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METRIC CONVERSIONS

Factors for converting inch-pound units to metric (International System)
units are given in the following table:

Multiply inch-pound unit By To obtain metric units
acre 0.4047 hectare
acre-foot (acre-ft) 0.001233 cubic hectometer
cubic foot per second (ft®/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in) 25.4 millimeter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Temperature data in this report are in degrees Celsius (°C) and may be
converted to degrees Fahrenheit (°F) by the following formula:

°F = 1.8 (°C) + 32.
Sea level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general

adjustment of the first-order level nets of both the United States and Canada,
formerly called "Sea Level Datum of 1929."
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WATER QUALITY OF LAKE AUSTIN AND
TOWN LAKE, AUSTIN, TEXAS

By

Freeman L. Andrews, Frank C. Wells,
Wanda J. Shelby, and Emma M. McPherson

ABSTRACT

Lake Austin and Town Lake are located on the Colorado River in Travis
County, central Texas, and serve as a source of water for municipal and
industrial water supplies, electrical-power generation, and recreation for
more than 500,000 people in the Austin metropolitan area. Lake Austin,
located immediately downstream of Lake Travis, extends for more than 20 miles
into the western edge of the city of Austin. Town Lake extends through the
downtown area of the city of Austin for nearly 6 miles where the Colorado
River is impounded by Longhorn Dam.

Many of the detrimental effects of impoundment of water in a lake or res-
ervoir are related to thermal stratification, which generally does not occur
in Lake Austin or in Town Lake. The largest detected difference in vertical
temperature was 6.5 degrees Celsius in Lake Austin and 3.5 degrees Celsius in
Town Lake. The small vertical temperature variations in both lakes can be
attributed to shallow depths in the lakes and to the short retention times of
water in the lakes during the summer months.

Large vertical dissolved-oxygen gradients were not detected in Lake
Austin and Town Lake. Average dissolved-oxygen concentrations for Lake Austin
at site Ac, a deep site (about 50 feet) at the dam, differ by about 2.5
milligrams per liter from surface to bottom during the summer. At site Ac on
Town Lake, average dissolved-oxygen concentrations differ by about 1 milligram
per liter from surface to bottom. The largest areal variations in dissolved
oxygen generally occur in Lake Austin during the summer. Water released to
Lake Austin during the summer is from below the thermocline in Lake Travis,
and consequently, dissolved-oxygen concentrations generally are small. For
example, in August 1984, dissolved-oxygen concentrations in Lake Austin
increased from 2.8 milligrams per liter in the headwaters to slightly greater
than 7.0 milligrams per 1liter approximately 14 miles downstream. This
increase in dissolved oxygen was caused by reaeration from the atmosphere and
from photosynthetic production of oxygen by aquatic plants.

Dissolved trace-element data collected from Lake Austin and Town Lake
indicate that with the exception of iron, manganese, and mercury, none of the
dissolved trace elements analyzed for exceeded either the primary maximum
contaminant level or secondary maximum contaminant Jlevel set by the U.S.
Environmental Protection Agency. Average concentrations of dissolved iron and
dissolved manganese in water collected near the bottom of Lake Austin did not
exceed 40 and 50 micrograms per liter, respectively.

Little seasonal or areal variation was noted in nitrogen concentrations
in Lake Austin or Town Lake. Organic nitrogen is the predominant nitrogen
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species 1in both 1lakes. Stormwater runoff had 1ittle effect on nitrogen
concentrations in Lake Austin. Nitrogen concentrations in Town Lake were
slightly larger following periods of runoff. Total nitrogen concentrations in
Town Lake following periods of runoff often exceed 1.0 milligram per liter.

Total phosphorus concentrations are small in Lake Austin and Town Lake.
About 95 percent of the total phosphorus concentrations measured in Lake
Austin and about 81 percent of the total phosphorus concentrations measured in
Town Lake were 1less than 0.03 milligram per 1liter. Total phosphorus
concentrations are largest in Town Lake following periods of runoff.

Dissolved-solids concentrations ranged from 240 to 340 milligrams per
liter in Lake Austin and from 170 to 360 milligrams per liter in Town Lake.
The smallest concentrations of dissolved solids 1in Town Lake occurred
following periods of runoff. During periods of no runoff, dissolved-solids
concentrations in Town Lake ranged from 240 to 360 milligrams per liter, which
was very similar to the range in Lake Austin.

Densities of fecal-coliform bacteria in Lake Austin ranged from less than
1 to 600 colonies per 100 milliliters, and densities of fecal-streptococci
bacteria ranged from less than 1 to 340 colonies per 100 milliliters. Densi-
ties of fecal-coliform bacteria in Town Lake ranged from 4 to 14,000 colonies
per 100 milliliters, and densities of fecal-streptococci bacteria ranged from
less than 1 to 15,000 colonies per 100 milliliters. The largest densities of
both bacteria in Town Lake occurred following runoff.

Little or no effect of stormwater runoff on temperature, dissolved
oxygen, or trace elements was detected in either Lake Austin or Town Lake.
Increased concentrations of total nitrogen and phosphorus were detected in
Town Lake, but not in Lake Austin following runoff. A decrease in
concentrations of dissolved solids and major ions occurred in Town Lake, but
not in Lake Austin, following runoff. Densities of fecal-coliform and fecal-
streptococci bacteria were larger 1in Lake Austin and Town Lake following
runoff, but significantly larger increases were noted in Town Lake.

Water-quality data collected from Lake Austin and Town Lake, following
runoff, generally were not adequate to fully determine the effects of runoff
on the 1lakes. Data collection should not to be limited to fixed-station
sampling following runoff, and both lakes need to be sampled simultaneously as
soon as possible following significant precipitation.



INTRODUCTION

Since October 1961, the U.S. Geological Survey periodically has conducted
comprehensive water-quality surveys of selected lakes and reservoirs in Texas
as part of a continuing cooperative program with State, Federal, and local
agencies to inventory the surface-water resources of the State. During the
1975 and 1978 water years, the program was expanded, in cooperation with the
city of Austin, to include Lake Austin and Town Lake, respectively. Lake
Austin and Town Lake are impoundments on the Colorado River in Austin, Texas,
and both lakes serve as municipal and industrial water supplies as well as
recreational facilities for more than one-half million people located in the
Austin metropolitan area.

Purpose and Scope

One to four comprehensive water-quality surveys per year were conducted
on each of the lakes. Data collected during each lake survey included in-situ
measurements of specific conductance and dissolved oxygen; and water samples
were collected and analyzed for major dissolved chemical constituents, total
nutrients, dissolved iron and manganese, selected dissolved trace elements,
and selected indicator bacteria. The purpose of this report is to describe
and explain the seasonal, areal, and temporal variations in the water quality
of Lake Austin (1978-84) and Town Lake (1975-84); similarities and differences
in these variations between the two lakes; and to evaluate the impact of
surface-water runoff on the water quality of the lakes.

Water-quality data have been collected on many small tributaries 1in the
Colorado River basin in the Austin area as part of an Austin urban-hydrology
program. Much of the data were storm-event related and were analyzed for
presentation 1in a separate report; therefore, they were not included in this
study.

Location, Physiography, and Drainage

Lake Austin and Town Lake, Tlocated on the Colorado River in Travis
County, Texas, are the two most downstream of seven reservoirs. The
reservoirs impounded along a 150 mi reach of the Colorado River since 1932
form the highland lakes of Central Texas (fig. 1). The storage capacity and
surface area of each of the lakes are given in table 1. The six most upstream
lakes are owned and operated by the Lower Colorado River Authority (LCRA) for
the purpose of flood control, municipal and industrial water supply,
electrical-power generation, and recreation. Town Lake is owned and operated
by the city of Austin and is wused for water supply, electrical-power
generation, and recreation.

Lake Austin is located immediately downstream of Lake Travis and extends
for more than 20 mi into the western edge of the city of Austin, where the
Colorado River is impounded by Tom Miller Dam (fig. 2). Most of the 91 mi?
watershed of Lake Austin 1is located west of the Balcones fault zone, which
separates the Gulf Coastal Plain from the Edwards Plateau. The upthrown side
of the fault zone is Tocated to the west of the fault, making the topography
in the Lake Austin watershed relatively rugged. Altitudes in the Lake Austin

-3-
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Table 1.--Capacity data and water use for the highland lakes

[WS, water supply; EP, electrical-power generation;
R, recreation; FC, flood control]

Top of conser-  Storage capacity Surface area of

Lake 1/ vation storage at top of conser- top of conser- Use of
(feet above vation storage vation storage lake
sea level) (acre-feet) (acres)

Inks Lake 888.5 17,540 803 WS,EP,R

Lake Austin 492.8 21,000 1,830 WS,EP,R

Lake Buchanan 1,020 992,000 23,060 WS,EP,R

Lake Lyndon B.

Johnson 825.0 138,500 6,375 EP,R
Lake Travis 681.1 1,172,000 18,930 WS,EP,R,FC
Marble Falls 738.0 8,760 780 EP,R

Lake
Town Lake 428.0 3,520 500 WS,EP,R

1/ See figure 1 for location.



basin range from about 500 ft above sea level near the lake to slightly over
1,000 ft above sea level. Soils in the watershed are relatively thin and are
underlain by layers of hard limestone and dolomite.

The principal tributary in the Lake Austin watershed is Bull Creek, which
drains an area of approximately 31 mi? north of Lake Austin and enters the
lake approximately 4 mi upstream from Tom Miller Dam (fig. 2). Much of the
Bull Creek watershed is not yet urbanized, although the eastern half of the
watershed 1is undergoing rapid development. In 1984, the city of Austin esti-
mated that approximately 12 percent of the Bull Creek watershed consisted of
impervious cover (City of Austin, 1984). Several additional small trib-
utaries drain into Lake Austin. Although no land-use data are available for
these drainages, the city of Austin estimates that impervious cover in the
Lake Austin watershed outside of the Bull Creek drainage also is approximately
12 percent (City of Austin, 1984).

Town Lake is located immediately downstream of Lake Austin and extends
through the downtown area of the city of Austin for nearly 6 mi, where it is
impounded by Longhorn Dam (fig. 2). With the exception of the Barton Creek
drainage, most of the Town Lake watershed lies east of the Balcones fault zone
(a structural feature in the western part of the study area), where the
topography is less rugged than that west of the fault. Altitudes in Town Lake
basin range from about 430 ft above sea level near the lake, to about 800 ft
above sea 1level in the northern part of the basin east of the Balcones fault
zone. The surface geology of the urbanized Austin area east of the Balcones
fault zone is heterogeneous and consists of hard, soft, and mixed limestone,
clay, and alluvium and terrace sands and gravels.

Barton Creek, the 1largest tributary to Town Lake, drains an area of
approximately 120 mi? west of Austin and enters the south side of Town Lake
approximately 3 mi upstream from Longhorn Dam (fig. 2). Part of Barton Creek
is located in the recharge zone of the Edwards aquifer in the Cretaceous
Edwards Limestone and, except during storm runoff, most of the water in Barton
Creek infiltrates into the aquifer. Surface water recharged to the aquifer
from several creeks south of Town Lake discharge as springflow from the
Edwards aquifer at Barton Springs, which is located in Barton Creek about 0.75
mi upstream from Town Lake. Consequently, water entering Town Lake from
Barton Creek is springflow except during storm runoff when the spring water is
mixed with surface water. Much of the Barton Creek watershed is currently
(1987) undeveloped, but parts of the watershed are undergoing rapid develop-
ment. The city of Austin has estimated that approximately 8 percent of the
watershed is classified as impervious cover (City of Austin, 1984).

Shoal Creek and Waller Creek discharge to Town Lake and drain areas of
approximately 13 and 4.1 mi?, respectively, in a highly urbanized area of
Austin. Both watersheds are almost fully developed and each of the watersheds
has an impervious cover of approximately 47 percent.

Climate
The climate of Austin is humid subtropical with hot summers. Winters are

mild with below-freezing temperatures occurring on an average of less than 25
days each year. Rather strong northerly winds, accompanied by sharp drops in
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temperature, occur occasionally during the winter months in connection with
cold fronts, but cold periods are usually of short duration. Daytime temper-
atures in summer are generally about 95 °F, but summer nights are usually
pleasant with average daily minimums in the low seventies.

According to long-term precipitation records (1900-76) collected by the
National Weather Service at the Austin Municipal Airport, the annual mean pre-
cipitation at this station is about 33.5 in. These records indicate that pre-
cipitation is fairly evenly distributed throughout the year, with the most
intense precipitation generally occurring in the late spring (fig. 3). A
secondary precipitation peak generally occurs in September. Precipitation
from April through September usually results from thundershowers, with a
fairly large quantity falling within short periods of time. Although thunder-
storms and heavy rains occur in all months of the year, most of the winter
precipitation occurs as light rain. Several periods of intense precipitation
occurred during the study period (fig. 4). During May and June of 1981,
nearly 24 in of precipitation were recorded at the airport.

Population

Population growth in Austin and in Travis County has been large in recent
years (fig. 5). The population of the city of Austin, according to the 1980
census, was 345,496--an increase of about 37.2 percent since 1970. The popu-
lation of Travis County in 1980 was 419,573--an increase of 47 percent since
1970. The 1980 census data indicate that Austin and Travis County are the
sixth most populated city and county in Texas. A reliable source of water for
agricultural use, industrial use, and municipal supply is needed to support
this growth and the anticipated future development.

Hydrology

Both Lake Austin and Town Lake are relatively constant-level reservoirs
built for municipal and industrial water supply, electrical-power generation,
and recreation. Discharges through Lake Austin and Town Lake are controlled
largely by releases from Lake Travis through Mansfield Dam. The LCRA controls
releases at this location and at Tom Miller Dam, which impounds water in Lake
Austin. Longhorn Dam, which impounds water in Town Lake and is controlled by
the city of Austin, has automatic gates which open at 0.5 ft above normal pool
elevation.

Releases from Mansfield Dam (Lake Austin) and discharges at the Colorado
River at Austin gage (located about 1.5 mi downstream from Longhorn Dam)
closely parallel one another (fig. 6). The largest releases generally occur
in May and June. From March 15 to October 15, releases are made periodically
on the basis of downstream water requirements, which are primarily demands for
irrigation.

Major tributary inflows into Lake Austin and Town Lake also are shown in
figure 6. Springflow from Barton Springs into Barton Creek provides the
largest constant inflow into Town Lake. During and following runoff, signifi-
cant contributions of inflow also occur from the major tributaries. Much of
the inflow from runoff occurs during April, May, June, September, and October.

-8-
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POPULATION, IN THOUSANDS
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Figure 5-—Population growth in Austin and Travis County, Texas, 1950-80.
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Figure 6.—— Average monthly discharge for selected streamflow—gaging stations

in the Lake Austin and Town Lake drainage basins.
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Because of the relatively large releases from Lake Travis and the
relatively small volumes of both Lake Austin and Town Lake, the average reten-
tion time of water in the lakes is short (fig. 7). Based on average monthly
releases from Mansfield Dam, the average retention time in Lake Austin varies
from slightly more than 20 days in December and January to Tess than 5 days in
May and June. Similarly, based on average monthly discharge records at the
gaging station Colorado River at Austin, which is about 1.5 mi downstream from
Longhorn Dam, the retention time of water in Town Lake ranges from approx-
imately 2.5 to 3 days in December and January to approximately 0.5 day in May
and June. These retention times did not include storm runoff, which flows
directly into the two lakes. During large storms, the retention times of the
lakes can be reduced significantly. Because of the small retention time in
both lakes, environmental conditions in the 1lakes more closely resemble a
lotic) environment (flowing water) rather than a lenthic environment (standing
water).

METHODS OF ANALYSIS

During the study period, 17 water-quality surveys were conducted on Lake
Austin and 32 surveys were conducted on Town Lake. The surveys are continuing
on the lakes, however the data collected after 1984 were not considered in
this report. Many of the surveys coincided with either winter, spring, or
summer seasons, although a few surveys were conducted 1immediately after
storms. Sampling sites in each 1lake are located within five traverses (A
through E, fig. 2). Sites at the deepest point within the traverse are desig-
nated "C" for the drowned river channels. Sites to the left and right of the
drowned river channels are designated "L" and "R", respectively, as determined
when oriented downstream. These data are summarized in tables 11-59 of this
report (Supplemental Information).

Classification of Water-Quality Surveys

For purposes of this report, outflow data from Lake Travis and Lake
Austin were obtained from the LCRA for each survey date and for 2 days prior
to each survey. These data, along with available precipitation data and
estimates of storm runoff, were used to classify each survey as: (1) No
release/little runoff; (2) large release/little runoff; or (3) runoff condi-
tions (tables 2 and 3). Some surveys clearly did not fall into any of these
classifications and were not classified.

Statistical Methods

Statistical procedures in this study were performed using the Statistical

Analysis System (SAS)l/developed by the SAS Institute of Cary, North Carolina,
(SAS Institute, Inc., 1982). The SAS computer system has been interfaced with
the Geological Survey's National Water Data Storage and Retrieval System

1/ The use of trade names in this report is for identification only and does
not constitute endorsement by the U.S. Geological Survey.
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Table 2.--Classification of surveys for Lake Austin

[NN, no release/little rugoff; LN, large release/little runoff;
/s, cubic feet per second]

RO, runoff; ft

CTassi- SampTe ReTeases Local Total ReTeases as Runoff as
Sample fica- date and to lake  runoff inflow percentage percentage
date tion previous (ft3/s) to Lake to Lake of total of tota
2 days (ft°/s) (ft°/s) inflow inflow
10/17/78 NN 15 0 0.90 0.90 0 100
16 218 .90 219 99.6 .4
17 0 .86 .86 0 100
02/07/79 RO 5 0 119 119 0 100
6 0 241 241 0 100
7 0 159 159 0 100
05/30/79 LN 28 1,532 27 1,559 98 2
29 1,770 26 1,796 98.6 1.4
30 1,513 35 1,548 98 2
08/21/79 LN 19 1,966 3.3 1,969 99.8 .2
20 2,047 3.3 2,050 99.8 2
21 2,017 3.1 2,020 99.8 .2
03/05/80 NN 3 372 18 390 95 5
4 0 20 20 0 100
5 0 18 18 0 100
05/20/80 NN 18 0 209 209 0 100
19 197 196 393 50 50
20 137 164 301 45 55
07/30/80 LN 28 1,588 .86 1,588 99.95 .05
29 1,768 .65 1,769 99.97 .03
30 1,553 .65 1,554 99.96 .04
03/02/81 NN 28 0 17 17 0 100
1 0 26 26 0 100
2 0 22 22 0 100
07/28/81 LN 26 1,822 15 1,837 99 1
27 1,804 19 1,823 99 1
28 1,716 19 1,735 99 1
02/16/82 LN 14 255 14 269 95 5
15 235 14 249 94 6
16 1,286 14 1,300 99 1
08/19/82 LN 17 2,318 .5 2,318 100 0
18 2,456 .5 2,456 100 0
19 2,617 .5 2,618 100 0
01/06/83 NN 4 0 24 24 0 100
5 0 23 23 0 100
6 0 21 21 0 100
08/29/83 LN 27 1,482 8.2 1,490 99 1
28 1,888 8.2 1,896 99.6 .04
29 1,659 7.4 1,664 99.7 .03
03/06/84 NN 4 0 27 27 0 100
5 111 53 164 68 32
6 79 22 101 78 22
08/17/84 LN 15 1,326 .45 1,326 99.96 .04
16 1,503 .24 1,503 99.98 .02
17 1,404 .24 1,404 99.98 .02
10/10/84 RO 8 1,076 6.9 1,083 99 1
9 0 123 123 0 100
10 0 491 491 0 100
10/24/84 RO 22 0 614 614 0 100
23 0 491 491 0 100
24 0 491 491 0 100
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Table 3.--Classification of surveys for Town Lake

[NN, no release/little runoff; LN, large release/1ittle runoff; RO, runoff; ft3/s, cubic feet per second]

SampTe LocaT Barton Total ReTeases Runoff Barton
Sample Classi- date and Releases runoff  Springs inflow as as per-  Springs flow
date fica- previous toslake to Lake flow to to gake percentage centage as percent

tion 2 days (ft~/s) (ft7/s) lake (ft~/s) of total of total of total

(ft7/s) inflow inflow inflow
02/03/75 1 2,322 321 96 2,739 85 12 3
2 2,249 1,356 96 3,701 61 37 2
3 4,724 1,046 96 5,866 80 18 2
06/12/75 LN 10 7,306 89 106 7,501 97 1 2
11 6,285 81 108 6,474 97 1 2
12 5,837 66 110 6,013 97 1 2
08/12/75 10 1,006 43 113 1,162 86 4 10
11 1,010 38 113 1,161 87 3 10
12 1,013 39 113 1,165 87 3 10
01/06/76 NN 4 0 17 67 84 0 20 80
5 0 19 67 86 0 22 78
6 0 23 67 90 0 26 74
04/20/76 RO 18 1,791 4,688 63 6,542 27 72 1
19 0 139 64 203 0 68 32
20 636 852 65 1,553 41 55 4
09/01/76 30 1,896 70 90 2,056 92 3 5
31 1,896 19 90 2,005 95 1 4
1 1,895 17 90 2,002 95 1 4
09/02/76 31 1,896 19 90 2,005 95 1 4
1 1,895 17 90 2,002 95 1 4
2 1,899 930 90 2,919 65 32 3
12/28/76 26 0 26 98 124 0 21 79
27 324 26 98 448 72 6 22
28 248 27 98 373 67 7 26
04/26/77 LN 24 10,185 303 107 10,595 96 3 1
25 5,140 262 107 5,509 93 5 2
26 5,550 224 107 5,881 94 4 2
08/23/77 LN 21 1,804 0 87 1,891 95 0 5
22 1,806 0 87 1,893 95 0 5
23 1,798 0 87 1,885 95 0 5
12/29/77 LN 27 206 .44 45 251 82 0 18
28 124 1.6 45 171 73 1 26
29 0 2.3 45 47 0 5 95
04/10/78 8 1,599 .25 31 1,630 98 0 2
9 1,600 W31 31 1,631 98 0 2
10 1,033 358 31 1,422 73 25 2
07/18/78 LN 16 1,007 0 20 1,027 98 0 2
17 1,005 0 20 1,025 98 0 2
18 998 0 20 1,018 98 0 2
10/16/78 NN 14 0 .25 25 25 0 1 99
15 0 .19 25 25 0 1 99
16 0 .25 24 24 0 1 99
02/07/79 5 304 189 74 567 54 33 13
6 0 422 84 506 0 83 17
7 314 266 85 665 47 40 13
05/29/79 27 998 110 106 1,214 82 9 9
28 1,496 112 106 1,714 87 7 6
29 1,501 98 106 1,705 88 6 6
08/22/79 LN 20 1,818 .69 93 1,912 95 0 5
21 1,818 .44 92 1,910 95 0 5
22 1,818 .50 92 1,910 95 0 5
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Table 3.--Classification of surveys for Town Lake--Continued

SampTe TocaT Barton TotaT ReT eases Runoft Barton
Sample Classi- date and Releases runoff Springs mﬂow as per- Springs flow
date fica- previous to 1ake L flow to L percenta%e centage as percent

tion 2 days (ft /s) (ft /s) lake (ft /s) of tota of total of total

(ft7/s) inflow inflow inflow
07/27/79 RO 25 700 .69 95 796 88 0 12
26 0 .29 94 123 0 24 76
27 400 432 96 928 43 47 10
03/03/80 1 0 .94 36 37 0 3 97
2 0 .38 36 36 0 1 99
3 573 .44 36 609 94 0 6
03/28/80 26 601 .75 34 636 95 0 5
27 83 721 34 838 10 86 4
28 599 76 36 711 84 11 5
05/19/80 17 251 268 73 592 42 46 12
18 0 210 74 284 0 74 26
19 634 196 75 905 70 22 8
07/31/80 LN 29 1,458 .25 51 1,509 97 0 3
30 1,453 .19 51 1,504 97 0 3
31 1,554 .13 51 1,605 97 0 3
03/04/81 RO 2 0 20 55 75 0 27 73
3 1,685 433 55 2,173 77 20 3
4 3,360 598 59 4,017 84 15 2
04/27/81 LN 25 1,787 10 62 1,859 96 1 3
26 1,787 7.8 62 1,857 96 1 3
27 1,804 6.7 61 1,872 96 1 3
05/26/81 RO 24 8,135 5,301 53 13,489 60 39 1
25 1,139 4,106 55 5,300 22 77 1
26 1,903 223 57 2,183 87 10 3
02/17/82 15 161 .25 53 214 75 0 25
16 562 .31 53 615 91 0 9
17 451 .31 53 504 89 0 11
08/20/82 IN 18 2,157 .25 43 2,200 98 0 2
19 2,214 .25 43 2,257 98 0 2
20 2,198 .25 43 2,241 98 0 2
01/06/83 NN 4 0 2.3 45 47 0 5 95
5 0 2.3 45 47 0 5 95
6 0 2.0 45 47 0 4 96
08/30/83 IN 28 1,496 5 68 1,565 96 0 4
29 1,496 .94 67 1,564 96 0 4
30 1,496 1.3 67 1,564 96 0 4
03/07/84 NN 5 0 6.3 34 40 0 16 84
6 0 3.4 34 37 0 9 91
7 0 3.4 34 37 0 9 91
08/20/84 N 18 1,121 1.0 26 1,148 98 0 2
19 1,120 .50 26 1,146 98 0 2
20 1,113 .38 26 1,139 98 0 2
10/11/84 RO 9 279 .63 30 310 90 0 10
10 455 236 32 723 63 33 4
11 455 633 34 1,122 41 56 3
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(WATSTORE).  The SAS computer system provides data-management functions such
as sorting, merging, copying, and condensing sets of data.

Some of the nutrient and much of the trace-element data are reported by
the laboratory and stored in the Geological Survey's WATSTORE files as "less
than" (<) values or as not detected (ND). The "less than" values indicate
that the constituent concentration at the time of analysis was less than the
lower 1imit of detection for that particular constituent using prescribed
analytical methodology. The "ND" wvalues indicate that a Tlower 1limit of
detection for that constituent had not been established at the time of
analysis, and the constituent could not be "detected" using the prescribed
analytical methodology.

Computer programs using the Statistical Analysis System performed statis-
tical calculations and regression analysis to determine volume-weighted-
average concentrations of selected water-quality constituents in 1lakes and
reservoirs (Wells and Schertz, 1984). This procedure was used to determine
volume-weighted-average concentrations of dissolved solids and nutrients.

WATER QUALITY

Thermal Stratification

Some of the factors controlling the quality of water in a lake or
reservoir include the quantity and quality of inflow, the circulation pattern
of the 1lake, the chemical reactions of the water with the bed material, pre-
cipitation, and evaporation. Impoundment of water in a lake or reservoir may
result in beneficial, as well as detrimental, changes in the quality of the
water. Many of the detrimental effects of impoundment can be attributed to
layering of the water or thermal stratification due to temperature-induced
density differences. The density of pure water is greatest at a temperature
of about 4 °C, and the difference in density per 1 °C is greater at warmer
temperatures than at cooler temperatures as shown in the following table
(Weast, 1975, p. F-5):

Temperature Density
(degrees (grams per
Celsius) milliliter)
0.0 0.999868
4.0 1.000000
5.0 0.999992
10.0 0.999728
15.0 0.999129
20.0 0.998234
25.0 0.997075
30.0 0.995678
35.0 0.994063

Thermal stratification 1is common 1in 1lakes and reservoirs where the
density of the upper and lower strata of water differs by as little as 0.001
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to 0.002 gram per milliliter. Therefore, temperature differences of 3 to 4 °C
during the summer may result in stable stratification.

Thermal stratification may occur in many patterns, depending upon the
geographical location, climatological conditions, depth, and surface area, as
well as the physical and chemical characteristics of the inflow waters.
During the winter, lakes and reservoirs in Texas generally are well mixed by
strong north winds, and the water is uniform in temperature (isothermal) and
density. With the onset of spring, solar heating warms the water at the 1lake
or reservoir surface, causing a decrease in density. This warm water at the
surface tends to float on the colder, more dense water, and the mixing action
of spring winds, usually the strongest of the year, are diminished. As water
near the surface becomes progressively warmer, the density gradient increases
and the depth to which wind can mix the water decreases. Typically, by late
summer the winds are weakest, density differences are greatest, and the
reservoir is separated into three fairly distinct strata:

(1) The epilimnion--a warm, freely circulating surface stratum;

(2) The metalimnion--a middle stratum characterized by a rapid decrease
in temperature with increase in depth; and

(3) The hypolimnion--a cold, stagnant lower stratum.

Thermal stratification in deep lakes or reservoirs usually persists until
fall, when a decrease in atmospheric temperature cools the water at the sur-
face in the reservoir and the inflow from streams. The temperatures and
densities of the epilimnion and metalimnion then approach those of the hypo-
limnion, and the resistance to mixing is decreased and complete mixing or
overturn of the water occurs.

Water-temperature data for Lake Austin at site Ac and Town Lake at site
Ac and air-temperature data collected by the National Weather Service at the
Austin Municipal Airport are shown in figure 8. These data indicate that
seasonal variations in water temperature in the two lakes closely parallel
seasonal variations in air temperature. The smallest differences in water
temperature between water near the surface and near the bottom at these two
locations generally occur during the winter and spring, and the Tlargest
differences generally occur during the summer (fig. 8). The largest observed
temperature variation between water near the surface and water near the bottom
at site Ac on Lake Austin during summer surveys was 6.5 °C. Temperature
variations between the water near the surface and water near the bottom on
Town Lake did not exceed 3.5 °C. The rather small variations in temperature
for the two lakes can be attributed to the rather shallow depths in both lakes
and the short retention time of water in the lakes during the summer months.
These factors were responsible for the observation that Lake Austin and Town
Lake did not form a true hypolimnion during the study period. The maximum
differences between surface and bottom temperatures were not as large as
differences observed in deep lakes in Central Texas such as Lake Belton
(Mendieta and Pate, 1982) where the differences may exceed 10 °C. The small
differences between surface and bottom temperatures on Town Lake compare
favorably with Lake Somerville (McPherson and Mendiata, 1983). Lake Somer-
ville, approximately 100 mi east of Austin, is a shallow lake similar to Lake
Austin and Town Lake. Vertical differences for typical summer surveys at site
Ac frequently were 1.5 °C or Tless.
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Figure 8.--Variations in monthly mean air temperature at Austin
and water temperature at selected sites for Lake
Austin and Town Lake,1975-84.
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In addition to the warming of water at the surface by solar heating,
thermal-density gradients in a lake also may occur because of differences in
water temperatures of the 1lake and of the inflow to the lake or reservoir.
Water incoming to stored water will flow into a layer where the density is
most similar to the incomming water density. The water density is governed by
the temperature and dissolved- and suspended-solids concentrations. The
movement of water to achieve density equilibrium is referred to as a density
current. Density currents may move water as an overflow on top of the water
in storage, as an underflow at the bottom of the lake, or as an interflow
plume at an intermediate depth (Wetzel, 1975).

Data collected during the period of record indicate that, at times, there
may have been some underflow patterns in Lake Austin, especially during the
warmer summer months. The releasing penstocks in Mansfield Dam are 50 to 60
ft above the bottom of the lake and 120 ft below the conservation-pool surface
level. These penstocks are below the thermocline of Lake Travis during the
summer, causing water to be drawn and released to Lake Austin from the hypo-
limnion where temperatures are much cooler than water at the surface. For
example, during the survey of August 29, 1983, the areal temperature profile
from data collected along the drowned river channel in Lake Austin indicated
that the cold water released from Mansfield Dam began to underflow the warmer
surface water approximately 10 river miles downstream from the dam (fig. 9).
At site Ec, immediately downstream from Mansfield Dam, water temperatures were
18.0 °C from surface to bottom. At site Dc, approximately 8 mi downstream
from Mansfield Dam, water temperatures were a uniform 19.5 °C from surface to
bottom. At site Cc, approximately 14 mi downstream from the dam, water
temperatures ranged from 26.5 °C at the surface to 20.5 °C at a depth of 10
ft, and remained at 20.5 °C to a depth of 28 ft near the bottom. This rather
sharp and shallow thermocline also existed farther downstream to Tom Miller
Dam. Water releases during August 27-29, 1983, totaled 9,975 acre-ft, which
would account for approximately 25 percent of the water in the lake, or a mean
retention time of approximately 4 days. The underflow theory is supported
during this survey, because if surface-water temperatures were warming at a
uniform rate, a 7.0 °C change in temperature would not exist in the 6-mi reach
between site Cc and site Dc. Also, typical thermoclines in lakes in Central
Texas wusually occur at depths of 30 to 50 ft below the surface (McPherson and
Mendieta, 1983; and Roddy and Waddell, 1982).

Dissolved Oxygen

Dissolved oxygen is required by fish and other aquatic organisms to
maintain the metabolic processes that produce energy for growth and repro-
duction. There is no specific dissolved-oxygen concentration that is
favorable to all species and ecosystems. However, small dissolved-oxygen
concentrations are unfavorable to almost all aquatic organisms. The U.S.
Environmental Protection Agency (1986a) has recommended 5.0 mg/L (milligrams
per liter) as a minimum concentration to maintain a healthy fish population.
Moreover, the concentration of some chemical constituents dissolved in water
are related to the concentration of dissolved oxygen; therefore, dissolved
oxygen 1is one of the most important factors that affect the quality of water
in a lake or reservoir.
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Figure 9.——Patterns of water temperature in Lake Austin, August 29,1983.
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The distribution of dissolved oxygen in a lake or reservoir is related to
thermal stratification. Much of the oxygen enters at the air-water interface
by absorption from the atmosphere. A significant quantity of oxygen also may
be produced as a by-product of photosynthesis. During winter circulation, the
water repeatedly is exposed to the atmosphere, and dissolved oxygen wused in
the decomposition of organic matter 1is replenished. In deep lakes during
spring and summer, thermal statification may cause a decrease in the vertical
circulation of the water. Oxygen utilized in the decomposition of organic
material is not replaced in the deep stratum of the lake, and a vertical
dissolved-oxygen gradient develops.

Dissolved-oxygen data for Lake Austin and Town Lake are presented in
figures 10-13 and 1in tables 11-59 (Supplemental Information). These data
indicate that dissolved-oxygen concentrations varied seasonally and areally.
Commonly, large dissolved-oxygen gradients occur in deep lakes in Texas during
the warm summer months. Because of the shallowness of Lake Austin and Town
Lake and the relatively short retention time of water in the lakes during the
summer, large dissolved-oxygen gradients were not detected. Most summer
surveys detected only a slight decline in oxygen concentration from surface to
bottom. For example, average dissolved-oxygen concentration for Lake Austin
at site Ac had about a 2.5 mg/L variation from surface to bottom during the
summer surveys (fig. 10). Average dissolved-oxygen concentrations for Town
Lake at site Ac varied about 1 mg/L from surface to bottom (fig. 11). Small
variations were noted in concentrations of dissolved oxygen from surface to
bottom in both lakes during the winter months. Vertical dissolved-oxygen and
temperature profiles for sites Ac in Lake Austin and Town Lake for the 1979
and 1980 surveys are shown in figures 12 and 13. These data indicate that the
smallest gradients occurred in the winter and the 1largest in spring and
summer.

Small areal variations were also noted in dissolved-oxygen concentrations
in Lake Austin and Town Lake. The largest areal variation occurred in Lake
Austin during the summer. Average surface-water dissolved-oxygen concentra-
tions increased from about 5.0 mg/L at site Ec to slightly more than 7 mg/L at
site Ac during the summer (fig. 10). This increase in dissolved oxygen as the
water moves through Lake Austin can be attributed to reaeration from the
atmosphere and to photosynthetic production of oxygen by aquatic plants.
Areal variation of average dissolved-oxygen concentrations in Town Lake was
less than 1.0 mg/L during the winter and summer.

Dissolved-oxygen concentrations in Lake Austin frequently are affected by
releases from Lake Travis, particulary during late spring and summer when the
release water 1is below the thermocline. Surface concentrations of dissolved
oxygen (fig. 10) increase in a downstream direction during the summer. For
example, water entering the lake at site Ec during August 1984 had a dissolved
oxygen concentration of 2.8 mg/L (table 25). Concentrations gradually
increased downstream until the maximum observed dissolved-oxygen concentration
of more than 7 mg/L was detected at site Bc.

Similar increases were noted in dissolved-oxygen concentrations in Town
Lake during periods of release from Lake Austin. For example, in August 1984
the dissolved-oxygen concentration at the surface at site Ec was 5.8 mg/L
(table 58). Concentrations of dissolved oxygen at the surface of Town Lake
gradually increased in a downstream direction, and the maximum concentration
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Figure 10.--Variations of average dissolved-oxygen concentrations
during summer and winter surveys of Lake Austin.
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measured was about 7.0 mg/L at the site near the dam. The increase in oxygen
in both lakes can be attributed to reaeration from the atmosphere and to
photosynthetic production of oxygen by aquatic vegetation.

Theoretically, dissolved-oxygen concentrations can change in response to
changes in quantity and quality of water entering the 1lakes from runoff.
Based on available precipitation, runoff, and release data, the survey of
October 24, 1984, was selected as indicative of runoff surveys for Lake Austin
and the survey of October 11, 1984, for Town Lake. The dissolved-oxygen con-
centration at site Ec on Lake Austin was 6.1 mg/L, decreased to 5.0 mg/L at
site Dc, and then increased from Dc to Ac. Most of the runoff into Lake
Austin flows in from Bull Creek near site Bc (fig. 2) and probably resulted in
this increase. Except for Tlarger values at site Ec, which probably were
caused by cooler temperatures and wind action, 1ittle difference was noted
between these surveys and others during the same season.

Dissolved-oxygen concentrations in Town Lake were about as expected
except at site Cc. The dissolved-oxygen concentration at site Cc was 6.5
mg/L, about 1.5 mg/L larger than seasonal averages. Inflows to Town Lake from
Shoal Creek may have caused this increase. As with Lake Austin, there was
little difference between this survey and others during the same season.

Dissolved Trace Elements

Trace elements include those elements, mostly cations, whose concentra-
tions wusually do not exceed 1 mg/L or 1,000 ug/L (micrograms per liter),
although in some exceptional waters one or more trace elements may be present
in comparatively large concentrations. For the purpose of this report, trace
elements include arsenic, barium, cadmium, chromium, copper, iron, lead,
manganese, mercury, selenium, silver, and zinc.

The occurrence of most of these trace elements in water is a matter of
concern to water users and planners alike because of the potentially harmful
effects of excessive concentrations on human and aquatic life. Large concen-
trations of trace elements in water may render it unsuitable as a public water
supply. Many trace elements also may be concentrated at successive steps in
the aquatic food chain, making fish and other aquatic 1ife undesirable for
human consumption.

Results of analyses for dissolved trace elements in water samples col-
lected from near the surface and near the bottom at sites Ac and Ec on Lake
Austin and Town Lake are presented in tables 11-59 (Supplemental Information)
and are summarized in the following tables:
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Lake Austin

(micrograms per liter)
Primary or secondary

Dissolved Minimum Max imum maximum contaminant level
constituent value value for public water systems
Arsenic (As) 1 2 50
Barium (Ba) 60 100 1,000
Cadmium (Cd) <1 <2 10
Chromium (Cr) 0 30 50
Copper (Cu) 0 7 1,000
Iron (Fe) 0 200 300
Lead (Pb) 0 17 50
Manganese (Mn) 0 110 50
Mercury (Hg) .0 3.6 2
Selenium (Se) 0 <1 10
Silver (Ag) 0 <1 50
Zinc (Zn) <3 30 5,000

Town Lake
(micrograms per liter)
Primary or secondary

Dissolved Minimum Maximum maximum contaminant level
constituent value value for public water systems
Arsenic (As) <1 2 50
Barium (Ba) 0 30 1,000
Cadmium (Ca) <1 2 10
Chromium (Cr) 0 30 50
Copper (Cu) 0 9 1,000
Iron (Fe) 0 250 300
Lead (Pb) 0 9 50
Manganese (Mn) 0 60 50
Mercury (Hg) .0 <.5 2
Selenium (Se) 0 <1 10
Silver (Aqg) 0 1 50
Zinc (In) <3 70 5,000

This summary

indicates that,

except for dissolved manganese in Lake

Austin and Town Lake and dissolved mercury in Lake Austin, none of the trace
elements exceeded either the primary maximum contaminant level or secondary
maximum contaminant level set by the U.S. Environmental Protection Agency for
public water systems (1986b,c). These large concentrations of manganese and
mercury were single occurrences and were not detected regularly.

The occurrence and distribution of dissolved iron and dissolved manganese
in lake water often are related inversely to the dissolved-oxygen concentra-
tions. During thermal stratification, the oxygen utilized in the decomposi-
tion of organic material is not replenished, and reducing conditions often
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result 1in the dissolution of large quantities of iron and manganese from
bottom sediments. During circulation, oxygen is replenished throughout the
depth of the lake, and dissolved iron and dissolved manganese are oxidized and
settle to the bottom of the lake.

During winter circulation, dissolved-oxygen concentrations are large, and
dissolved-iron and dissolved-manganese concentrations in water throughout Lake
Austin and Town Lake usually averaged less than 20 ug/L, as shown in figures
14 to 17. The concentration of both constituents in water near the surface of
Lake Austin and Town Lake averaged about 10 ug/L throughout the lakes.

The average summer concentrations of dissolved iron for Lake Austin in
the water near the surface ranged from 2.9 ug/L at site Ac to about 30 ug/L at
site Bc (fig. 14). The average summer concentrations of dissolved manganese
near the surface did not exceed 15 ug/L (fig. 15). In water near the bottom,
average dissolved-iron concentrations did not exceed 40 ug/L (fig. 14).
Average dissolved manganese in water near the bottom ranged from approximately
50 ug/L at site Ac to 15 ug/L at site Ec (fig. 15).

Summer surveys on Town Lake indicated that the mean concentrations of
dissolved iron in water near the surface ranged from 7.6 ug/L at site Ac to
about 5 ug/L at site Ec (fig. 16). The average concentrations of dissolved
manganese in water near the surface during these surveys did not exceed 6.0
ug/L (fig. 17). The mean concentrations of dissolved iron in water near the
bottom did not exceed 40 ug/L during summer surveys. The mean concentration
of dissolved manganese in water near the bottom ranged from approximately 18
ug/L at site Ac to 1 ug/L at site Ec during summer surveys.

At sites Ac near Tom Miller Dam on Lake Austin and Longhorn Dam on Town
Lake, the concentrations of dissolved iron near the bottom ranged from 0 to
200 ug/L (fig. 18) and from O to 250 ug/L (fig. 19), respectively. The con-
centrations of dissolved manganese ranged from 0 to 110 ug/L for Lake Austin
(fig. 18) and from 0 to 60 ug/L for Town Lake (fig. 19). There was no
apparent increase in concentrations of dissolved iron or dissolved manganese
at site AC on either lake during the period of record. As stated earlier,
small temperature differences, shallow depths, and short retention times
prevented typical stratification during the study period. Therefore, dis-
solved-iron and dissolved-manganese concentrations were relatively small
compared to deep lakes in central Texas like Lake Belton, where summer concen-
trations at the bottom reach 500 ug/L for both constituents (Mendieta and
Pate, 1982). Concentrations more closely resembled patterns detected in Lake
Somerville, a relatively shallow lake where bottom concentrations of dissolved
iron and dissolved manganese rarely exceeded 250 ug/L at site Ac (McPherson
and Mendieta, 1983).

Total Nutrients

Nitrogen and phosphorus are nutrients of primary interest because of
their ability to promote or 1imit growth of bacteria and aquatic vegetation.
The major species of nitrogen and phosphorus commonly are detected in all
water in small concentrations. Sources that may contribute nitrogen and
phosphorus to a reservoir include runoff from urban and agricultural areas,
sewage effluent, industrial wastes, precipitation, decomposing plant and
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animal debris, and bottom sediments. Total nitrogen and total phosphorus in
the inflow to a reservoir may consist of four major components--dissolved and
particulate inorganic forms and dissolved and particulate organic forms.

Nitrogen

Laboratory analyses of samples from Lake Austin and Town Lake included
organic nitrogen, ammonia nitrogen, and nitrite plus nitrate nitrogen, and
total nitrogen, which is the summation of the three nitrogen species 1listed
previously. Little variation was noted in average concentrations of total
nitrogen in Lake Austin from samples collected near the surface or near the
bottom during winter or summer (fig. 20). Little variation in average concen-
trations of total nitrogen is noted during the winter for samples collected
near the surface or near the bottom in Town Lake (fig. 21). Average concen-
trations of total nitrogen in samples collected near the bottom in Town Lake
were slightly 1larger during the summer months than in samples collected near
the surface.

Little seasonal or areal variation was noted for any of the various forms
of nitrogen. Organic nitrogen is the predominant nitrogen species in both
lakes. During the summer, average concentrations of organic nitrogen in Lake
Austin range<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>