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CONVERSION FACTORS

Factors for converting inch-pound units to metric equivalents are given
in the following table:

From Multiptly f To obtain
by

acre-foot (acre-ft) 1,233.0 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
inch (in.) 25.40 millimeter
micromhos per centimeter at 1.000 microsiemens per centi-

25° Celsius (umhos) meter at 25° Celsius
mile (mi) 1.609 kilometer
square mile (mi2) 2.590 square kilometer
ton 0.9072 megagram
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STATISTICAL SUMMARY AND EVALUATION OF THE QUALITY OF SURFACE WATER
IN THE COLORADO RIVER BASIN, TEXAS, 1973-82 WATER YEARS

By

Freeman L. Andrews and Terry L. Schertz

ABSTRACT

Significant upward trends in dissolved-solids concentrations were detected
with the Seasonal Kendall Test for trends at three stations in the upper basin
during the study period. The increases exceeded 270 milligrams per 1iter per
year at two stations and 165 milligrams per 1iter per year at the third station.

The composition of dissolved constituents in the Colorado River basin
changes from predominantly sodium and chloride jons in the upper basin to pre-
dominantly calcijum and bicarbonate ions in the lower basin. The U.S. Environ-
mental Protection Agency secondary drinking-water regulations of 500 milligrams
per liter for total dissolved solids was exceeded 95 percent of the time at
each station on the main stem of the Colorado River in the upper basin. In
the middle Colorado River basin, the Environmental Protection Agency secondary
drinking-water regulations for total dissolved solids was exceeded approxi-
mately 95 percent of the time at most stations.

Nutrient concentrations in the Colorado River basin generally were low.
Only one sample exceeded the level set for nitrate nitrogen, and no other nutri-
ent species exceeded Environmental Protection Agency levels. A general upward
trend was detected in organic nitrogen and total nitrogen, but concentrations
still remained low.

Densities of fecal-coliform and fecal-streptococcal bacteria ranged from
less than 1 colony per 100 milliliters to 26,000 colonies per 100 milliliters
and 1 colony per 100 milliliters to 50,000 colonies per 100 milliliters, respec-
tively. Fecal-coliform densities exceeded Environmental Protection Agency cri-
teria for public water supply (2,000 colonies per 100 milliliters) at several
stations during the study.

Biochemical oxygen demand concentrations ranged from 0.00 to 34 milligrams
per liter. Only one mean biochemical oxygen demand concentration exceeded 38
milligrams per liter, the upper range of concentration common in moderately
contaminated streams.

Trace elements and pesticides were detected in many samples throughout the
basin. The concentrations generally were low, and maximum contaminant levels
rarely were exceeded.



INTRODUCTION

The U.S. Geological Survey, in cooperation with the Texas Department of
Water Resources, the Colorado River Municipal Water District, the Lower Colo-
rado River Authority, and other State and local agencies, has operated a net-
work of daily and periodic water-quality stations on streams in the Colorado
River basin since the early 1940's. To supplement the information being ob-
tained by the daily network, a cooperative Statlewide reconnaissance by the
Geological Survey and the Texas Department of Water Resources was begun in Sep-
tember 1961. During this study, samples for chemical analyses were collected
periodically at numerous sites on streams throughagut Texas so that some water-
quality information would be available where water-development projects were
1ikely to be built. Each major river basin in the State was studied, and
Leifeste and Lansford (1968) summarized the chemiclal quality of surface waters
in the Colorado River basin.

Before 1968, analyses of water samples from the network of daily and peri-
odic stations usually included only the principal inorganic constituents and
related properties. To supplement this information, the cooperative water-
quality program of the Geological Survey with State, Federal, and local agen-
cies was expanded in January 1968 to include the periodic determination of bio-
chemical oxygen demand, dissolved oxygen, nutrients, and pesticides at selected
sites on streams throughout Texas. Data prior to the 1973 water year have been
summarized by Rawson and others (1973) and Rawson (1974).

Water-quality data have been collected on ma
Town Lake and Lake Austin in the Colorado River
part of an urban-hydrology program. Much of this
and ‘will be analyzed in a separate report and is ng

ny small tributaries and on
basin in the Austin area as
data is storm-event related
t included in this study.

inflow (Rawson, 1982; U.S.
of the basin, have been con-

" Other studies, including several on saline
Army Corps of Engineers, 1980) in the upper part

ducted, but no basin-wide analysis of the data has

The purpose of this report is to (1) provide
water-quality data collected during the 1973-82 w;
and temporal variations in selected water-quality
problem areas, and (4) evaluate the adequacy of th
tion network.

BASIN DESCRIPTION

The Colorado River basin extends from eastern
an arm of the Gulf of Mexico on the coast of Texa
the basin in Texas is about 500 mi long, ranges
width, and is about 40,000 mi2 in area, including
western Texas that do not normally contribute rung
the basin (Rawson and others, 1973, p. 11).
River basin ranges from rolling prairie in the up
country in central Texas and on to the Coastal Pla

been done since 1972.

statistical analyses of the

ater years, (2) define areal

constituents, (3) delineate
e water-quality data-collec-

New Mexico to Matagorda Bay,
s (fig. 1). The portion of
from about 7 to 160 mi in
approximately 10,000 miZ in
»ff to streams and rivers in

The topography of the Colorado

per basin to the rugged hill
ins in the lower basin. The

geography and geology of the basin have been described extensively by Mount

and others (1967, p. 10-18).
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The principal tributaries to the mainstem Colorado River, in downstream
order, are Beals Creek, EIm Creek, Concho River, Pecan Bayou, and San Saba,
Liano, and Pedernales Rivers (fig. 1). The latter three are spring-fed, peren-
nial streams.

For this report, the Colorado River basin has been divided into three
physical sections that are separated by reservoirs. The upper section of the
basin is the area upstream from E. V. Spence Reservoir; the middle section
extends from E. V. Spence Reservoir to the highland lakes (Lake Buchanan, Lake
Lyndon B. Johnson, and Lake Travis); and the lower section is the area down-
stream from the highland lakes. Much of the data presented in tnhis report is
discussed relative to the three sections of the basin described above.

The climate of the Colorado River basin, also described by HMount and others
(1967), is characterized by hot summers and mild winters except for occasion-
ally severe cold temperatures in the High Plains portion of the basin. Average
annual precipitation ranges from less than 15 in. in the upper end of the basin
to more than 40 in. near the coast. The average monthly precipitation for the
period of study at selected stations in the Colorado River basin is shown in
table 1.

The major uses of surface water in the basin in 1980, according to data
provided by the Texas Department of Yater Resources, were irrigation and nunic-
ipal supply. Irrigation uses approximately 666,600 acre-ft of water annually,
or 71 percent of the total surface water used in the Colorado River basin.
Approximately 577,300 acre-ft, or 87 percent of the surface water used for
irrigation, is used in the Coastal Plains region of the river basin. WMunicipal
supply uses approximately 195,800 acre-ft of water annually or 21 percent of
the total surface water used. Approximately 83,700 acre-ft, or 43 percent of
the surface water used for municipal supply, is used by Travis County where 30
percent of the population in the river basin is located.

METHODS OF DATA ANALYSIS
Data Base Description

. Water-quality data collected by the Geological Survey from October 1972
through September 1982 (1973-82 water years) for 22 streamflow stations and 10
reservoir stations throughout the Colorado River basin form the data base for
this report. The 1ist of stations and the type of data collected at each sta-
tion during the study period are shown in tables 2-3. Thirteen of the stream-
flow stations and two of the reservoir stations are located on the mainstem
Colorado River, and the remaining nine streamflow stations and eight reservoir
stations are located on major tributaries (fig. 1). Water-quality data were
callected and published as Colorado River at Ballinger (08126500) until Septem-
ber 1979. The location of sample collection was then moved upstream, and the
data were stored and published as Colorado River near Ballinger (08126380) for
the remaining period of record. For this report, the water-quality data for
the two sites were combined and are referred to as Colorado River at Ballinger
(08126500).

Some of the nutrient data and much of the trace element and pesticide data
are reported by the laboratory and stored in the Geological Survey WATSTORE
files as "less-than" (<) values. The "less-than" values indicate that the con-



Table l.--Monthly precipitation at selected locations
in the Colorado River basin

Month Annual precipitation, in inches Average
for month

Ballinger, Texas

1972 1973 1974 1975 1976 1977 1978  1979* 1980* 1981* 1982*

Jan. 0.52 2.3%5 0.06 0.76 0.00 1.08 0.50 0.78 -- 0,96 1.48 0.77
Feb. 12 1,66 .36 1.60 .30 .75 2.00 1.59 -- 1l.20 1.16 .98
Mar. .05 1.02 .45 .01 .54 1.34 .24 1.98 -- 4.46 1.34 1.04
Apr, .72 3.15 1.30 .81 5.30 5.37 91 2.33 -- -- -- 1.09
May. 3.15 .91 3.21 1.02 .82 1.30 4.8 1,92 -- 4,29 6.04 2.50
Jun. 3.98 3.63 .64 .65 .92 3.13 .84  4.69 - - - 1.68
dul. .60 3.76 .68 5,32 3.43 .90 .60 .62 0.15 -- - 1.46
Aug. 4,93 02 3.7 .59 .69 2.13 3.81 4.09 1,04 1.39 .53 2.08
Sept. 2.26 4.65 6.43 2,35 3.79 .31 5,48 .58 14,47 --  1.98 3.85
Oct. 4,35 3,75 4.31 2.21 5.35 3.68 .34 .52 .01 7.38 1,16 3.00
Nov. .40 .13 1.55  3.07 .62 .30 1.54 .16 - - 1.96 .88
Dec. .01 .14 1.51 .65 .13 .16 .04 -- 1,98 .35 - .45
Total for ‘
year 22,09 25,17 24,21 19.04 21.89 20.45 21.13 - -- -- --

San Saba, Texas
1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Jan. 0.60 3.51 0.60 0.65 0.00 1.47 0.33 1.5 1.03 0.63 0.91 1.02
Feb. .36 2.15 J2 2.52 .34 44 2,59 2.50 1.43 1.09 1.16 1.39
Mar. T** .89 .42 .77 .76 2.83 .40 3.69 1,07 4.47 1.43 1.52
Apr. 3.32  4.79 .94 3.49 3.55 6.93 1l.00 1.63 1.90 1.43 2.22 2.84
May. 4,66 1,16 5.8 6.69 2.98 .95 4.17 4,01 5.6 3.19 4,99 4.02
Jun, 2.18 4,69 1.39 1.61 2.38 1.94 3.98 4,17 2.8 4.37 3.41 3.00
Jul. 0.90 3.60 1.57 2.47 7.00 .00 .63 0.95 2.25 .28 .34 1.82
Aug. 3.27 .00 6.18 1.70 .23 .96 5.38 8.14 23 2.46 .88 2.68
Sept. 3.84 4,50 5,03 1.18 3,15 .00 2.25 .08 6.61 3.30 .58 2.77
Oct. 2.16 6.52 3,22 .88 3.5 1.12 47 1,70 .54 5,55 .56 2.39
Nov. 1.07 1.00 1.50 .92 .93 2.20  3.59 .10 2,98 1.19  3.40 1.72
Dec. .27 .08 1.93 .54 .56 .10 .64 2,71 1.73 .06 1.90 .96
Total for
year 22.63 32.89 29,35 23.42 25.44 18,94 25.43 31.22 28,21 28.02 21.78

-5-



Table l.--Monthly precipitation at selected locations
in the Colorado River basin-<«Continued

Month Annual precipitation, in inches Average
for month

Austin, Texas

1972 1973 1974 1975 1976 1977 1978 | 1979 1980 1981 1982

Jan. 1.48 3.42 2.74 1.11 1.16 2.25 0.88 2.11 0.85 2.57 0.85 1.77
Feb. .31 2,05 .36 2.30 1.11 2.58 1.95 3.54 2.33 1.18 .80 1.68
Mar. TR 2,92 1.3¢ .80 2.11 2.18 .8 3.76 3.20 3.05 1.39 1.96
Apr. 1.46 3.09 1.79 3.8 8.13 6.08 1.72 2.98 2.20 .81 4.17 3.30
May. 7.88 1.38 5.88 8.16 6.05 1.2¢4 5.78! 7.29 5.43 9.02 5.68  5.80
Jun. 2.20 4.70 .21 7.07 3.19 1.22 2.98 .83 .31 14,9 2.9 3.70
Jul. 2.5 2.95 .61 2.25 4,71 .21 1.19|10.54 .28 3.39 .13 2.62
Aug. 2.53 .06 8.90 2.54 0.80 .06 1.49| .61 13.55 .91 .77 2.93
Sept. 1.55 7.44 1.58 3.62 3.80 3.10 4.44| 1,40 5.66 2.65 1.88 3.37
Oct. 2.96 11.11 3.45 2.54 5,93 1,19 1,38 .45 1.29 7.08 2,66 3.64
Nov. 2.62 .58 7.35 .52 1.78 1.69 5.48 .59 3.41 .72 3.19 2.54
Dec. 53 .76 2,00 2.04 248 .34 2.84) 3.40 128 .39 2.12 1.65
Total for
year 26.07 40.46 36.21 36.81 41.25 22.14 30.9737.50 39.75 46.69 26.63

Columbus, Texas
1972 1973* 1974 1975 1976 1977 1978 1979 1980 1981 1982

Jan. 3.58 3,55 6.99 2.30 1.04 2.59 5.64) 6.31 3.56 2.59 1.59 3.61
Feb. 1.52  2.93 .28 1.49 .46 3.30 3.20 3.73 2.29 1.8 2.74 2.16
Mar. 6.54 4,27 1.46 2.54 2,04 1.73 .82 2.19 3,27 1.48 2.08 2.58
Apr. 1,04 8.65 1.16 6.8 6.83 7.47 1.8 6.79 1.04 4.12 2.53 4.40
May. 10.81 2,17 6.95 10.11 3.76 2.76 1.87 ‘13.48 6.39 7.63 7.05 6.63
Jun. 1.63 16.89 1.95 4,51 3.49 3.33 3,58 2.30 .54 9.41 2,11 4.52
Jul. 4.93 6.43 1.48 2.09 3.38 .86 .83 7.90 .90  3.99 .81 3.05
Aug. 2.06 --- 5.98 4.18 2.68 2.59 2.35 | 2.37 .86 6.58 1.76 2.86
Sept. 1.59 4.04 8.55 .96 5.15 3,12 10,33 | 8.03 5.34 2.47 0.28 4.53
Oct. 3.49 6.90 2.91 2.58 8.08 1,92 .84 .43 3.82 4.48 4.82 3.66
Nov. 4,22 1.56 6.23 2,72 2.32 4,60 5.16 1.42 3,14 6.32 7.73 4.13
Dec. 1.66 2.32 3.24 1.62 7.01 1.06 3.44 1.92 1.03 .82 2.71 2.44
Total for
year 43.07 --- 47.18 41,98 46.24 35.33 39.94 |56.87 32,18 51.74 36.21

* Information not available for every month.
** T=trace

-6-




Table 2.--Summary of the water-quality data-collection program for streamflow gaging stations

in the Colorado River basin for the 1973-82 water years

Trace Daily or
Station Inorganic  Nutrients ele- Indicator Pesticides Continuous continuous
ments bacteria streamflow speci fic
conductance

08118500 Bull Creek near Ira 1975-78 - - - - - -
08119000 Bluff Creek near Ira 1975-78 -- - - - - -
08119500 (olorado River near Ira 1974-82 - - -- - 1973-82 1974-82
08120500 Deep Creek near Dunn 1974-78 - - - - 1973-78 -
08120700 Colorado River near Cuthbert 1973-82 - - - - 1973-82 1973-82
08121000 Colorado River at Colorado City 1973-82 - - - -- 1973-82 1973-82
08123800 Beals Creek near Westbrook 1973-82 1975-77 - - - 1973-82 1973-82
08123850 Colorado River above Silver (N) 1973-82 1978-82 1973-82 1973-82 1973-81 1973-82 1973-82
08126500 Colorado River at Ballinger 1973-82 - - - - 1973-82 1973-82
08127000 Eim Creek at Ballinger 1973-82 - - - - 1973-82 1973-82
08136500 Concho River at Paint Rock 1973-82 1973-82 1973-82 - 1973-81 1973-82 1973-82
08136700 (olorado River near Stacy 1973-82 1975-77 - - - 1973-82 1973-82
08138000 Colorado River at Winchell 1973-82 -- - - -- 1973-82 1973-82
08143600 Pecan Bayou near Mullin 1973-82 -- - - - 1973-82 1973-82
08147000 Colorado River near San Saba (N} 1973-82 1973-82 1973-82 1973-82 1973-82 1973-82 1973-82
08151500 Llano River at LlLano (N) 1979-82 1979-82 1979-82 1979-82 1979-82 1979-82 1979-81
08153500 Pedernales River nr Johnson City 1973-82 - - - - 1973-82 -
08158000 Colorado River at Austin (N) 1973-82 1973-82 1973-82 1973-82 - 1973-82 1973-82
08158650 Colorado River below Austin 1973-82 1973-82 1973-82 1973-82 1975-82 - -
08159200 Colorado River at Bastrop 1973-82 1973-82 -- - - 1973-82 --
08161000 Colorado River at Columbus 1973-81 1973-81 -- - -- 1973-82 -
08162000 Colorado River at Wharton (N) 1973-82 1973-82  1973-82 1973-82 1973-82 1973-82 1973-82

(N)-=NASQAN station
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stituent concentration at the time of analysis was less than the lower limit
of detection. Because it is virtually impossible to perform statistical analy-
sis on values reported as "less than," these values were converted to zero,
for the purpose of this report, before statistical analyses were performed.
Zero values in the statistical tables indicate that if the constituent was
present, the concentration was less than the lower 1imit of detection.

Statistical Procedures

Summary statistics, linear regre551on, and plots were produced through
the Statistical Analysis System (SAS)! developed by the SAS Institute of Cary,
North Carolina (SAS Institute, Inc., 1982a,b). The SAS software has been inter-
faced with the Geological Survey's National Water Data Storage and Retrieval
System (WATSTORE).

A SAS procedure based on a seasonal adaptation of the nonparametric Ken-
dall Test, SEASKEN, and developed by the Systems Analysis Group of the Geologi-
cal Survey, was used to test for trends in water-quality data. A detailed
description of this procedure is presented by Crawford, Slack, and Hirsch
(1983). A brief description is presented in the section "Trends in Water-
Quality Constituents" in this report.

STREAMFLOW

The Geological Survey operated over 50 continuous-streamflow stations, 9
partial-record stations and 14 reservoir-content stations within the basin for
1 or more years during the 1973-82 water years. At sites where periodic sam-
ples were collected for chemical analysis, streamflow was determined at the
time of sampling and stored as an instantaneous discharge measurement. The
instantaneous-discharge data are summarized in table 5 for each stream station
(see supplemental information). Available continuous streamflow data for sta-
tions in the Colorado River basin are summarized in table 4. The table shows
the maximum, minimum, and mean discharge for each station for the period of
study and mean discharge for the period of record.

Streamflow in the Colorado River is affected by regulated releases from
E. V. Spence Reservoir in the upper basin and from a chain of highland lakes
in the lower basin. Discharge during the 1973-82 water years in the mainstem
Colorado River ranged from no flow at the Colorado River near Ira station
(08119500) to 64,000 ft3/s at the Colorado River at Columbus station (08161000).
The relative magn1tudes of d1scharge throughout the basin are shown graphically
in figure 2. Mean d1scharge in the mainstem Colorado River above E. V. Spence
Reservowr was 7.9 ft3/s at the Colorado River near Ira station (08119500) and
40.0 ft3/s at the Colorado River at Colorado City station (081’1000% Between
E. V. Spence and the highland lakes, mean discharge was 93.3 ft°/s at the
Colorado River above Silver station (08123850) and 663 ft3/s at the Colorado
River near San Saba station (08147000).

1 Use of firm name in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.
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Table 4.--Streamflow statistics for selected stations in the

Colorado River basin for the 19/3-82 water years

[ft3/s, cubic foot per second]

tation Station name 1973-82 water years Period of Mean for
e (Vs (Y (mysy o [EYS)
)8119500 Colorado River near Ira 7.9 2,900 0.00 24 10.4
8120500 Deep Creek near Dunn 11.7 5,320 .00 29 12.5
8120700  Colorado River near Cuthbert 40.2 8,770 .00 17 38.9
)8121000 Colorado River at Colorado City 40.1 8,860 .00 30 40.1
)8123800 Beals Creek near Westbrook 27.8 5,890 .00 24 25.0
8123850 Colorado ‘River above Silver 93.3 15,900 .00 15 81.6
8126500 Colorador River at Ballinger 59.3 9,200 .00 14 52.5
)8127000 Elm Creek at Ballinger 50.6 15,900 .OQ 50 47.6
8136500 Concho River at Paint Rock 94.3 23,800 .00 20 60.7
8136700 Colorado River near Stacy 246.1 31,300 .00 14 230
8138000 Colorado River at Winchell 304.5 37,500 .00 14 279
18143600 Pecan Bayou near Mullin 79.3 6,120 .00 15 119
8147000 Colorado River near San Saba 663.7 41,000 3.80 14 677
8151500 Llano River at Llano 477.1 71,200 7.30 43 363
8153500 Peg?;;a1es River near Johnson 251.8 36,400 .50 43 179
8158000 Colorado River at Austin 1,958.6 31,500 6.70 46 2,010
8159200 Colorado River at Bastrop 2,398.5 45,000 114.00 22 2,174
8161000 Colorado River at Columbus 3,098.0 64,000 110.00 46 2,935
3162000 Colorado River at Wharton 2,970.8 57,400 284.00 44 2,712
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Mean streamflow at the Colorado River at Ballinger station (08127000) was
less than that at the Colorado River above Si1ver station (08123850) due to
storage of water in E. V. Spence Reservoir. Below the highland Takes, mean
discharge in the Colorado River was 1 958 fit3/s at the Colorado River at

Austin station (08158000) and 3,098 ft3 /s at
station (08161000). At more than 60 percent

streamflow for the selected period was slightly

flow for the period of record.

Flow-cduration curves for the Colorado River
the Colorado River near San Saba station (0814

the Colorado River at Columbus
of the selected stations, mean
greater than the mean stream-

above Silver station (08123850),
7000), and the Colorado River at

Wharton station (08162000) are shown in figure 3. The slope of the flow-
duration curve is an indication of the characteristics of streamflow at a sta-
tion. When streamflow is influenced mostly by runoff, the flow-duration curve
will have a steep slope. A flat slope generally is indicative of the influ-
ence of surface- or ground-water storage. In the upper Colorado River basin,
the slope of the duration curve at the Colorado River above Silver station
(08123850) is steep. Farther downstream, the slope of the curve at the Colorado
River near San Saba station (08147000) decreased reflecting the storage of
water in E. V. Spence Reservoir and other area reservoirs. At the Colorado
River at Wharton station (08162000), which is downstream of all reservoirs in
the study area, the lower portion of the curve is flat reflecting the large
amount of water storage in the highland lakes. The difference in streamflow
characteristics from the upper to lower basin and the retention and regulation
of streamflow by reservoirs on the Colorado River are maJor influences on the
water quality in the basin.

WATER QUALITY

Statistical summaries of water-quality data collected at periodic inter-
vals from streams and rivers provide the data user with a general knowledge of
the distribution of the data and a general understanding of the chemical com-
position of the water. The statistical summaries of water-quality data at
stations in the Colorado River basin for the 1873-82 water years are given in
table 5 (supplemental information).

Concentrations
uents

General Factors Influencing
of Dissolved Constit
Streamtlow

Water flowing in a stream or river 1is a constantly changing mixture of
overland runoff and ground-water discharge. he source of most flow during
high-flow periods is overland runoff. Rainwater, which commonly is formed by
a natural distillation process, is nearly free of dissolved minerals. Flow
from overland runoff usually is low in dissolved-mineral concentration because
the time that the rainwater is in contact with soluble mineral constituents is
usually too short for much solution to take place. In contrast, the source
of most flow during low-flow periods is ground water, which usually is higher
in dissolved mineral concentrations due to longer contact with soluble mineral
constituents. Natural factors such as reaction of the water with the stream-

bed and man-made factors such as waste effluen
the composition and concentrations of dissolved
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Reservoirs

Impoundment of water within a reservoir also may result in significant
changes in the quality of the water. Reservoirs represent a holding and mix-
ing basin for streamflow. Mixing of surface-water inflow often is not complete,
and water in one area of the reservoir may be greatly different in composition
and properties than in other areas. The quality of water in a reservoir can be
influenced particularly by periods of high infllow. Large quantities of dilute
runoff, whether it is impounded or passed through, can greatly alter the over-
all composition of the water in the reservoir. |

Other changes in the quality of water in reservoirs can be related to
thermal stratification--layering of water due to temperature-induced density
differences. Thermal stratification may assumeé many patterns, depending upon
the geographical location, climatological conditions, depth, surface area, and
configuration of the lake or reservoir. During the winter, many deep reservoirs
in the temperate zone are characteristically isothermal, that is, the water has
a uniform temperature and density and circulates freely. With the onset of
spring, solar heating warms the incoming water and the water at the reservoir
surface and causes a decrease in density. This warm surface water overlies the
colder, more dense water. As the surface becomes progressively warmer, the
density gradient steepens and the depth to which the wind can mix the water is
diminished. Thus, water in the reservoir during spring and summer often is
separated into three fairly distinct strata: (1) The epilimnion, a warm, freely
circulating surface stratum, (2) the metalimnion, a middle stratum character-
jzed by a rapid decrease in temperature, and (3) the hypolimnion, a cold, stag-
nant lower stratum.

Thermal stratification in deep reservoirs usually persists until fall,
when a decrease 1in atmospheric temperature cools both the surface water in
the reservoir and inflow from streams. When the temperatures and densities of
the epilimnion and the metalimnion approach those of the hypolimnion, the
resistance to mixing is reduced, and wind action produces a complete mixing
or overturn of the water in the lake or resenvoir and isothermic conditions
return.

Major Dissolved Constituents
Variations in Dissolved-Solids Composition
and Concentration

The dissolved-solids concentration of most |waters is predominantly silica,
calcium, magnesium, sodium, potassium, carbonate, bicarbonate, chloride, and
sulfate. Dissolved-solids concentrations are used widely in evaluating water
quality and comparing waters. The variation in/composition of dissolved solids
in the Colorado River basin is demonstrated in figure 4 with pie diagrams that
represent the relative magnitude, in percent, of the major ions at each sta-
tion. The composition of dissolved constituents is predominantly sodium and
chloride in the upper basin, which reflects the influence of saline ground
water. The terrain and influence of ground water gradually shift throughout
the basin to produce a calcium and bicarbonate water type in the streams in
the lower basin.

-14-
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The concentration of dissolved constituents in the Colorado River basin
also varies from the upper reach to the lower reach. Figure 5 shows the varia-
tions in dissolved-solids concentrations, the calculated sum of dissolved
potassium, calcium, magnesium, sodium, alkalinity (as CaCO3), fluoride, sulfate,
chloride, and silica. The mean concentration in the upper basin is as large as
10,540 mg/L (milligrams per liter) and gradually decreases throughout the basin
to a mean concentration of approximately 300 mg/L in the lower basin. The
large concentration in the upper basin can be attributed to the inflow of the
more mineralized ground water to a low discharge area. The inflow of ground
water does not contribute a significant amount of the total streamflow (fig. 3),
but dominates the chemical composition of the water. As streamflow increases
in the mainstem Colorado River from the discharge of less mineralized tribu-
taries, the concentration of dissolved solids is diluted. Figure 6 shows the
mean concentration of the five major jons at stations on the mainstem Colorado
River. As shown in figure 4, sodium and chloride are the dominant dissolved
ions in the upper basin. The concentration of all ions except bicarbonate
decrease downstream. Bicarbonate concentration remains about the same but
becomes the dominant ion in the lower basin.

Upper Colorado River basin

he upper Colorado River basin is
ned, the two ions constitute 60-

The composition of dissolved solids in t
predominantly sodium and chloride ions. Combi
80 percent of the dissolved constituents in the mainstem Colorado River (table
6). In the High Plains region of the basin, the Colorado River basin is greatly
influenced by inflow of more mineralized gr$znd water and dilution by less
mineralized tributaries. Low flow contains a higher percentage of sodium and
chloride ions than high flow due to the greatér influence of ground water dur-
ing Tow flow (fig. 7). |

Sulfate and calcium ions constitute anywhere from 10 to 25 percent of the
dissolved constituents in the Colorado River in this section of the basin, mag-
nesium ions constitute 3 to 10 percent, and bicarbonate ions generally account
for less than 5 percent. Calcium, magnesium, sulfate, and bicarbonate are more
predominant in many of the tributaries and reservoirs in the upper portion of
the basin and generally are more predominant during periods of high flow (fig.
7). Tributary inflow and release of water friom reservoirs on the tributaries
account for much of the gradual decrease in the composition of sodium and
chloride noted between the Colorado River at Ira station (08119500) and Colo-
rado River above Silver station (08123850).

Concentrations of dissolved solids in the mainstem of the Colorado River
upstream from Silver ranged from 113 to 34,800 mg/L (table 5). The U.S. Envi-
ronmental Protection Agency (EPA, 1977a) has set secondary drinking water reg-
ulations of 500 mg/L for dissolved solids (table 7). Concentrations of dis-
solved solids at each station in the mainstem of the upper Colorado River
exceeded that level approximately 95 percent of the time. Chloride and sul-
fate also exceeded the EPA secondary drinking-water regulations of 250 mg/L
approximately 95 percent of the time at the same stations. The statistics
from table 5 show that the concentration of dissolved solids at the Colorado

River near Ira station (08119500) can be cla
50 percent of the time. The rest of the stat
fall into the slightly to moderately saline ca

-16-

ssified as very saline (table 8)
ions in the upper basin generally
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[Cl: Chloride; No=Sodium; Mg=Magnesium;Co= Colcium; SO, = Sulfate,
HCO = BICARBONATE ; C FS= Cubic feet per second ]
UPPER COLORADO RIVER BASIN-COLORADO RIVER AT COLORADO CITY (08121000)

HCO
1.6 %

Ca
5.5% Na
39.6%
Mg
4.6%
FIOW<25TH PERCENTILE 25 TH<FLOW< 75 TH FLOW> 75 TH PERCENTILE
(<0.21 CFS) PERCENTILE (>11.25 CFS)

{0.21-11.25 CFS )
MIDDLE COLORADO RIVER BASIN-COLORADO RIVER NEAR STACY (08136700)

HCO HCO
5.9%

FIOW<25TH PERCENTILE 25TH<FLOW< 75 TH FLOW> 75 TH PERCENTILE
(<50.00CFS) PERCENTILE (>183.50 CFS)
(50.00 -183.50CFS)

LOWER COLORADO RIVER BASIN-COLORADO RIVER AT WHARTON (08162000)

HCO HCO
so 3.8% S04 30.9% SO
4 4
o cl 7.2% Cl %
6.8% 4% 1.8%
Na Na
e a 12.9% AT 12.4%
Mg ' Mg
I1.6% 12.9%
FLOW< 25T H PERCENTILE 25TH<FLOW < 75 TH FLOW>75 TH PERCENTILE
(<952.00 CFS) PERCENTILE (>3295.00CFS)

(952.00-3295.00 CFS)

Figure 7.-Composition of dissolved solids for high, average and low flow at
selected stations in the Colorado River basin
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Table 6.--Relative magnitudes of major ion

5 for selected stations in

the Colorado River basin _for the 1

/3-82 water years

Station Percent  Percent Percent Percent  Percent Percent
number Station name sodium _calcium magnesium chloride sulfate bicarbonate
08118000 Lake J. B. Thomas near Vincent 27.4 16.3 6.4 10.7 10.8 28.4
08118500 Bull Creek near Ira 30.2 11.9 7.9 47.1 9.4 3.5
08119000 Bluff Creek near Ira 21.1 18.5 | 10.5 20.0 23.1 6.8
08119500 Colorado River near Ira 42.5 4.4 3.0 42.6 6.7 0.8
08120500 Deep Creek near Dunn 26.6 16.8 6.9 17.5 13.6 18.6
08120700 mlorqdo River near Cuthbert 33.4 9.7 6.8 32.0 13.5 4.6
08121000 Colorado River at Colorado City 39.8 5.5 : 4.5 38.3 10.3 1.6
08123000 Lake Colorado City near 26.5 1.4 ' 11.8 19.9 24.1 6.3
Colorado City
08123600 Champion Creek Reservoir near 15.5 19.6 15.1 10.2 26.2 13.4
Colorado City
08123800 Beals Creek near Westbrook 30.3 7.1 12.6 33.5 14.8 1.7
08123850 Colorado River above Silver 29.7 9.9 10.4 31.2 16.9 1.9
08125500 Oak Creek Reservoir near 14.8 19.5 15.6 14.5 23.4 12.2
Blackwell
08126500 Colorado River at Ballinger 17.6 19.1 13.4 19.2 24.2 6.5
08127000 Elm Creek at Ballinger 21.6 13.1 15.6 28.4 13.6 7.7
08131200 Twin Buttes Reservoir near 19.1 17.4 13.4 19.4 7.7 23.0
San Angelo
08132000 Lake Nasworth