conclusion that most of this mixing 
is accomplished within and above the Virgin Basin 
of the Lake.

There is also evidence of changes within the lake 
that would result in changes in content of dissolved 
solids in the stored water. The white precipitates 
along the shores below the high-water line of the res- 
ervoir are conspicuous to visitors, although they repre- 
sent a very small volume of material. Many may also 
have noted the disappearance of rock materials in the 
bed or banks of the reservoir in some places; some of 
these were soluble gypsum or rock salt of the Muddy 
Creek formation. Evidences of removal by solution are 
discussed by H. R. Gould (p. 212). Finally, significant 
quantities of water have been lost from the reservoir 
by evaporation, with a resultant increase in concentra- 
tion of dissolved solids in the water remaining in the 
reservoir. The effects of these chemical phenomena

within the reservoir are shown by comparison of the 
analyses of the inflowing and the outflowing water (see 
analyses 4 and 16, table 11).

COMPARISON OF CHEMICAL CONSTITUENTS IN THE 
INFLOWING AND OUTFLOWING WATER

Analyses of the Colorado River water at the Grand 
Canyon gaging station represent pretty well the chemi- 
cal character of the water flowing into Lake Mead. 
The inflow from tributaries and side washes is prob- 
ably somewhat more mineralized than the water of the 
main stream; but the volume of water in the tributary 
inflow is small as compared to the flow at Grand Can- 
yon, hence the quality of their water has little effect 
on the quality of the lake water. However, the total 
quantity of dissolved material brought into Lake Mead 
is somewhat greater than the quantity calculated from 
the records of the Grand Canyon station, because of 
the unmeasured amounts in this tributary inflow. The 
dissolved solids carried past the Grand Canyon station, 
based on annual weighted-average analyses, has ranged 
from 6,100,000 tons in the water year 1934 (a year of 
serious drought) to 12,900,000 tons in 1941. A total 
of 140,000,000 tons was carried by the river in the 14 
water years 1935-48. It is estimated that the dissolved 
solids in the unmeasured inflow to Lake Mead in this 
period was of the order of 8,000,000 tons.

Analyses of the water flowing out of the reservoir 
are based on samples collected at the Topock gaging 
station, 115 miles downstream from Hoover Dam, in 
the water year 1934 (before the dam was completed) ; 
at the Willow Beach gaging station, 10 miles below the 
dam, from 1935 to 1939 inclusive; and at the gaging 
station immediately below the dam since 1939. In the 
water year 1934 the dissolved solids in the river below 
Hoover Dam amounted to 6,500,000 tons, slightly 
greater than the amount measured at Grand Canyon. 
In the 14 water years 1935-48 the dissolved solids in the 
outflowing water totalled 136,000,000 tons.

A comparison of the concentration and chemical 
character of dissolved solids in the inflowing and out- 
flowing water shows the effects of changes within the 
reservoir. When storage was first started in 1935, 
water released from the reservoir had approximately 
the same concentration of dissolved solids as the water 
of the inflow, and the water released on those days 
showed variations in concentration of dissolved solids 
similar to the variations at Grand Canyon. This is 
illustrated by the graphs in figure 27. As soon as there 
was an appreciable volume of water in the reservoir 
(July 1935) the maximum concentration of dissolved 
solids in the outflow dropped below the maximum of 
the inflow. Since October 1, 1936 (5 months after the
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FIGURE 27.—Dissolved solids and discharge at the Grand Canyon and Willow Beach gaging stations on the Colorado River during the year
ended September 30, 193'5.

tunnel gates were closed), the dissolved solids in the 
outflow have been less than 825 ppm, whereas the con- 
centration of dissolved solids in the inflow has for short 
periods exceeded 1,700 ppm. The water released from 
Lake Mead in 1948 is represented by analysis 16 in 
table 11. It will be noted that this water is somewhat 
higher in dissolved solids than the average for the 
Grand Canyon station, represented by analysis 4 in the 
same table. Owing to the filling of the reservoir, how- 
ever, the total outflow of dissolved solids was less than 
the total inflow.

The weighted-average concentration of dissolved 
solids in the outflowing water has been greater than 
that in the water at Grand Canyon in every year of 
the period 1937-49, except in 1946. Comparison of 
the published weighted-average analyses of the inflow- 
ing and outflowing waters (U.S. Geol. Survey, 1943 
and later) provides some additional information as to 
the chemical changes occurring within the lake. There

is little change in content of potassium, magnesium, or 
nitrate, although the outflowing water generally has 
a slightly higher concentration of each of these con- 
stituents. The content of bicarbonate is generally sig- 
nificantly less and the silica content is commonly 10 
to 25 percent less in the outflowing water. On the 
other hand, the sulfate concentration in the outflowing 
water in several years has been more than 50 percent 
greater than in the inflowing water; this increase began 
in 1937 and continued through 1949. The calcium 
content in the outflowing water in some years has been 
20 to 35 percent greater than that in the inflowing 
water. The sodium content in the outflowing water 
has also been as much as 25 percent greater in several 
years.

These changes within the reservoir are correlative 
with the solution and precipitation of mineral matter 
by the lake waters and with the overall concentration 
resulting from evaporation.
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CONCENTRATION BY EVAPORATION

The evaporation losses from Lake Mead are about 
5 percent of the average inflow to the lake, or about 
700,000 to 900,000 acre-feet a year (p. 98 and table 
17). The soluble salts from the evaporated water are 
left in the lake, for the most part in solution, thereby 
increasing the concentration of dissolved solids in the 
lake water. With such a high annual evaporation loss 
we can expect the lake to show a concentration of min- 
eral matter appreciably higher than the average of the 
inflowing water. Any increase in concentration due 
to evaporation is offset to some extent by decreases due 
to precipitation of dissolved constituents.

Concentration by evaporation may account for the 
slight increases in concentration of such constituents 
as magnesium, potassium, and nitrate noted in the out- 
flowing water.

PRECIPITATION OF DISSOLVED CONSTITUENTS

It is difficult to compute the magnitude of the 
changes caused solely by evaporation of the lake water, 
but it appears, from a study of the records of inflow, 
outflow, and quality of the lake water, that during the 
years of storage more than 1,000,000 tons of silica and 
more than 9,000,000 tons of calcium carbonate have 
been precipitated in the lake. Analyses of the white 
deposit above the waterline and around the lake edge 
have shown that most of it is calcium, presumably car- 
bonate, and that silica composes about 20 percent of the 
material. The cause for precipitation of silica is not 
known, but it seems likely that the calcium carbonate 
was precipitated by loss of carbon dioxide.

An attempt was made to observe the precipitation 
of calcium carbonate and silica through the collection 
of samples at various depths in the upper levels of 
the lake. The analytical results for the samples do 
not give much evidence of the precipitation process, 
possibly because the sampling was done too late in the 
season to detect the difference due to evaporation losses. 
Observers have noticed, however, that during the sum- 
mer months the water near the surface has an opal- 
escence that could be interpreted as an indication of 
the presence of finely divided precipitated material.

It is extremely unlikely that the white deposits above 
the waterline represent all the material precipitated 
from solution during storage. Much of the precipi- 
tated material has probably settled and is deposited on 
the bottom of the lake along with the suspended ma- 
terial.

Further evidence of the precipitation of calcium 
carbonate in the reservoir is found in the data in table 
14, showing the concentration of dissolved solids at the 
surface at different points in the lake, and in the

analyses in table 11. The dissolved-solids concentra- 
tion shown by analysis 6 represents water with less 
dissolved solids than was present in the river at Grand 
Canyon at any time during the preceding 12 months. 
The calcium and bicarbonate in the surface samples 
(analyses 6, 9, 11, and 12) are generally less than are 
found in the river water at Grand Canyon (analyses 
1-4). The marked decreases in silica and bicarbonate 
shown in the weighted-average analyses of the outflow- 
ing water constitute additional evidence of precipita- 
tion from the lake water.

SOLUTION OF RESERVOIR BED AND BANK MATERIALS

The presence of large quantities of soluble rock 
material that cropped out within the reservoir area, 
particularly in Overtoil Arm, was recognized during 
the planning stages for Hoover Dam. This material 
consisted largely of gypsum (calcium sulfate) and 
some halite (sodium chloride) within the Muddy Creek 
formation. At one time it was suggested that the so- 
lution of these salts would increase to a serious extent 
the concentration of dissolved solids in the stored water. 
In the early studies a few samples of water were col- 
lected close to the bottom of the lake, particularly in 
the vicinity of the submerged Calico salt mines in 
Overtoil Arm of the lake. These samples showed a 
local concentration of dissolved solids somewhat higher 
than was found in water at lesser depths in that area, 
but they failed to show for any large masses of water 
a marked increase in concentration which could be at- 
tributed to dissolving of the rock material.

The water released from Lake Mead in almost every 
year has shown a higher concentration of dissolved 
solids than the average for the inflow. Assuming that 
the 24,600,000 acre-feet of water in Lake Mead at the 
end of water year 1948 carried 0.91 ton of dissolved 
solids per acre-foot, the total solids in the lake would 
be about 22,300,000 tons. About 12,000,000 tons of this 
is accounted for by the greater inflow than outflow 
(p. 121), during the filling of the lake. The remaining 
10,000,000 tons or so represents the net change, in dis- 
solved solids in the lake itself—that is, the increases 
resulting from solution less the decreases due to precipi- 
tation of 10,000,000 tons of calcium carbonate and 
silica from the stored water. The total increase, of 
the order of 20,000,000 tons, has been largely in calcium 
and sulfate, and considering the large quantities of 
gypsum along the lake bottom and shores, the in- 
creases are not surprising. The increased concentra- 
tion of sulfate in the outflowing water, shown in the 
published weighted-aver age analyses, and the slight 
increases in calcium even though some calcium is 
known to be precipitated from the lake water, are
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doubtless partly the result of this solution. Similarly, 
the increased concentrations of sodium and chloride in 
the outflowing water are attributed partly to dissolving 
of halite.

STABILIZATION OF WATER QUALITY BY RESERVOIR 
STORAGE

Although there has been an increase in dissolved 
solids through the evaporation and solution processes 
described in the previous sections, there has also been 
a stabilization of the chemical quality during the period 
of storage, which has been of considerable value to the 
users of water below Hoover Dam. As a result of the 
stabilization, a lower tonnage of soluble salts has been 
delivered to the irrigated lands below Hoover Dam 
than would have been delivered if there had been no 
storage. This is because the concentration of soluble 
salts in the unregulated river watpr, as indicated by 
the Grand Canyon records, is higher than the con- 
centration in the released water during the periods 
when most of the wrater is taken from the river for

irrigation. Thus the "alkali" problem of the lands 
irrigated by the Colorado River below Lake Mead has 
been decreased to an appreciable extent.
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