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INTRODUcrION 

By David A. Johns 

The subject of the Austin Geological Society fall (1991) field trip is 
water quality of Barton Creek and Barton Springs. This guidebook is 
derived from a presentation to AGS on recent water quality issues and a 
tour of possible contamination sources in the Barton Creek watershed for 
the Austin City Council, Planning Commission, Barton Creek Task Force 
(BSTF), and members of the press. Events which led to what has become a 
cyclic awareness of water quality problems include Council action on the 
Urban Yatersheds Ordinance, revisions to the Comprehensive Yatersheds 
Ordinance (see ordinance summary in this guidebook), and Texas Yater 
Commission (TYC) concerns about possible sewer line leaks contaminating 
Barton Springs in the spring of 1991. In May, the city formed the Barton 
Springs Task Force to specifically address TYC concerns regarding Barton 
Springs. The BSTF is composed of members of the Environmental and 
Conservation Services, Yater and Yastewater, Parks and Recreation, Austin 
Travis County Health, Law, Planning and Development, Public Yorks and 
Transportation Departments and the Public Information Office. The BSTF 
presented a formal report to TYC June 24, 1991 with the conclusion that 
stormwater runoff was responsible for high bacteria concentrations in 
Barton Springs following rain events. 

Goals of this field trip and guidebook are to show a few of the many 
important components that affect water quality. These components include 
potential contamination sources such as construction sites, subdivisions, 
golf courses, package treatment plants, and septic systems as well as 
mitigation techniques. Recharge points in Barton and Yilliamson Creeks 
will also be visited. Stops are also included to illustrate some of the 
effects of urbanization on Barton Creek at Highway 71 where minimal urban 
influence is apparent and on Lost Creek where encroaching urban 
development has begun to degrade water quality. Stops and drive-bys for 
this trip are not politically motivated but are solely intended to convey 
the objective of this field trip - a heightened awareness of water 
quality in the Austin area. 

Yhat is water quality? According to the American Geological Institute 
1987 edition of the Glossary of Geology, water quality is "The fitness of 
water for use, being affected by physical, chemical, and biological 
factors." Natural water quality, that is, water "unaffected" by human 
activities, differs across the country. For the Austin area, natural 
surface water quality for base flow includes low turbidity (high 
clarity), low suspended sediment loads, slightly alkaline pH, high 
hardness, low total dissolved solids, and low nutrient concentrations. 
Impacted conditions should be judged with baseline conditions as the 
datum. 

Yater quality is an issue of both regional and local importance and it 
affects everyone. Good water quality is necessary for aesthetic reasons, 
wildlife use, aquatic life, and water supply. As water quality decreases 
the costs of treating drinking water increases, affecting all citizens. 
An available source of high quality water may be one of the most 
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important assets for cities as we enter the next century. 

Many factors affect water quality. They include factors which we can do 
little about like climate and factors which we can do something about 
such as land use. Characteristics of the land, such as soils and 
vegetation, also affect water quality. In areas west of Austin where the 
city water supplies originate and development is occurring, thin soils, 
steep slopes, and locally sparse vegetation make maintaining high water 
quality difficult. The high quality of water in the Edwards Aquifer is a 
direct reflection of the high quality of recharge water. Rapid recharge 
and relatively rapid movement through the aquifer prevents beneficial 
filtration and water quality improvement in the aquifer. 

This guidebook contains several short papers on different aspects of 
water quality, as wells as notes and information of site specific 
interest in the road log. Short papers address some BSTF results on the 
relationship between bacterial contamination of Barton Springs and 
rainfall, the time for stormwater impacts to effect Barton Springs, the 
dependency of good water quality for aquatic life, a summary of the first 
year of the local citizen monitoring effort, a general summary of the 
City's Barton Creek Vatershed Study, and regional protection efforts of 
the Barton Springs/Edwards Aquifer Conservation District. The road log 
includes an example of local turbidity problems, water quality control 
structures, maps of Gus Fruh and Dick Nichols Parks, a brief summary of 
the Non-Degradation Ordinance, and a fact sheet on Barton Springs and the 
Edwards Aquifer. 
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MILEAGE 

ROAD LOG 

VATER QUALITY ISSUES FOR BARTON CREEK AND BARTON SPRINGS 

by 

David A. Johns 
Field Trip Leader 

STOP 1 - Gather at west end of parking lot for Barton Springs 
Pool 

At the first stop we will discuss some of the general Edwards 
Aquifer and Barton Springs issues and facts and present an 
overview of the field trip. As this field trip is intended to 
heighten our awareness of water quality, keep in mind the 
number, location, and type of potential contamination sources 
there are currently in the recharge and contributing zones of 
the aquifer and imagine the problems of maintaining water 
quality when/if development reaches the density of other 
watersheds like Shoal or ValIer Creeks. 

See the enclosed BS/EACD Fact Sheet. 

0.0 Set odometer to O. 

Exit parking lot and turn left on Columbus Dr. 

0.4 Turn left at stop sign. 

Cross under MoPac and turn left (south) onto frontage 
Rollingwood, off to the right, is almost entirely on 
systems. That segment of the aquifer is not believed 
hydrologically connected to Barton Springs. 

Pass through intersection and enter MoPac South. 

road. 
septic 

to be 

2.0 Barton Creek Square Mall is visible on the right on the hill. 
For discussion of their water quality ponds see AGS Guidebook 
6, page 72. 

2.9 Veer left for Loop 360 South. 

In this road cut notice the fault visible on both sides of the 
road, several karst features, and dip changes in the bedding. 
Think how these might be expressed at the surface. Also 
notice the red soil that fills the cavities. 

Enter Loop 360 and, watching traffic, cross over to the far 
left lane. 
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Barton Springs/Edwards Aquifer 
Fact Sheet 

Barton Springs Discharge Gallons 

mean discharge - SO co ft/see (32. ~9d) 11,794,000,000/yr 
median discharge - 46 co ft/see{2-Q "'''''jd) 10,8S1,000,000/yr 
maximum discharge - 166 en ft/see{Jo.., -A9,lS8,000,000/yr 
minimum discharge - 10 en fVseC{tG.s ~~d) 2,3S9,OOO,OOOIyr 

Acre Feet 

36,179 ae ft 
33,285 ac ft 

120,115 ae ft 
7,235 ac ft 

Annual surface recharge - IS,758,OOO,000 galslyr or 48,336(---48,000) ac ftIyr 
(Average for 3 years 1983-198S) 

Pumpage III 1,226,0~O,OOO gaVyr or 3,759.3(---3,800) ac ft/yr 
(Currently permitted for 1990 permit year) 

Estimated Total Pumpaie I,S91,000,000 gallyr or 4879 (---4,900) ae ftIyr 
(permitted and Exempt Wells) 

One Acre Foot of water Is the amount necessary to cover one acre of land one foot 
deep. One Acre Foot equals 326,700 gallons of water. 
General Rule: An urban family of four uses one acre foot of water per year. 

Genem1 Information: 
1) Barton Springs segment of the Edwards Aquifer is approximately ISS square mlles. 
2) Recharge area is approximately 90 square miles in size. 
3) Area of District Is approximately 250 square miles. 
4) Recharge o~ predominantly in creeks and streambeds. 
S) Major creeks: Barton, Wllliamson, Slaughter, Bear, Little Bear and Onion 
Creeks. 
6) 34% of total recharge to Barton Springs segment of the Edwards Aquifer takes place 
In OnIon Creek WateIShed. 
7) 28% of total recharge to Barton Springs segment of the Edwards Aquifer takes place 
In Barton Creek. 
8) Watersheds of creeb cover approximately 264 square miles. 
9) Of the water discharged through springs and wells from the Edwards Aquifer each 
year, pumpage makes up 11.88% of the total. 
10) Ratio of total pumpage to discharge at Barton Springs is 13.5%. 
11) Permitted weDs currently Include 38 Public Water Supply companies, 14 

, Commercial users, 11 Agricultural or Irrigation users and 8 Industrial users. 
12) Sole sowce desimation lnclude$ ap,proximatellj,3q,OOO people. 

-S l~1" ~v {Y", ,,,,;-;1c..-.tJv.tI ~ 'Cvr/-~ ~ 0C((,I',/ev- aw,'dt , 

District office located at: 1124 A Regal Row, Austin, Texas 78748. 
Telephone number (512) 282-8441 
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3.3 As you cross over Barton Creek, notice if the creek is wet 
(recharging) or dry. The USGS station is visible on the left. 

3.4 Turn left into Barton Creek Plaza. 

As you enter the driveway, a USGS monitoring well is below the 
manhole cover on the left in the concrete median. 

Visible on the right is the back of Toys R Us. 
municipal landfill is behind the store. 

3.6 Continue foreword and park at the end of the lot. 

An old 

STOP 2 - Gus Fruh Park, Barton Creek greenbelt (see enclosed 
map of Gus Fruh Park area). 

At this stop, we will walk through some of the Barton Creek 
bottom lands on route to two sites on the creek to view 
recharge features. This is about a one hour round trip walk. 

Be careful of poison ivy! 

As we set out on the hike and bike trail, we pass next to a 
water quality pond and flood detention facility designed to 
reduce the amount of suspended sediment and pollutants in 
discharged water and keep the stormwater from rushing quickly 
off impervious surfaces and into the creek (lowering peak flow 
in Barton Creek). Detention reduces the potential for 
downstream flooding. 

Riparian vegetation, particularly trees, is the diverse for 
several reasons; thicker soils, richer soils, and greater 
moisture. Many riparian trees also inhabit upland areas, such 
as red oaks, live oaks, juniper, american elm, hackberry, and 
persimmon, but grow much larger in rich bottom land 
environments. Other species have a greater affinity for mesic 
areas, such as sycamores, cedar elms, buckeyes, possum haws, 
yaupon, and silk tassel. Notice the abundant exotics, 
particularly ligustrum, chinaberry and nandina, scattered 
through the area. Seeds are commonly transported by birds and 
water from the surrounding developments. 

Valking along the creek you can notice what rich wildlife 
habitat these riparian woodlands are. Many species of birds 
are notable during the fall as many migratory birds pass 
through the Austin area on their way to Mexico and Central 
America. Numerous indigenous birds also made their home in 
these habitat corridors. 

first tributary we will traverse the trace of the 
which Barton Springs discharge. The fault is 
the east wall of the tributary about 800 feet 

Crossing the 
fault from 
exposed in 
upstream. 
recharge 

The creek bed of Barton Creek may be a significant 
area for the aquifer although you will note that the 
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channel is filled with gravel and sediment and that no obvious 
features are visible. This is one of the problems in 
identifying specific recharge features in creek beds. 
Conditions are similar on the opposite bend of Barton Creek 
where several faults intersect the channel. And there, 
several small springs emanate from faults and fractures in the 
bluff during wet years and form small pools in the channel. 
Springs indicate that these structures have water-bearing 
properties and, in the channel bed, are likely recharge points 
when the creek is flowing. The gravel channel may be due to 
the general brecciated, weak condition of the bedrock in these 
locations. 

It is believed that this area of Barton Creek recharges 
large quantities of water into the aquifer which may have a 
direct, or as close as they come, path to Barton Springs (see 
paper on "Timing of Stormwater Effects on Barton Springs" in 
this guidebook). The following fecal coliform data (units are 
colonies/100 ml) are from two storms: 

DATE 

6/3/91 

6/11/91 

GEOMETRIC MEAN 
LOOP 360 

3090 

4583 

GEOMETRIC MEAN 
BARTON SPRINGS 

128 

1187 

RAIN FALL 

0.75 inches 

1.75 inches 

It would appear that there is more contaminated recharge for 
the larger storms than the smaller ones, based on the 
bacterial concentrations. Bacterial concentrations in the 
springs are always less than in the creek (unless there is a 
sewage leak) during storms due to dispersion and dilution in 
the aquifer. Dilution for the June 3 storm was about 96% 
but only about 76% for the June 11 storm which was over twice 
as heavy. Barton Creek contained base flow before each of 
these storms. 

Our first stop along the creek will be about 500 feet 
downstream of where the trail crosses the main creek. Notice 
the dip changes and associated sags in the bedrock. These 
structures may be similar to those seen in the road cut 
between MoPac and Loop 360. Although there is no apparent 
solution-enlargment of the fractures, these sags can be an 
indication of karst development at depth. The pool in the 
channel is from the small tributary that begins behind Brodie 
Oaks Mall where a spring discharges from the contact of the 
Buda limestone and Del Rio clay. Flow in the next downstream 
tributary may also be due to a small, perhaps ephemeral, 
spring. 

Enroute 
faults 
enlarged 
Airman's 

to our next stop we will cross over several small 
with minimal displacements. Some of these are 

by solution of the limestone by infiltrating water. 
cave, one of the largest caves in Travis County, and 
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a couple small springs are on the cliff to the south (right). 

Our second stop is at the tan cliffs. The cliff is about 90 
feet high and the limestone bed with all the karstification is 
about 45 feet above the creek channel. Here we see several 
examples of solution cavities occurring along fractures and 
bedding planes in the cliff wall. Note that in this exposure 
most of the openings are vertically oriented along fracture 
planes. These features illustrate some of the types of 
subsurface openings that water is moving along in the 
saturated zone of the aquifer. Note that there is no surface 
expression of these features. 

Retrace our path to the parking lot. 

Return to Loop 360 and turn right (west). 

4.5 Cross through HoPac intersection and turn left at the light 
and enter HoPac South. 

5.6 Cross over Gaines Creek. Freeway lane bridges are under 
construction between the frontage road bridges. 

5.9 Turn left at the first light (Southwest Parkway) to cross 
under HoPac. 

A sinkhole is in the protected area on the right. 

Turn left again to head north. 

Note the temporary sedimentation basin on the left just below 
recrossing Gaines Creek. It is intended to capture much of 
the sediment-Iaiden runoff to allow some sedimentation of 
suspended solids before releasing water to the creek. 

Stay on frontage road and exit for the Turnaround. 

6.6 Park on overpass in the parking lane and watch out for 
traffic. 

STOP 3 - u.S. Highway 290 and Loop 1 (HoPac) intersection. 

At this stop we will see and discuss some of the temporary 
erosion/sedimentation controls used at construction sites. 

From our vantage point on the overpass, we can see some of the 
large expanse of disturbed ground associated with highway 
construction. In the past, runoff from sites like this 
discharged into waterways without mitigation, largely because 
the Highway Department is not subject to local regulations. 
Recently, the Highway Department has included 
erosion/sedimentation controls into their designs and 
construction of roadways. However, the huge area of exposed 
ground at highway sites or other large projects, such as malls 

10 



or subdivisions, present many problems for protecting water 
quality. The volume of sediment mobilized during storms can 
simply overwhelm even well-designed and installed controls. 
The enclosed figure presents some turbidity and total 
suspended solids data from water samples collected from 
various points near this intersection during a large storm. 
The Highway Department has since added the temporary 
sedimentation basin, added more silt fences and rock berms, 
and improved maintenance of the controls. 

The timing of this highway construction and turbidity problems 
in Barton Springs suggests a relationship between the two. 
Runoff from this site enters Gaines Creek before its 
confluence with Barton Creek. Extremely high turbidity in 
Gaines Creek following storms raises concerns about the 
understated role of recharge and contamination of the aquifer 
in large tributary creeks. 

Looking north almost below the overpass, there is a silt fence 
backed with a rock berm. Notice the amount of sediment 
captured. Further north there are several "V"-shaped rock 
berms. The "V" points upgradient to deflect the force of the 
water and prevent blowouts. Ideally, the ends of the "V" 
should tailed back upgradient to prevent water bypassing the 
structure. 

Looking south, there are several more erosion/sedimentation 
control structures. A large number are necessary for proper 
runoff mitigation. Notice the long straight channel from 
Gaines Creek to Barton Creek formed by the highway lanes. It 
is very important, and difficult, to control and slow water 
velocity in these areas. 

Permanent erosion control includes revegetation. Temporary 
controls are not removed until the ground cover is well 
established. In the future, water quality ponds may be 
required for all runoff from sites like this. 

Return to the vans. 

Continue on frontage road, merge with HoPac lanes, and cross 
over into far left lane. 

6.8 Recross Gaines Creek. 

7.1 Drive through intersection, veer left, and follow signs for 
Hwy 290 East. 

7.7 Passing through Sunset Valley. Drinking water for this 
community is supplied by several Edwards wells. Vastewater 
for residences is treated by on site systems (septic tanks). 

8.2 Notice the large cave on the left protected by the chain link 
fence. 
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8.4 The Burger Center complex is built over a large sinkhole (see 
AGS Guidebook 6, page 77). 

Barton View subdivision on the left is also on septic systems. 
It is due to be add to the city centralized wastewater 
collection system in 1992. 

Pass under Loop 360/Ben Yhite. 

9.5 Turn left at next light into Brodie Oaks Shopping Center. 

9.7 Park at Lone Star Cafe. 

LUNCH - On Your Own. 

There are several restaurants in this area, including Lone 
Star Cafe, Olive Garden, Chili's, Fuddruckers, Yhole Foods 
Market, and Furrs Cafeteria across the street. 

Return to Loop 360, cross over Barton Creek, and continue to 
MoPac. 

11.0 Turn left (south) at second light and enter MoPac South. 

11.4 Turn right (west) at light onto Southwest Parkway. 

11.9 Turn right onto Republic of Texas and follow into Travis 
Country. 

12.6 At bottom of hill, park next to Travis Country Utility 
District package treatment plant on Sycamore Creek. 

STOP 4 (Optional) - Travis County package treatment plant. 

At this stop, we 
package treatment 
particular. 

will discuss some of the problems with 
plants in general and this plant in 

The Travis Country Utility District package treatment plant 
(PTP) is the green structure behind the fence. This plant 
treated sewage from the subdivision by settling, aeration, and 
chlorination to kill bacteria. Yastewater disposal for this 
plant as well as others is commonly by irrigation (thus the 
association of hill country subdivisions with PTPs and golf 
courses) or discharge to waterways. For a variety of reasons, 
PTPs commonly have problems with overflows, leaks, and 
inadequate treatment. Problems at this plant are complicated 
by the utility district filing for backruptcy. As part of the 
agreement, the city assumed operation of the plant while the 
bank operated the force main (to pump the effluent from the 
plant to the irrigation field) and irrigation pond and 
sprinkler system. 
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Three significant problems were identified with this plant. 
One was that the contact time between chlorine and sewage was 
insufficient to kill all the bacteria. Thus the effluent had 
fecal coliform counts in the thousands instead of zero. 
Second, the force main was laid in a trench excavated into 
fill that consisted of limestone boulders, gravel, and dirt. 
The trench was backfilled with the same material. Thus, the 
iron pipe was constantly rubbing against big rocks and 
breaking. Thirdly, the irrigation field was an inadequate 
size. Instead of 150 acres it was only 5 acres. Thus to keep 
from overflowing the irrigation pond, the effluent was sprayed 
into such a small area that standing effluent 6 inches deep 
was common. 

The history of problems at this plant made it a suspect 
contamination source during the recent investigation of 
bacterial pollution in Barton Springs. An examination of the 
tributary downstream of the plant and force main revealed 
numerous potential recharge features, including 
solution-enlarged fractures and faults in the channel and 
bedding plane cavities in the channel banks. After one 
reported break in the force main, dried sewage sludge was 
found in the creek. Despite the potential for recharging 
sewage, correlations between reported line breaks and elevated 
fecal coliform levels in Barton Springs are tenuous at best. 
Fecal coliform to fecal steptococci ratios suggest stormwater 
runoff as the source of contamination (see article by Barton 
Springs Task Force in this guidebook). 

Measures taken to correct problems at this plant include 
installing baffles in the contact chamber to increase the time 
sewage is in contact with chlorine to kill bacteria, increase 
acreage for spray irrigation to 150 acres, and replace to 
force main. The force main has been recently replaced 
(visible adjacent to the road. Notice the silt fence along 
the construction perimeter. Trees inside the construction 
area are protected by 2x4s. 

The City of Austin is in the process of building a wastewater 
interceptor that will take this plant completely off line by 
spring 1992. 

Turn around and return to Southwest Parkway. 

13.2 Turn left (east) on Southwest Parkway. 

Cross over upper reach of Gaines Creek. 

13.7 Turn right (south) following signs to MoPac (Loop 1) South. 
Drive carefully though here because of road hazards from the 
construction. 

14.0 Notice the large exposure on the south wall of the pit for the 
main lanes for Hwy 290. There is a collapse structure visible 
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filled with red soil. 

15.0 Cross over Villiamson Creek at Edwards Aquifer sign. 

15.3 Turn left (west) onto Villiam Cannon. 

Along this stretch of Villiam Cannon notice the rocky median 
with all the curb cuts. This is part of a filtration system 
designed to filter out some of the roadway pollutants from 
runoff. Vater is slowed by the rocks, allowing particulate 
matter to settle out. Vater passes through a sand bed which 
filters out some of the metals, nutrients, and solids before 
discharging into the local storm sewer system and into the 
creeks. 

16.5 Turn left (south) on Becketts Crossing and enter Village of 
Vestern Oaks. 

16.8 Continue across intersection with Convict Hill Road. 

17.2 Cross over Kincheon Branch of Villiamson Creek. Dick Nichols 
Park is on the left. 

17.4 At end of road veer left onto dirt road. After about 100 feet 
take left fork to go east. Notice the trash dumped along side 
the road. This is an all too common problem along lightly 
traveled roads that are out of view. 

Vatch out for rocks I Cross over the low ridge. 

17.6 At the fat juniper turn left and follow the pink flagging. 

The dead junipers are a result of a fire several years ago. 

18.0 District Park Cave is on the left. Park away from the cave. 

STOP 5 - Dick Nichols Park and City of Austin Regional 
Stormwater Detention Facility (see enclosed map of Dick 
Nichols Park). 

At this stop we will see several recharge features, discuss 
plans to utilize a regional stormwater detention facility to 
enhance recharge to the aquifer, and see the negative effects 
of sedimentation from a construction site on a recharge 
feature. This is about a 50 minute round trip walk. 

This park is still undeveloped and surrounded by lots of 
undeveloped land. As a result, there is lots of wildlife 
including deer, turkey, rabbits, and birds. 

Gather around District Park Cave. The cave extends to the 
southeast. A low-relief catchment basin about 25x50 ft. 
extends from the cave to the west (toward Becketts Crossing). 
There is at least one secondary opening to the cave about 15 
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feet to the west of the cave mouth. Debris patterns suggest 
that there is significant overland flow to this features. 
Notice the several large cedar elm trees around the cave 
catchment area. These trees are water lovers and are likely 
tapping into the fractured bedrock and soils washed into the 
subsurface voids. The cut junipers and other vegetation 
around the cave is an unfortunate result of an over zealous 
survey crew. 

During construction of the detention facility, this cave will 
be protected. The cave opening lies just below the existing 
25-year floodplain; it may have about 0.5 ft. of water above 
it. When the detention dam is complete the 25-year floodplain 
will increases to about the existing lOa-year floodplain. 
This will cover the cave with about 2.5 ft. of water. The 
ultimate lOa-year flood will cover the cave with about 5 ft. 
of water. 

The cave protection plan calls for rock gabions to surround 
the immediate catchment basin of the cave with as little 
disturbance of vegetation as possible. The gabions will have 
a foot of coarse rock on each side and a foot of finer rock in 
the middle. This is intended to filter out some of the 
increased particulate matter (including trash) that would 
other wise flow into the cave. Leaving the original catchment 
area intact will still allow the cave its normal nutrient 
supply and particulate matter and so not disrupt the cave 
ecosystem. Recharge enhancement is from the floodplain 
increase inundating the cave more frequently. 

Recharge enhancement will also occur in the creek channel due 
to a special weir in the dam spillway. A three foot high wier 
with a 12 inch discharge pipe will slow the final release 
water to prolong detention of water over recharge features 
behind the dam as well as prolong creek flow downstream so 
more water will be available to flow into recharge features. 
This final release water will pass through a rock gabion and 
trash rack to filter out some coarse particulate matter. 

Approval for this type of recharge enhancement was dependent 
on having relatively high quality water running off 
developments in the watershed upstream of the cave. Because 
developments in this area have been regulated by city 
ordinances that require filtration of runoff through either 
grassy swales or filtration basins, runoff water quality is 
much better than in older developments and other urbanized 
creeks. 

Leaving the cave, we will follow the dirt road to Kincheon 
Branch of Williamson Creek and go right (downstream). Note 
the large cedar elm trees along the channel. 

About 150 feet upstream of MoPac, notice the abrupt dip change 
in the bedrock. This is a small fault. Another 100 
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downstream and before MoPac, there are several sags in the 
bedrock, possibly indicating solution of limestone below the 
surface. Bedrock in highly fractured in this area also. 
Because of these structural features, this area was classified 
as a significant recharge feature for reports to TYC. 

Follow the creek below MoPac and notice the rock gabions used 
to filter runoff. These are the type that will be used around 
District Park Cave and in the dam spillway. 

Turn left on the other side of MoPac and follow the flagging 
along the old road parallel to MoPac. 

Turn right at the flagging about 50 feet south of pole #20 for 
the overhead power lines and follow the survey cut to the 
creek. This is the centerline of the dam. Yatch your stepl 
Some of the geotechnical bore holes have not yet been plugged. 

At this point, the dam will be 21 
wide. It will extend eastward 
upstream and westward to MoPac 
embankmen t • 

feet high and about 80 feet 
to the far bank and angle 
and merge with the road 

On the map, notice that the creek channel makes a sharp turn 
just east of MoPac. This is due to a fault which parallels 
the east bank and likely accounts for the formation of many of 
the recharge features in this part of the creek. 

About 90 feet upstream is a geotechnical bore hole that has 
not been plugged. Yhen the creek has had flow, grasses around 
this hole all bend toward it, indicating that water flowed 
into the hole. Bore logs identify a zone of completely 
weathered limestone 10 to 18 feet below the surface. This is 
likely a karst zone that carries away water that flows into 
this hole. 

About 90 feet further upstream is the beginning of large 
sinkhole. The sinkhole parallels the east bank, extending 
about 200 feet upstream and is about 25 feet wide. Note the 
large cedar elms in this feature. Reports from the BS/EACD 
indicate that this feature did not hold water "very long" 
following rains. Now, however, it will retain water for 
weeks. This is believed due to sediment washing down from the 
recent highway construction. Dig into the mud and find the 
layer of tannish silt/clay just below the surface. Native 
soils in this area are dark brown or black. This lighter 
sediment layer is probably from the crushed limestone base 
under the highway that washed off during construction. 
Efforts to mitigate this problem, as you can see, were 
unsuccessful. 

The east bank of the creek has several small bedding 
plane-solution cavities and is also highly fractured. There 
are a few small ephemeral seeps as indicated by the patches of 
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maidenhair fern. This bank will likely recharge water to the 
aquifer during detention. 

Several other small recharge features are present in and along 
the creek bed between here and HoPac. 

Retrace our steps back to the cave. 

Return to Becketts Crossing and retrace route to Villiam 
Cannon. 

19.4 Turn left (west) on Villiam Cannon and follow to Hwy 290171. 

20.4 At this intersection we are practically 
fault and so the western boundary of 
Recharge Zone. To the left lies 
Contributing Zone. 

Turn left (west) on Hwy 290171. 

on the Hount Bonnell 
the Edwards Aquifer 

the Edwards Aquifer 

20.9 Turn righ tat the "Y" on to Hwy 71 Yes t. 

Host areas of Oak Hill are on septic systems. 

22.0 Cross over upper reach of Villiamson Creek. 

24.8 Some of the large-lot subdivisions along Bee Cave Road and 
possibly the Barton Creek Country Club are visible in the 
distance off to the right. 

25.8 A Flood Early Yarning System (FEVS) station is next to the 
roadside park on the left. 

26.5 As we approach Barton Creek, turn left onto the gravel pad on 
south side of highway. 

STOP 6 - U.S. Highway 71 and Barton Creek. 

Drainage area upstream of this point is roughly 90 square 
miles. Land use is mainly ranching and scattered subdivisions 
of large-lot housing. Impervious cover is less than 1 
percent. Vater in creek is baseflow, discharging from 
ephemeral and perennial springs along Barton Creek and its 
tributaries. 

Vater quality is generally good - it is clear, no abnormal 
concentrations of algae, and low sediment concentrations. 

The following selected data are from water samples collected 
by the USGS on Hay 29, 1991: 
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PARAMETER 

TURBIDITY 

SPECIFIC CONDUCTANCE 
(microsiemens) 

TOTAL HARDNESS (Ca03) 

ALKALINITY (CaC03) 

FECAL COLIFORM (cols/100ml) 

DISSOLVED OXYGEN 

BOD 5-DAY 

NH3-N (dissolved) 

N02-N + N03-N (dissolved) 

TOTAL PHOSPHORUS 

TOTAL ORGANIC CARBON 

HIGHYAY 71 

0.40 NTU 

500 

240 

200 

20 

7.0 

0.3 

0.01 

0.05 

0.01 

0.9 

LOST CREEK 

1.5 NTU 

510 

240 

190 

140 

7.0 

0.3 

0.021 

0.057 

0.01 

1.5 

All units, unless otherwise indicated, are mg/l or parts per 
million. 

This bridge was recently repainted by the Highway Department. 
Because of possible water quality impacts, extraordinary 
precautions were taken to protect the creek. The entire 
underside of the bridge was enclosed in a big baggy to prevent 
dust and paint from falling in to the creek. Also, sand was 
used for "sand" blasting rather than slag which (apparently) 
is commonly used in "sand" blasting. 

Yalk upstream to the old bridge. Little Barton Creek enters 
from the right. There are thick terrace deposits along its 
bank near the confluence with Barton which may contribute some 
sediment load during storms. A bridge across Little Barton 
upstream of the confluence has a Mexican free-tail bat colony 
living under (in) it. This bridge construction is similar to 
the Congress Street bridge where the bats roost between the 
concrete bridge spans. 

Even though the nutrient load is less here than downstream, 
some algae growth still occurs. Algae is a natural part of 
the creek ecosystem (see article on "Impacts of Yatershed 
Urbanization on Stream Biota" in this guidebook). 

On the downstream side of this bridge there have been several 
clumps of Spyrogyra growing the shallow water. Local 
conditions are likely conducive to its growth, including 
shallow, stagnant water, sun light, and nutrients. 
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Valking along the creek, look for riffle areas (flowing, 
shallow water over gravel bars between pools) and turn over 
some rocks. The invertebrates you see are an important 
component of the ecosystem. These are larval stages of many 
common flying insects including true flies, dragonflies, 
damselflies, mayflies, caddisflies, and beetles. 

Notice the grove of sycamore 
alluvial gravel bar. They are 
the last really large flood. 

Return to the vans. 

trees growing on the thick 
not too old; about as old as 

Turn around and turn left to continue west on Hwy 71. 

Notice the old log cabins on the left just after crossing 
Barton Creek that have been moved to this site. 

26.0 The Uplands Tract is along the right side of the road. This 
is a development proposed during the "boom" period that has 
since declared bankruptcy. This land is part of a tentative 
sale agreement between the Texas Nature Conservancy and RTC 
for the Balcones Habitat Conservation Plan. 

27.4 Turn right (east) onto RR 2244 (Bee Caves Road). 

30.3 The pond on the right is an evaporation pond for the package 
treatment plant serving the Barton Creek Vest subdivision. 
Vastewater is treated then allowed to evaporate as a means of 
disposal. Secondary disposal is by irrigation of medians and 
landscaping. 

31.0 Turn right (south) onto Patterson Lane. 

31.3 Turn right into Barton Creek Elementary School and park next 
to the chain link fence around the water quality pond. 

STOP 7 (Optional) - Barton Creek Elementary School 

At this stop we will see a new filtration pond. See the 
enclosed conceptual design for how these Best Management 
Practices (BMPs) work. Notice the clean outs, like those for 
your home sewer line. Because sediment-Iaiden runoff from 
construction sites is such a big problem, structures like this 
should be the first structure built on the site and all site 
drainage should be routed to the pond during construction to 
filter out sediment. 

See the enclosed conceptual designs for a full 
sedimentation-filtration system. For filtration systems 
designed in accordance with guidelines, the following removal 
efficiencies can be assumed: 
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32.1 

32.5 

REMOVAL FECAL 
EFFICIENCY COLIFORM TSS TN TKN N03-N TP BOD TOC Fe Pb Zn 

(%) 76 70 21 46 0 33 70 48 45 45 45 

Much of the construction on this site occurred every close to 
the tributary. This makes control of erosion and 
sedimentation impossible. This is one of the problems with 
building the in the critical water quality water zone and 
water quality transition zone. 

You can see that the exposed soil has been recently 
hydromulched to get rapid ground cover. 

Continue driving through the parking lot and turn right at the 
intersection. 

Cross Hebbingston Hollow and notice the erosion/sedimentation 
controls in the tributary. This area constantly had problems 
during construction with sediment blowing through controls and 
depositing a thick layer of fine sediment in the tributary and 
in the main channel of Barton Creek. Pictures of this 
sedimentation were shown at the AGS meeting in September. 

Turn left at the intersection with Friedsam Lane and go to the 
stop sign. 

Turn right at the stop sign onto Scenic Bluff. 

Turn right at next stop sign. 

Turn right at next stop sign onto Creeks Edge Parkway. 

The road along the main entrance uses an alternative form of 
filtration with curbless streets that allows water to drain 
and filter through the grassy swales along the road. 

32.8 Turn right onto RR 2244 (Bee Caves Road). 

Passing several entrances to subdivisions of large-lot homes 
served by septic systems. 

35.8 Road cut on left through Valnut Formation capped by Edwards 
Formation. 

36.0 Barton Creek Country Club and "Fin Bridge" across Barton Creek 
are visible to the right. 

36.6 Turn right on Barton Creek Boulevard. 

The roadway is bordered by grassy swales for filtration with 
water bars that slow water velocity and reduce erosion. 

37.4 Cross "Fin Bridge" over Barton Creek. A FEVS station is on 
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the right as you cross the bridge. 

Barton Creek Country Club facilities are on the left. They 
include two golf courses, a conference center, spa, and 
country club. 

On the left, we will pass along a filtration system that 
consists of a concrete channel lined with stone that aerates 
the water before it flows into the first of two wet ponds. 
This system serves the Ridge condominium development. 

39.2 St. Michael's Academy is on the right. Yastewater from this 
campus is hauled away for treatment. St. Michael's has a 
permit for a package treatment plant but has not built the 
plant. 

39.5 Turn left onto Lost Creek Boulevard. 

Passing through the Estates Above Lost Creek. These are also 
large-lot homes with septic systems. 

40.9 Lost Creek subdivision is visible up ahead across Barton 
Creek. 

42.1 

Lost Creek golf course and country club are on the left. 

Cross 
right. 

over Barton Creek with USGS monitoring station on 
Turn left and park on old bridge. 

STOP 8 - Lost Creek Boulevard and Barton Creek. 

the 

At this stop we will see some of the obvious differences in 
water quality between here and Hwy 71. 

The upstream Barton Creek drainage area is about 105 square 
miles. Development is mostly rural with more urban in the 
lower end (mostly developments along Bee Caves Road). 
Impervious cover is about 3 percent. 

At this site, compared to Hwy 71, the water is more turbid 
(due to both algae and fine suspended sediment), there is more 
macroscopic algae growing in the creek, and there is more fine 
sediment in the channel. The pool behind this bridge is 
similar to other natural pools along the creek. In the spring 
of 1991, an algae bloom carpeted the bottom of the creek 
downstream with a layer of long, filamentous algae. This 
algae had an affinity for fast, turbulent water. Also notice 
how much more trash is present at this site than at more 
remote Hwy 71. Some people will always litter. 

See the water quality data presented with STOP 6. 

Looking downstream, several small springs discharge from 
alluvium on the right, downstream of the bridge. 
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The 
bend 
Creek 

Lost Creek package treatment plant is located around the 
on the left bank of the creek. Yastewater from the Lost 
subdivision is treated there then pumped across the 

creek for irrigation use at the Lost Creek Country Club. Any 
excess is pumped to Barton Creek Country Club. 

TUrn around and continue north on Lost Creek Boulevard. 

44.1 Turn right (south) at Loop 360. 

44.8 Notice aquifer sign stating that we are entering the Edwards 
Aquifer Recharge Zone. 

45.6 Parks tone Planned Unit Development is along the right side of 
the road. 

46.5 Entrance to Barton Creek Square Mallon the left. 

47.0 Turn left (north) to enter MoPac. 

48.5 Exit to RR 2244 and Zilker Park. Stay on frontage road and 
cross through Bee Cave Road intersection. 

Notice (and go seel) the Zilker Christmas tree and Santa's 
village on the right. 

49.9 Turn right to Barton Springs Pool. 

50.1 Park at west end of parking lot. 

End of TripI 
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Barton Sprim:s/Edwards Aquifer Conservation District 

Tom Heathman, Sr. Environmental Analyst 

The Barton Springs/Edwards Aquifer Conservation District was created in 1987 by the 
Texas Water Commission and validated by the 70th Legislature of the State of Texas. The creation 
of the District was confirmed in an election in August 1987 by the residents of the District. The 
District is composed of 250 square miles predominantly in southern Travis and northern Hays 
counties. The Barton Springs/Edwards Aquifer Conservation District was created with most of the 
powers of an underground water conservation district as specified in Chapter 52 of the Texas 
Water Code. The mandate of the District is to preserve, protect, conserve, and enhance the 
groundwater in the Barton Springs segment of the Edwards Aquifer. 

In order to fulfill this mandate, the Districts carries out several aquifer protection! 
preservation programs. These programs include: permitting of groundwater withdrawals; well 
construction and plugging standards and inspections; development of a regional water plan; 
monitoring groundwater quality and quantity; cooperative programs with other state and local 
agencies; Texas Water Commission water pollution abatement plan review and comments; 
construction inspections and non point source pollution control program; and studies to evaluate 
permanent mitigation devices. The District has assisted local small cities to develop and implement 
various groundwater protection measures, including ordinances for underground tank installation 
and conservation programs. These programs and cooperative efforts constitute the core of an 
ongoing commitment to protect and preserve the Barton Springs segment of the Edwards Aquifer. 

Future plans for the District include continued cooperative efforts with other governmental 
entities in the area. These efforts include continuation of a three year study in cooperation with the 
City of Austin, the LCRA, the Texas Water Commission, and the Texas Department of 
Transportation to evaluate the effectiveness of alternative filtration media on highway runoff in the 
Barton Creek watershed under a grant from the EPA. A part of this study involves transfer of the 
information acquired to city, county and state engineers that design roadways over the recharge 
zone of the Edwards Aquifer throughout the state. The District will continue a multiple year study 
in cooperation with the Texas Department of Transportation and the University of Texas at Austin 
to evaluate highway runoff and the effectiveness of different mitigation media and methods in the 
treatment of this runoff. The District is committed to promoting alternative technologies for storm 
water runoff mitigation and erosion/sedimentation controls for construction projects. 

The District will also work cooperatively with the LCRA and the Water Commission under 
Senate Bill 818 to assess current water quality conditions in the aquifer. This bill also requires the 
District to work with the LCRA to develop water quality standards and methods to mitigate against 
potential negative impacts within our segment of the Colorado River basin. The purchase and 
installation of a Geographical Information System in the near future will assist in environmental 
analyses undertaken by the District for this project and many others. 
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INTRODUCTION 

Report of the 
BARTON SPRINGS TASK FORCE 

June 24, 1991 

On May 15, 1991, the Texas Water Commission requested a report from 
the City of Austin regarding bacteriological readings at Barton 
Springs Pool. At the conclusion of the discussion that day, the 
Commission requested that the City return on June 24 and present 
additional information. 

The City organized the Barton Springs Task Force, an interdepartmental 
group assigned to gather information and conduct field investigations 
concerning Barton Springs water quality. This report is the result of 
an intensive thirty day effort to address the following key questions: 

1) What has been happening at Barton Springs and Barton Springs 
Pool? 

2) What are the possible sources of pollution in Barton Springs 
Pool? 

3) What is the health risk or health hazard associated with 
recent bacteriological levels in Barton Springs Pool? 

·4) What have the City of Austin and State agencies done to 
address the recent problem? 

5) What are the City of Austin's long range plans to address 
Barton Creek and Barton Springs Pool water quality concerns? 

This report is organized in a question and answer format to respond to 
the above questions. 

I. What has been happening at Barton Springs and Barton Springs Pool? 

A critical factor with respect to water quality in Barton Springs is 
the nature of the source of the water. Barton Springs is the main 
discharge point for the segment of the Edwards Aquifer in Northern 
Hays and Travis counties (See Figure 1). This portion of the Aquifer 
is karst limestone with numerous large caverns, faults and fractures. 
Recharge during storms occurs very rapidly through these features with 
little or no removal of pollutants normally associated with stormwater 
runoff. Movement of water within the aquifer is also fairly rapid 
along the caverns and faults and is actually similar to pipe flow or 
stream flow. The complex network of subsurface openings makes it 
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difficult to predict flow direction and rate as well as pollutant 
movement. This rapid flow through large openings provides very little 
removal of pollutants compared to sand and gravel aquifers. These 
characteristics of karst aquifers result in Barton Springs being 
heavily influenced by quantity and quality of runoff in the recharge 
zone. In fact, the Texas Water Commission has identified the Edwards 
Aquifer as the Texas aquifer most susceptible to nonpoint source 
pollution. 

The City of Austin has long recognized that Barton Springs is highly 
susceptible to pollution. This recognition has led to 13 years of 
intensive studies of Barton Springs, Barton Creek and the Edwards 
Aquifer. These studies have included several cooperative studies with 
the U. S. Geological Survey related to stormwater runoff and its 
effects on Barton Springs water quality. In the water quality study 
of Barton Springs (USGS Report 86-4036, 1986), high bacteria densities 
were observed after significant rainfall events, typically greater 
than one inch (see Figure 2). Measurements ranged as high as 6,000 
colonies per 100 ml in Barton Springs. Along with the increased 
bacteria, the Geological Survey noted high turbidity and lower 
conductivity in Barton Springs after storms on Barton Creek. 
Turbidity is a measure of suspended solids or sediment and is 
typically higher in stormwater. Conductivity is a relative measure of 
dissolved solids and is typically lower in stormwater. The Geological 
Survey report states: 

"Changes in turbidity of Barton Springs water after a 
storm show how rapidly recharge water, with its 
relatively high turbidity, moves through the aquifer to 
discharge at Barton Springs." 

Figures 3 and 4 from the Geological Survey report show how turbidity 
and conductivity of Barton Springs are influenced by the flow and 
quality of storm water in Barton Creek at the Loop 360 gauge. This 
area is traversed by several faults including the main fault from 
which Barton Springs discharges. This major fault provides a direct 
conduit for recharge to the Springs. Since the average bacteria 
density at Loop 360 is just over 20,000 colonies per 100 ml and has 
ranged as high as 100,000 colonies per 100 ml, values over 200 
colonies per 100 ml in Barton Springs can be expected after any 
significant rainfall. 

Because of the known relationship of high bacterial densities with 
storms, the City maintains an intensive and regular sampling program 
at Barton Springs. Samples have been collected weekly and after storm 
events since 1982. These measurements have been consistent in 
character with the Geological Survey data and continue to show high 
bacterial densities after storms. 
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Figure 2 --Fecal-coliform values with respect to precipitation for water-quality 
samples from Barton Springs. 

Source: U.S. Geological Survey, Hydrology and Water Quality of the Edwards Aquifer Associated with Barton 
Springs in the Austin Area, Texas, 1988. 
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Figure 3 --Turbidity of Barton Springs water following storm of May 8, 1980. 

Source: U.S. Geological Survey, Hydrology and Water Quality of the Edwards Aquifer Associated with Barton 
Springs in the Austin Area, Texas, 1986. 
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Springs to specific conductance and discharge of Barton Creek. 

Source: U.S. Geological Survey, Hydrology and Water Quality of the Edwards Aquifer Associated with Barton 
Springs in the Austin Area, Texas, 1986 • 
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Barton Springs is the most intensely studied natural swimming area in 
the state. Although other natural swimming areas could also be 
expected to show storm related water quality effects, data are 
apparently not regularly collected for these other swimming areas. 

The relationship between rainfall and coliform levels is also shown by 
comparing monthly rainfall to the monthly geometric mean of coliform 
(See Figure Sa). 

Bacteria data collected in 1991 from Barton Springs are generally 
consistent with previous years when abnormally high rainfall is 
considered (See Figure 5b). Through May of this year, rainfall at the 
City's Barton Creek Square Mall gauge is 7.84 inches above normal (a 
60% increase above normal). April was extremely wet with 6.63 inches 
in the recharge zone area. This is just over twice the normal 
rainfall in previous years (See Figure 6). The distribution of 
rainfall is also unusual. For example, April rainfall occurred in 
three distinct rainfall events of one inch or greater about one week 
apart (See Figure 7). Typically, when this much rain occurs in a 
single month, it is the result of a single large storm that causes 
the creek to flow over the dam at the pool. In such an event, the 
City automatically closes the pool. There have been no such floods 
this year. 

The relatively high bacteria levels in April were primarily the result 
of the unusually high rainfall amounts. The rainfall distribution 
during the month sustained the high levels of fecal coliform over a 
long period of time. During this same period, high turbidity 
associated with the rainfall events was also a problem in the Springs, 
supporting stormwater as the source of the bacteria. 

Even though the high bacteria levels and turbidity were expected as a 
result of the high rainfall levels and runoff, the frequency and 
duration of pool closings are still of concern. Of particular concern 
is the persistence of high bacteria levels several days after storms. 
Current tests and previous research indicate that fecal coliform may 
actually live longer in the cooler, dark environment of the aquifer 
than in surface water (See Figure 8). Depending on the amount of 
dilution and initial bacteria levels of the recharge water, the 
bacteria levels in the aquifer could easily maintain a level above 200 
colonies per 100 ml for up to five days. This bacteria life span may 
increase significantly with the presence of nutrients, solids and 
organic matter. These are all associated with stormwater runoff and 
have increased in the creek over the last two years. 
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II. What are the possible sources of pollution in Barton Springs 
Pool? 

The two types of pollution currently affecting swimming at Barton 
Springs are: 

• Bacterial 
• Turbidity 

Contributing sources discussed in this report include: 

• Stormwater 

• Package Wastewater Treatment Plants 

• On-site Wastewater Treatment Units (Septic Tanks) 

• Wastewater Mains 

• Pets and Wild Animals 

• Recreational Users and Transients 

Bacterial Pollution 

The most common method of detecting bacterial pollution of water is 
the coliform bacteria test. Coliform organisms are harmless bacteria 
present in the intestinal tract of warm-blooded animals, including 
cattle, deer, dogs, birds and human beings. Each person discharges 
from 100 to 400 billion coliform organisms, per day, in addition to 
other kinds of bacteria. The numbers of disease-causing organisms 
present in wastes and polluted waters are few and difficult to 
isolate. The coliform organism, which is more numerous and easily 
tested for, is used as an indicator organism. The presence of 
coliform organisms is taken as an indication that pathogenic organisms 
may also be present. The absence of coliform organisms is taken as an 
indication that the water is probably largely free from 
disease-producing organisms. 

The use of coliform as an indicator organism is complicated by the 
fact that certain coliform organisms can grow in soil. Thus, the 
presence of coliform does not always mean contamination by human 
wastes. For example, at the City's undeveloped stormwater monitoring 
site at Bear Creek, there is no development, no sewers, no septic 
tanks and very little access by people to affect sample counts. In 
this undeveloped area, however, fecal coliform bacteria as high as 
100,000 colonies per 100 ml were detected. Animal wastes are probably 
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the sources of these readings . Typically, the ratio of fecal coliform 
to fecal streptococci bacteria is used to distinguish between human 
waste and other animal waste. An overall 1 to 1 ratio or less 
(coliform equal to or less than streptococci) typically indicates the 
coliform is from animal sources. An overall 4 to 1 ratio typically 
indicates the coliform is from human wastes. 

There is a large range in the measurement of bacteria from anyone 
sample. The ratios are not generally applicable to a single sample, 
but can be applied to a relatively large number of samples. It should 
also be noted that the application of these ratios is most appropriate 
for bacterial counts of at least 100 colonies per 100 mi. Figure 9 
shows a plot of bacteria data from the City's undeveloped monitoring 
site (Bear Creek). This plot verifies that the ratio for stormwater 
not affected by human waste will typically be below 4 to 1. It should 
be noted that even though there are no human waste sources at the 
undeveloped monitoring site, three storms had ratios greater than 4 to 
1. However, the overall trend of the data is less than 4 to 1. This 
ratio should be considered when evaluating possible sources of the 
coliform bacteria. 

The use of these bacteria ratios has been effective in finding 
wastewater line breaks. In 1982, high coliform levels occurred in 
Barton Springs, and the ratio indicated a possible human waste source. 
A wastewater line leak was eventually found upstream of the pool. 
Figure 10 shows the USGS data before and after the wastewater line 
repair and indicates that when the wastewater line was broken most 
data points recorded ratios greater than 4 to 1. Since the repair of 
the line in 1982, the ratios have been less than 1 to 1. This 
verifies the assertion that the overall ratio of a number of analyses 
can generally be used to determine the source of coliform bacteria. 
The recent Health Department data (see Figure 11) indicate an overall 
trend which generally indicates non-human waste as the source of the 
coliform in Barton Springs. 

Because of the karstic nature of the Edwards Aquifer, the potential 
sources of chemical pollution to Barton Springs pool may be anywhere 
within the 354 square miles of the contributing drainage area. 
However, when considering turbidity and bacteriological pollution, the 
sources would be primarily limited to the 126 square miles of Barton 
Creek and the immediately adjacent watersheds within the recharge 
zone. Pollution anywhere within the Barton Creek watershed may flow 
down to the recharge zone, be inducted through faults, fractures and 
other recharge features in the creek, and flow out Barton Springs. 
The major fault that creates the discharge for Barton Springs crosses 
Barton Creek in the vicinity of Loop 360 and appears to be a 
significant point of recharge which may provide direct transmission, 
similar to pipe flow to the Springs. 
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Stormwater 

Stormwater runoff within the Barton Creek watershed is a known 
source of bacteria (See Figure 12). Undeveloped sites have 
average levels of 4,000 colonies per 100 ml, with one storm 
measurement as high as 100,000 colonies per 100 ml. Residential 
sites average between 5,000 and 15,000 colonies per 100 ml and 
commercial sites range from 10,000 to 39,000. The two commercial 
sites monitored by the City in the Barton Creek watershed include 
Barton Creek Square Mall and Brodie Oaks Shopping Center. The 
average coliform levels in runoff from these sites are above 
20,000 colonies per 100 ml. Both these sites have structural 
controls to reduce this pollution. However, the average level of 
the discharges after treatment remains above 15,000 colonies per 
100 ml. 

Agricultural areas, primarily rangelands, are known sources of 
bacteria. The Commission has listed rangeland as a known source 
of bacteria for Barton Creek in its Statewide Nonpoint Source 
Pollution Assessment Report. Measurements at the Highway 71 
gauge, which is upstream of all sewered areas and beyond most 
densely developed areas, have ranged from 10,000 to as high as 
100,000 colonies per 100 ml. In part, these counts can be 
attributed to runoff from rangeland that supports cattle, horses, 
goats and deer. 

Runoff from distant areas in the watershed may take two to five 
days to flow down to the recharge zone and could maintain bacteria 
levels exceeding 1,000 colonies per 100 ml. For this period, 
bacteria levels at Loop 360 and Barton Creek have averaged 20,000 
colonies per 100 ml and have ranged as high as 100,000 colonies 
per 100 ml. Measurements at Highway 71 and Loop 360 may be 
somewhat affected by older septic tank systems known to be in the 
area (See discussion below). Measurements at Loop 360 may be 
affected by other potential sources, such as wastewater mains 
within MUDs and privately owned package wastewater treatment 
plants (See discussion below). It should be noted that coliform 
levels from runoff in fully developed areas average between 50,000 
and 100,000 colonies per 100 ml. 

Package Wastewater Treatment Plants 

Pursuant 
November 
package 

to a resolution adopted by the Austin City Council in 
1979, the Health Department monitors the operations of 

wastewater treatment plants located within the city's 
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extraterritorial jurisdiction. Among these facilities, the 
following are located within the Barton Creek watershed: 

Barton Creek West 
Estates of Barton Creek 
Lost Creek MUD 
Travis Country 
Lake Travis High School 

In addition, St. Michael's Academy conducts a sewage hold and haul 
operation, although it is permitted to construct a wastewater 
treatment facility. The Highway 71 Joint Venture and the Uplands 
have obtained permits, but no development or construction of 
wastewater treatment facilities has occurred to date. 

The Health Department conducts inspections routinely on a 
quarterly basis and in response to specific complaints. Treated 
wastewater effluent samples are collected for analysis to 
determine compliance with the Commission grab sample permit 
requirements. The Health Department staff confers with operators 
on plant performance and refer substantial and recurring operation 
deficiencies to the Commission. 

Based on previous Health Department quarterly inspections, the 
five wastewater treatment plants operating in the Barton Creek 
watershed have generally shown a history of compliance with grab 
sample permit requirements established by the Commission. 

Although the Barton Springs bacteria data generally indicate 
readings consistent with storm event data, there are at least two 
times when high coliform levels have occurred immediately after a 
break in the force main for treated effluent at Travis Country. 
These events occurred in September 1988 and in May of 1991 during 
periods of little rainfall. Because of the location of the faults 
in the area of Travis Country and Loop 360, it appears likely that 
spills or leakage from this system could have a direct impact on 
bacteria levels in the Springs. In 1986, the City's groundwater 
monitoring program also monitored unusually high coliform levels 
in the Loop 360 well (the well most likely to be influenced by 
Travis Country). Those elevated levels appeared one day later in 
Barton Springs. All three of these events had coliform to 
streptococci ratios suggesting human waste as the source. 

The City of Austin has performed basic operation of the wastewater 
treatment plant at Travis Country under a contract arrangement. 
Until recently, the holding pond and irrigation system were the 
responsibility of the owner. However, the owner of the treatment 
and irrigation system has filed for bankruptcy and the system is 
now under the control of a Trustee. Theft and vandalism of 
irrigation pipe have reduced the acreage for disposal of treated 
effluent below acceptable standards. In addition, the force main 
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has broken and been repaired several times by the City at the 
request of the Commission. On Thursday, June 20, 1991, a 
settlement between the Commission, the City of Austin, Guarantee 
Federal Savings and the Trustee was finalized. This agreement 
requires the Trustee and Guarantee Federal to construct a new 
irrigation system for Travis Country. The Trustee has filed a 
request to increase the wastewater service fee paid by the 
homeowners so that funds can be raised to fund the new irrigation 
system. 

The City of Austin has agreed to construct a wastewater main to 
Travis Country to eliminate the potential health and pollution 
threat posed by the existing treatment system. This $1.1 million 
Capital Improvement Project is scheduled for completion by March 
1992. 

At the request of the Commission, the City recently extended 
wastewater utility services to relieve the Valley View package 
wastewater treatment plant. The Valley View treatment plant 
discharged to Williamson Creek immediately upstream of the Barton 
Springs recharge zone. 

On-site Wastewater Treatment Units (septic tanks> 

It is difficult to estimate the impact on-site wastewater disposal 
may have on the increase in fecal coliform counts at Barton 
Springs following rainfall. However, the City's groundwater 
monitoring program has recorded the highest coliform, nitrate and 
total nitrogen levels in areas with the highest concentration of 
septic systems. This appears to indicate that there are some 
problems, especially with the older septic systems. 

Moving up 
following 
13) • The 
Springs is 

the Barton Creek watershed from the Springs, the 
subdivisions are served by on-site systems (See Figure 
approximate distance of each subdivision from the 

noted. 

Subdivision 

Barton View and Oak Hill along 290 
Estates Above Lost Creek 
Camelot 
Estates of Barton Creek 
Rob Roy on the Creek 
Crystal Creek 
Crystal Mountain 
Barton Bend 
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Sunset Valley, which is served by on-site systems, is on 
Williamson Creek, approximately 3.4 miles from Barton Springs. 
Although a doubtful factor, it is not known to what extent Barton 
Springs may receive recharge from the Dry Creek and Little Bee 
Creek watersheds in which West Lake Hills and Ro11ingwood are 
situated. These cities are also served by on-site private sewage 
facilities. 

The Health Department provides inspection during the construction 
and remodeling of all on-site wastewater systems located in Austin 
and Travis County other than those located in incorporated cities 
with private contracts for inspection (Westlake Hills, 
Ro11ingwood, Sunset Valley). The Health Department also responds 
to complaints regarding such systems and provides consultations 
prior to development. Systems utilizing alternative technologies 
for treatment or disposal inside Austin have annually renewable 
permits and are periodically reinspected. When property changes 
hands, lending agencies require certification of the on-site 
system and/or private well, a process which also results in a 
reinspection of such systems. 

Limited surveys of the on-site systems located in Barton View and 
the Oak Hill area along Hwy 290 will be performed over the next 
six months by the Health Department to determine the extent of 
surface failure of these systems. Repairs would be required for 
all systems identified as failing. No practical means exist for 
identifying discharges to the aquifer below the ground from 
individual on-site systems. 

The attached map on the following page shows areas served by the 
City collection system, private package treatment plants and 
individual on-site systems. 

Wastewater Mains 

Private Mains 

Private laterals are the plumbing that connect houses or 
commercial buildings to the City's wastewater collection system or 
to other centralized wastewater collection systems such as in 
MuniCipal Utility Districts. 

Leakage from broken, deteriorated, or improperly installed 
private laterals could contribute sewage contamination to Barton 
Springs through flow either above or below the ground surface. 
The Health Department has jurisdiction in most of the areas 
closest to Barton Springs. When the Health Department receives a 
citizen complaint that sewage is being discharged above ground, 
the Department investigates and requires both the abatement of the 
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immediate discharge and the repair of the line. Both State Law and 
City Ordinance provide the authority to require correction of such 
problems once a discharge is identified. Abatement of the 
immediate discharge is usually required to be accomplished within 
24 hours, while structural repairs may take 30 to 60 days. In 
addition, City policy may require more substantial repair or 
replacement of laterals which have suffered repeated and 
documented structural failure, even when there is no current 
apparent sewage leakage. 

Recently, some attention has been focused on the use of plastic 
(PVC) private lateral lines installed above ground in the Barton 
Springs watershed. Current plumbing code requirements and product 
listings generally require that such piping be buried at least 12 
inches below grade. Installation deficiencies, including 
improperly joined plastic pipe sections, also have been reported. 
Although most of these lines may not now be leaking sewage, there 
is the potential of near term discharges with these installations. 
The City plans a survey in coming months to first determine the 
extent of the potential problem. The follow-up strategy to the 
initial survey may include pressing for changes in state enabling 
legislation or possible City code revisions, covering old 
installations, enhanced enforcement activities, or informational 
outreach to homeowners. 

The contamination from private laterals is presently estimated to 
be low in relation to other pollution sources referenced in this 
report. However, the actual extent of subsurface discharges from 
such laterals can only be adequately determined through 
examination of the laterals as is done with public wastewater 
mains. Examination of public mains in the vicinity of Barton 
Springs and its aquifer recharge zone might reveal failure of 
adjacent private laterals, as discussed below. 

Public Mains 

Public wastewater mains, or the collection system, are the City of 
Austin Water and Wastewater Utility's legal responsibility, and 
are located in rights-of-way and easements dedicated to the 
Utility or City. Additionally, there are other political 
subdivisions including Municipal Utility Districts in the Barton 
Springs recharge and contributing zones which have centralized 
collection systems. 

The City owned wastewater mains in the Barton Creek watershed 
range in size from 54 inches in diameter down to 6 inches in 
diameter. The total length of public mains in the Barton Creek 
watershed is almost 220,000 feet. The majority (81%) of these 
mains are eight inches or less in diameter. Less than 5% are 36 
inches or larger in diameter. 
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In 1986, all of the public mains in the watershed were cleaned, 
smoke tested, televised, air tested and grouted where necessary. 

As part of the routine smoke testing procedures of the City owned 
mains, private laterals are also tested. If any leaks are detected 
in the private plumbing, the property owner is notified and 
required by City ordinance to repair the problem. 

In most cases, wastewater does not leak from pipes unless there 
are unusual circumstances. A leaky wastewater main is a main where 
extraneous flow enters the main. Wastewater will follow the path 
of least resistance, which, in regard to public or private mains, 
is within the pipe itself. Unless there is a very large hole 
below the water level within the pipe, or the main is surcharged, 
water will remain in the pipe. 

A pipe is surcharged when it is trying to carry more water than 
its design flow. When this condition occurs, the water in the 
pipe can exert pressure on the pipe, pipe joints and manholes in 
an attempt to escape. If there is a defect within the system, 
then the water can leave the pipe and enter the surrounding 
ground. The televising and smoke testing of lines locates such 
defects and permits their repair. 

In March 1990, the Commission adopted the Edwards Aquifer rules 
for Travis County. These rules require inspection of wastewater 
lines within the recharge area every five years. In 1991, the 
City is following the same procedure as in 1986, but has added dye 
testing. This additional test procedure should confirm the 
integrity of the City owned collection system. The status of this 
inspection is discussed in Section V. 

Pet and Wild Animal Droppings 

Animal droppings are undoubtedly a constituent of the surface 
runoff which contributes bacterial contamination to Barton 
Springs. When droppings remain in place, they are eventually 
broken down and rendered nonhazardous by the normal insect and 
bacterial life in yards and undeveloped areas. However, rainfall 
may result in their direct removal to drainageways. Some animals, 
such as raccoons and opossums, also temporarily take up residence 
in urban storm sewers. Their droppings are also readily conveyed 
into drainageways by rainfall runoff. For yards with heavy 
accumulations of animal droppings from pets, the Health Department 
investigates complaints and can require the animal keeper to clean 
up the droppings and maintain the property. Failure to comply may 
result in the Department filing an action in Municipal Court. 

Much of the Barton Springs watershed is undeveloped and contains a 
substantial wildlife population. Even in developed areas, the 
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wild animal population compares with that of the domestic pet 
population. Rain events will undoubtedly continue to produce 
elevated bacterial counts at Barton Springs Pool, considering this 
type of pollutant potential from close-in areas. 

Recreation Users and Transients 

Many transient humans such as hikers, swimmers and homeless 
utilize Barton Creek and its trail system. Parks and Recreation 
staff believe that this use of Barton Creek is not a major source 
of pollution. Park Police report very few instances of transients 
actually habitating the area, and minimal maintenance has been 
required as a result of use by hikers and swimmers. 

Summary of Bacterial Discussion 

Coliform to streptococcus ratios from recent data indicate non-human 
sources for current bacterial pollution. 

Stormwater, carrying runoff from both developed and undeveloped areas, 
is the primary source of bacteria in Barton Springs and presents a 
very high potential for increased pollution if additional development 
occurs without adequate nonpoint source pollution controls. Increased 
pollution could lead to more frequent pool closings because runoff 
with high coliform levels from impervious surfaces will occur with 
smaller storms (less than 1 inch). Other sources, including package 
treatment plants, septic tanks, public and private wastewater mains, 
and domestic and wild animal wastes possibly contribute to the current 
pollution problem still under investigation. 

Turbidity/Suspended Solids 

Turbidity or Total Suspended Solids (TSS) can result in closing Barton 
Springs Pool since lifeguards cannot see through the water well enough 
to ensure protection of the swimmers. Historical concerns about 
turbidity at the pool resulted in the construction of the Barton Creek 
bypass adjacent to the pool in 1975. The bypass is designed to carry 
creek water, which frequently contains suspended sediment, around the 
pool. Prior to the USGS studies on bacteria levels in the Springs 
after storms, pool closings during the swimming season primarily were 
related to turbidity. 

TSS carried by runoff increases with intensity of development. This 
can be particularly important since some of these solids are deposited 
in the creek and can infiltrate into the aquifer. Solids can affect 
the turbidity of both the Creek and the Springs, even without recent 
rainfall, as has been measured in Barton Springs. Erosion from 
construction areas contributes to total suspended solids and 
turbidity. 
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There is a measurable increase in turbidity starting in the vicinity 
of the Barton Creek Country Club and continuing past Lost Creek 
Country Club, partially due to erosion during construction of a new 
golf course and related facilities. There is also an increase in 
algae at these locations. It appears to be related to nutrients from 
stormwater runoff from the golf courses and/or infiltration and 
seepage of the irrigation into the creek. The golf courses are 
irrigated with treated wastewater, which is higher in nutrients than 
tap water. High total suspended solids also have been measured from 
the Highway 290/Mopac construction. 

These sources along with the natural increase in turbidity related to 
the wet weather are affecting the turbidity in both the Creek and the 
Springs. The increase in solids, nutrients, and organic matter may be 
increasing the persistence of coliform in the Edwards Aquifer after 
storm events. 

56 



TIMING OF STORHVATER EFFECTS ON BARTON SPRINGS 

By David A. Johns 

In the past, stormwater runoff has contaminated the discharge of Barton 
Springs and exposed pool swimmers to high concentrations of fecal 
coliform bacteria. Turbidity of the springs also can increase 
significantly following storms and force staff to close the pool. The 
pool has remained open when it should have closed and remained closed 
when it could have opened because of reliance on time-consuming lab 
tests. Data are needed on the time it takes stormwater to impact Barton 
Springs and the effects of stormwater on other, more easily and quickly 
measured water quality parameters. 

Pool staff are charged with the safety of pool patrons, which includes 
closing the pool when the water quality is below guideline limits (fecal 
coliform concentrations of greater than 200 colonies/100 ml or visibility 
[turbidity] less than 4.5 feet). Current pool policy also calls for 
closing the pool when there is rainfall of 1 inch or greater in the 
Barton Creek watershed. Barton Springs Pool is regularly closed 
following significant rains (usually greater than 1 inch) due to high 
bacterial concentrations and increased turbidity in stormwater-tainted 
spring discharge. The relationship between rainfall and runoff 
contamination of the springs has been established (see excerpts from 
"Report of the Barton Springs Task Force" in this guidebook). Although 
historical data indicates that it is likely that rains of on inch or 
greater will raise bacterial concentrations above established limits, 
this is not a fool-proof method for protecting the public. 

Data collected in 1991 have shown than fecal coliform concentrations 
resulting from stormwater influence of Barton Springs are significantly 
elevated (>200 colonies/100 ml) within 20 hours of rainfall, generally 
between 11 and 17 hours (see enclosed figure). These effects last from 
40 to 110 hours. The antecedent conditions which give rise to one storm 
effecting the springs but not a similar one are not understood. Also, it 
is not clear where the stormwater that is effecting the springs is 
recharging the aquifer. This water could be either percolating through 
the soil cover, entering from a tributary creek, entering from Barton 
Creek, or Villiamson Creek. 

Flow studies have been made in Barton Creek by the United States 
Geological Survey (USGS) in 1980 and the Barton Springs/Edwards Aquifer 
Conservation District (BS/EACD) in 1991. Results indicate that when 
Barton Creek is flowing and the aquifer water level is high (Barton 
Springs discharging at 70 cubic feet per second or greater), that the 
creek loses flow (recharges the aquifer) up to the big bend area at Gus 
Fruh Park (see enclosed figure). Downstream of this area, Barton Creek 
gains flow. Aquifer water levels measured in a nearby monitoring well 
indicate that the water table during the 1991 study was at about the same 
elevation as the creek bottom just downstream of Gus Fruh Park; the same 
area that the BS/EACD noted an increase in creek flow. 

57 



-.&, 
~ 
~1 
12-183 

0 

9 

8 

7 

6 

5 

4 

:3 

2 

1 t'\...cJ 

E ... 
o 
== '0 
U 

1ij 
() 
CD 
LL 

7 

, 

9 

8 

7 

6 

5 

4_ 

.. 

? 

I"'''' 
9 

" 
7 

"" 

4119 
1-

~ 4/5 
~ 3-

7/30 
1-

5_~ -
6/16 

1-
4 I 

3_ 6/12 
2-

2 

'r- 6/7 
'r- 0.5-

, ... hLl I 

Seml-~rititOc 
3 Cycles % 10 to the Inch 

BARTON SPRINGS, FECAL COLIFORM VS TlME 

Baseflow flowing across 
Barton Creek recharge zone 
for all events except 8/16, 
7/30, 9/2, and 10/29 

r-
8/16 

I' 3.5-14!' t'-
111\ j\ 

9/2 
2-

5/9 
' .5-

" • 11 

If '/ r-.. \ I" • \ 
r-.. ~ ~ 1'. 

6/4 
0'.75-

1 0/29 
1-· 

7/3 
1-

I I .1 I 
I 

'10 '0 ~O 100 
Hours Followina Rain 58 

lilt) 



~~ 
/o£.UV) La e 

\ 
0 ~~()(X) 4 1 {)OO r?+-
1 I I 

FLOW LOSS STUDIES 

USGS 5/80 143.9 cfs I 
(B.S. Flow = 70 cfs) 

BS/EACD 6191 @2 ~ 
(B.S. Flow = 90 cfs) 

{ -
l 

\. 

-" ,-I ,,,,,~~/ 
I ... - _ 

... I _ --' 59 

.~ 
I 



Considering the amount of dilution expected in the Edwards near Barton 
Springs, the volume of stormwater entering the aquifer must be large to 
effect water quality in the springs. For this reason, it is believed 
that stormwater recharging from Barton Creek, where the largest volumes 
are available, is effecting the springs rather than recharge through the 
soil or tributaries. Recharge from Yilliamson Creek in the Sunset Valley 
area, where that creek is closest to Barton Springs, may also 
substantially contribute to this water quality degradation. Geologic 
maps show the main fault along which Barton Springs discharge crosses 
Barton Creek twice in the Gus Fruh Park area. Under creek and aquifer 
conditions that existed in the first half of 1991, this is the closest 
point for recharge in the creek to enter the aquifer and discharge from 
the springs. Because large volumes of ground water are known to migrate 
along this fault, permeability along the fault is also probably very 
high. It is our current assumption that this is the primary recharge 
point for stormwater that impacts the springs. Stop 2 of this field trip 
will examine this area. Based on previous data, the time following 
rainfall, and the assumption that Gus Fruh Park is the critical recharge 
area, hydrologic conductivity along the fault is around 500 feet per hour 
(8 ft/min, or 0.14 ft/sec); extremely highl 

Two studies are being prepared to help clarify the problem of stormwater 
impacts to Barton Springs. The first is intended to determine how long 
it takes following a significant rain for stormwater to effect water 
quality in the springs and how various water quality parameters correlate 
to bacterial concentrations. To do this, samples will be collected from 
Barton Springs hourly following a rain event of probably greater than one 
inch. Samples will be analyzed for fecal coliform, conductivity, 
turbidity, alkalinity, pH, temperature, and total dissolved solids. 
Fecal coliform and turbidity will confirm when stormwater is effecting 
water quality, based on previous data. The other parameters may show 
correlative responses to fecal coliform and turbidity and could hopefully 
be used by pool staff as a quicker test for water quality degradation. 
This would allow pool staff to base closing decisions on more immediate 
data than relying on a 24 hour fecal coliform test. 

The second study is intended to determine travel time in the aquifer from 
a specific segment of Barton Creek to Barton Springs. Dye will be 
introduced either into the creek at the Loop 360 bridge or injected into 
a nearby monitoring well. Grab samples from the springs will show the 
presence or absence of dye. Hopefully, the initial dye slug will be 
detected as well as its persistence in the discharge. The main problem 
is knowing how much dye to use. The tremendous volume of water moving 
toward the springs will dilute the dye at least 2000 times based on 
previous USGS studies. If successful, this study may confirm the 
estimated travel time from this area of the aquifer and Barton Springs. 

These studies will hopefully obtain a better estimate of when stormwater 
effects will hit Barton Springs, and pool staff, using field tests, may 
be able to close the pool before the springs become contaminated and 
reopen as soon as the stormwater effects pass. This would eliminate some 
of the uncertainty in current water quality conditions, unnecessary 
closings, and delays in reopening the pool to swimmers. 
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SUHHARY OF THE BARTON CREEK WATERSHED STUDY 

By L. Steven Stecher and David A. Johns 

Introduction 

The purpose of the study is to provide the technical information needed to 
determine the level of nonpoint source control necessary to insure that the 
water quality of Barton Creek, the Edwards Aquifer, Barton Springs and Town 
Lake is not degraded by future development in the watershed. This study is 
the most sophisticated nonpoint source study ever performed in the state of 
Texas and builds on the City's 15 years of experience in monitoring and 
evaluation of nonpoint source pollution effects and best management 
practices (BMPs). Although the focus of the study is the Barton Creek 
watershed, the refined nonpoint source controls could also be adapted to 
other local watersheds as well as environmentally sensitive watersheds 
throughout the state. 

Importance of Barton Creek 

The very high quality water of Barton Creek supports contact recreation 
along its entire length, which includes several City parks, and provides 
high quality aquatic habitat. Barton Creek also contributes 28% of the 
recharge to the Barton Springs segment of the Edwards Aquifer. Recharge to 
this karst aquifer occurs primarily through solution-enlarged faults, 
fractures and caves along the limestone streambeds. The rapid recharge and 
movement of water along faults and through caverns makes the Edwards 
Aquifer the most susceptible aquifer in the state to pollution from 
stormwater related nonpoint source pollution. Barton Creek has the most 
impact on the water quality of Barton Springs due to the proximity of the 
creek to the springs and the resulting short period of time the recharge is 
retained in the aquifer before it is discharged at the springs. The 
discharge from Barton Springs forms Barton Springs Pool which is a major 
recreational resource. Nonpoint source pollution periodically results in 
temporary closings of the pool. Barton Springs is the principal water 
supply for the City of Austin's Green Water Treatment Plant on Town Lake 
and the flow from Barton Springs supplies up to 80 percent of the total 
flow in Town Lake during the winter months. Historical data also indicate 
that Barton Creek and Barton Springs contribute a significant load of 
nonpoint source pollution to Town Lake, especially nutrients and sediment. 

Need for Further Study 

The City of Austin has performed and participated in numerous nonpoint 
source pollution studies since 1974 including the first Barton Creek 
Watershed Study in 1979 and EPA's Nationwide Urban Runoff Program in 1981. 
The results from these early efforts led to the first implementation of 
nonpoint source (NPS) control ordinances in the state including the Lake 
Austin Watershed Ordinance (1978), the Barton Creek Watershed Ordinance 
(1980) and the Lake Travis Ordinance (1984). The usefulness of the earlier 
studies and the effectiveness of the initial NPS controls were somewhat 
limited by lack of available local data; however, based on the 
recommendations from the earlier studies, the City implemented the most 
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comprehensive NPS monitoring program in the state. This monitoring effort 
included cooperative study efforts with the USGS on nonpoint source 
pollution of Lake Austin, Town Lake, local creeks including Barton Creek, 
the Edwards Aquifer as well as monitoring of the effectiveness of the water 
quality ponds at Barton Creek Square Mall. In 1984, the City also 
implemented its own on-going monitoring program of small watersheds and 
structural controls. To date this program has monitored 9 small watersheds 
and 6 different structural controls. 

In 1986, the City passed the Comprehensive Watersheds Ordinance (CWO). The 
NPS control measures of this ordinance include limitations for impervious 
cover, requirements for water quality buffer zones, protection of critical 
environmental features, limitations on disturbance of natural streams, 
limitations of construction on steep slopes, limitations of cuts and 
fills, limitations on wastewater irrigation, requirements for sedimentation 
and filtration ponds and requirements for temporary and permanent erosion 
controls. The CWO is widely recognized as one of the most effective NPS 
controls in the country; however, due to the complex and highly variable 
nature of NPS pollution and the relatively limited local and national data 
on the effectiveness of NPS controls, the overall effectiveness of the CWO 
in protecting the water quality of a water body such as Barton Creek could 
not be predicted. This limitation has been recognized since the first 
Barton Creek Watershed Study in 1979 as evidenced by the City's on-going 
NPS monitoring and evaluation program. 

Continued public concern for protection of Barton Creek and Barton Springs 
led to a Council resolution in October 1987 directing City staff to analyze 
NPS controls for the Barton Creek watershed and requesting the City's 
Environmental Board to review the analysis and provide recommendations to 
Council. The Council resolution led to the development of the Barton Creek 
Policy Definition Report in March of 1988 and recommendations by the 
Environmental Board in May of 1988 after input from numerous public 
meetings of the Environmental Board. The community's general goal for 
water quality in Barton Creek and Barton Springs was identified as 
non-degradation and a multi-year study was recommended to address the 
technical limitations of existing NPS information related to this ambitious 
goal. Council approved funding for the first year of the Barton Creek 
Watershed Study in September, 1988 and the Environmental Board approved the 
multi-year work plan for the study in January, 1989. 

York Plan Components 

The Barton Creek Watershed Study consists of several components to 
specifically address the current limitations of NPS data and evaluations. 
These components include: 

o Water Quality Modeling - to provide better evaluation of the 
physical and chemical processes of NPS pollution and to allow 
predictive estimates of future impacts on water quality based on 
various future land use and control strategy scenarios. Computer 
modeling of storm water flow has been successfully verified 
against observed storm flow data for Barton Creek. 
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o Stream and Stormwater Monitoring - to provide input to the water 
quality model and to provide technical information on the existing 
and potential impacts of NPS pollution. A Request For 
Qualifications has been published and a review of applicants is 
underway. 

o Buffer Zone Research and Monitoring - to provide local data on the 
effectiveness of buffer zones and to develop design guidelines for 
local conditions. Samples have been collected from twelve storms. 
Analytical parameters include dissolved total phosphorous, total 
phosphorous, dissolved ammonia nitrogen, total ammonia nitrogen, 
dissolved total Kjeldahl nitrogen, dissolved nitrate nitrogen, 
total nitrate nitrogen, dissolved lead, total lead, total 
suspended solids, fecal coliform, and fecal streptococcus. 

o Pollutant Loading Research - to provide additional information on 
the factors that affect NPS pollution loads especially those 
related to vehicle traffic. 

o Wastewater Planning and Monitoring - to evaluate the relationship 
of wastewater disposal to stream water quality including effects 
of wastewater irrigation. 

o Biological and Physical Resource Surveys - to provide basic data 
on aquatic conditions, geology, soils, slope, vegetation, habitat 
and land use. Nine pools have been regularly monitored for a 
year (fall 1990 to fall 1991). Data collected includes total 
suspended solids, volatile suspended solids, ortho-phosphorous 
(P04-P), ammonia nitrogen (NH3-N), turbidity, temperature, 
conductivity, dissolved oxygen, pH, and total dissolved solids. 
Observations are also made on algal growth, macroinvertebrates, 
other aquatic life, pool volume, and flow. Data on total organic 
carbon and total nitrogen will also be included due to recent 
passage of the Non-Degradation Ordinance by the Austin City 
Council. 

Monitoring Pool Characteristics 

All monitoring pools are located on the main stem of Barton Creek from near 
the headwaters to the recharge zone. Geologically, the pools are within 
the Glen Rose Formation and surrounded by terrace and/or recent alluvial 
sediments. Pools were identified and selected for use in the fall of 1990, 
a dry water year. During this period, flow in some areas of Barton Creek 
was limited to underflow, water flowing beneath the creek bed within 
alluvial sediments. Pools were found in natural low areas, scour pools, 
interbar zones, or bedrock areas where underflow surfaced. Pool water was 
maintained by underflow or, in some cases, by seeps and springs. Selecting 
pools during this dry period assured that these pools would be perennial. 

Stark - Uppermost study pool in watershed. Creek is in a broad shallow 
valley. Pool depth is uniformly less than 2 feet. Pool bottom is 
mostly bedrock and fine sediment. Tree cover over pool is high. A 
cattle ranch is immediately upstream. This pool exhibits less impact 
from flooding. 
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Fitzhugh - Creek is in broad shallow valley. Pool has one bank of 
recent alluvium 10 to 12 feet high that contains several seeps and a 
low bank consisting of soil covering a thick gravel bar. Depth varies 
from less than 1 foot to 4 feet. Pool bottom is mostly gravel and fine 
sediment. Tree cover over pool is high. Site is downstream of a 
county road and several large-lot homes on septic systems. Local 
erosion may be significant. 

Shield - Creek is in a moderately deep valley. The pool has 3 to 6 
foot banks consisting of a thick gravel bar on one side and recent 
alluvium on the other. The gravel bank may remobilize during large 
floods. Pool depth varies from 1 to 4 feet. Pool bottom is mostly 
gravel. Tree cover over pool is low. The site in located in a large 
cattle ranch. 

Paisano - Creek is in a moderately deep valley. Pool has one bank 10 
feet high consisting of recent alluvium with numerous seeps and 
limestone bedrock and another lower bank of recent alluvium and 
possibly terrace sediments. Pool depth varies from 1 to 4 feet. Pool 
bottom is mostly gravel. Tree cover over pool is moderate. The site 
is in a former ranch. 

Hwy 71 - Creek is in a broad opening in a moderately deep valley. Pool 
has one high bank of recent alluvium and a thick gravel bar on the 
other. The gravel bank may remobilize during large floods. Pool depth 
varies from 1 to 2 feet. Pool bottom is mostly bedrock and gravel. 
Tree cover over pool is high. Site is downstream of confluence with 
Little Barton Creek. Local erosion may be significant. 

Ogletree - Creek is in a deep canyon at the point. Pool has a thick 
gravel bar on one bank and consolidated terrace deposits with seeps on 
the other. The gravel bank may remobilize during large floods. Pool 
depth varies from less than 1 foot to 4 feet. Pool bottom is mostly 
gravel. Tree cover over pool is low. Site is downstream of several 
subdivisions with large-lot homes on septic systems. 

L. Johnson - Creek is in a deep canyon. Pool has 4 foot banks of 
recent alluvium. Pool depth is less than 1 foot to 2 feet. Pool 
bottom is mostly bedrock. Tree cover over pool is low. Site is in a 
cattle ranch and downstream of 2 golf courses and several subdivisions 
with large-lot homes on septic systems. 

Lost Creek - Creek is in a deep canyon. Pool has a thick gravel bar on 
one bank and a limestone cliff on the other. Several springs discharge 
from alluvium immediately upstream of the pool. Pool depth is 2 to 4 
feet. Pool bottom is mostly bedrock and fine sediment. Tree cover 
over pool is moderate. Area is downstream of a road, several golf 
courses, and a moderate-density subdivision without stormwater runoff 
controls (Lost Creek). 

Recharge - Lowermost study pool in watershed. Creek is in a deep 
canyon. Pool has 2 to 3 foot banks of recent alluvium and is 
immediately upstream of the beginning of the Edwards Aquifer Recharge 
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Zone. Pool depth is 1 to 5 feet. Pool bottom is mostly gravel and 
fine sediment. Tree cover over pool is moderate. Site is within the 
Barton Creek greenbelt and downstream of the Lost Creek subdivision. 

The five years required by the study is due to the need to collect 
stormwater data over several years, the complex nature of the 
state-of-the-art work, the ambitious goal of non-degradation and budget 
limitations. The results of the study will help provide the technical 
basis for future decisions with respect to protection of the water quality 
of Barton Creek and Barton Springs. 
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IMPACTS OF WATERSHED URBANIZATION ON STREAM BIOTA 

Nancy L. McClintock 

Impacts of urbanization on the physical and chemical characteristics of streams may 
result in dramatic alterations to stream biota. Fish, aquatic invertebrates,l and plant 
and algae populations respond in complex and varying fashion to the nutrient 
enrichment, toxic contamination, changes in flow patterns, and increased 
sedimentation rates which have historically accompanied intense development. 
The following discussion will describe those characteristics of urbanization which 
most affect the biota, and summarize typical responses. 

1) Organic enrichment as a result of nutrient additions is a common effect of 
urbanization, even in the absence of direct discharges from wastewater treatment 
plants. Faulty septic systems, leaky sewer lines, and system overflows are frequent 
contributors of nutrients to stream systems, as are lawn fertilizers and pet feces. Not 
only are nutrient additions greater in developed watersheds, but the ability of 
developed watersheds to assimilate and buffer nutrients is severely impaired if the 
land is deforested and vegetated stream buffers are not preserved. 

Although the impact of organic enrichment to a stream system may be great, it is 
not as well understood, nor is it likely to be as severe as the impacts to pond or lake 
systems, which have no "flushing" ability. Some algae and diatom growth is 
natural and desired in any aquatic system. However, the amount of growth may 
increase dramatically in an enriched stream, blooms may occur more frequently, 
and the type of algae occurring may change. Long strands of filamentous algae such 
as Spyrogyra, and floating mats of green Cladophora may become more common. In 
summer, low flow conditions, these changes will commonly occur in perennial 
pools as they warm up and become stagnant. Rooted aquatic plants may also 
become more abundant and more lush as nutrients accumulate in the sediments. 

In pristine streams, both aquatic invertebrates and fish communities are typically 
highly "diverse" - that is, they consist of many different types, or species, with 
numbers of individuals split relatively evenly amongst the species. In streams 
which experience heavy nutrient additions as a result of urbanization, diversity is 
typically lower. (Although in headwater areas of pristine streams which can be 
naturally nutrient poor, moderate nutrient additions may actually increase diversity 
as the food base is increased.) "Richness" or the numbers of different species, 

IThe aquatic invertebrates are a large assemblage which includes larval stages of some insects, such as 
true flies, mayflies, stoneflies, caddisflies, beetles, dragonflies, and damselflies, as well as some 
species which spend their entire life cycle in the water, such as leeches, clams, scudders, and aquatic 
worms. 
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decreases as sensitive species drop out, and "abundance", or the total number of 
individuals, increases as tolerant species become superabundant. 

Species composition amongst the invertebrates may become dominated by such 
tolerant species as midge larvae, worms, snails, dragonfly and damselfly larvae. 
Mayfly, stonefly, and caddisfly larvae may become rare. In Central Texas Plateau 
Region streams, the fish community may become dominated by tolerant species 
such as red shiners, carp, and green sunfish. Sensitive species such as orange
throated darters, green-throated darters, mimic shiners, and round-nosed minnows 
will become rare or absent. (Roy Kleinsasser, TPWD, pers. comm.) In addition, fish 
kills may occur in perennial pools during high temperature, low to no flow periods 
as increased algae growth and subsequent decay causes drastic drops in dissolved 
oxygen levels. 

2) Toxic pollutants typically increase in streams of highly developed watersheds. 
Even in the absence of industrial activity, accumulations of heavy metals in water 
and sediments may result from automobile bypro ducts and roadway runoff; 
pesticide and herbicide use may result in toxic organic chemical contamination. 
Again, pollution from these sources tends to affect standing waterbodies more than 
flowing waterways, which have the potential to essentially flush water and 
sediments. Although high concentrations of pesticides or herbicides may cause 
obvious die-backs of aquatic vegetation, and invertebrate and fish kills, many of the 
effects of toxic pollutants on biota are subtle, difficult to detect, and poorly 
understood. Chronic effects of increased toxic pollution in fish include decreased 
fertility, increased mortality, erratic behavior patterns, and the presence of tumors or 
other physical abnormalities. Richness may decrease as well as abundance. 
Sensitive fish species (see above) become rare, and tolerant species predominate. 
The effects of toxic pollution on aquatic invertebrates are not as well known. 
However, it is documented that abundance and richness decrease with increases in 
heavy metal and toxic organics. 

3) Increases in impervious cover with increasing urbanization may result in several 
changes in flow characteristics of streams. Typically, a greater proportion of rainfall 
is discharged from the watershed as runoff, and discharged more rapidly than in 
undeveloped watersheds. The result is an increase in the volume and frequency of 
flood flows and a decrease in low flow volume during non-storm conditions 
(baseflow). Decreased baseflow increases the likelihood of the stream going dry and 
of increasing water temperatures. Increased flood flows also increase scouring and 
erosion within the stream channel itself. 

Responses in the algae population to these impacts are various. Although frequent 
scouring events may keep filamentous algae and diatom mats from reaching 
maximum growth, algae tends to increase in slower moving, warmer water which 
would result from the decreases in baseflow. The increased disturbance of frequent 
floods has been shown to be a detrimental impact to fish and invertebrates, causing 
decreases in diversity and abundance, both from literally being destroyed by moving 
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rubble in the flood, and by habitat loss due to scour. The increased likelihood of the 
stream going dry and high water temperatures resulting from low flow and pooling 
both represent life-threatening hazards to fish and invertebrates. 

4) Increased sedimentation rates occur in streams of urbanized watersheds due to 
construction disturbance, to altered runoff constituents, and to the channel erosion 
caused by more frequent flooding. Concentrations of suspended solids in runoff 
have been directly correlated with the degree of urbanization in the watershed. 

Those attached algae species which are adapted to silty substrates will proliferate 
over those adapted to rocky or hard substrates in areas of heavy sedimentation. 
Diatoms and various green algas will commonly form thick mats in association 
with silt and sediments. Large build-ups of sediment may also provide adequate 
substrate for rooted aquatic plants that were previously unable to take hold. 

Sedimentation may severely alter the community of aquatic invertebrates, since 
many species are adapted to adhere closely to hard substrates, scraping algae for a 
living. Others have gills in ventral positions which are easily fouled by sediment. 
The interstitial spaces between and under rocks are primary feeding sites and refuges 
from predators for stream invertebrates, and the filling in of these spaces with 
sediment eliminates a critical element of their habitat. There are groups and species 
within groups which are adapted for silty conditions and which tend to 
predominate in urbanized streams. However, in general, the fauna of stony streams 
is richer both in diversity and numbers than silty streams. Habitat for many fish 
species is likewise destroyed by sedimentation. Interstitial spaces between rocks are 
significant to fish both as places to search for prey, and as places to hide from larger 
predators. In addition, productivity of fish species which lay their eggs in gravel 
beds may be severely decreased by sedimentation. If, due to heavy silt loads, oxygen 
can no longer travel freely through the gravel, eggs will effectively smother. In 
urbanized streams, habitat loss due to siltation is exacerbated by loss of cover for 
both fish and invertebrates if streambank vegetation is removed or reduced. 

Monitoring the biota ("bioassessment") has long been recognized as an excellent 
method of assessing impacts on streams. Whereas analyzing for the chemical 
constituents in a stream sample gives an instantaneous picture of water quality, the 
characteristics of the biota may reflect long-term chemical water quality conditions, 
habitat degradation, and sub-lethal impacts on populations. Aquatic invertebrates 
in particular are thought to be useful for assessing impact because: 1) being relatively 
non-motile, their community reflects conditions in the immediate sampling 
vicinity and 2) having a life span of several months to a few years, their community 
reflects conditions in the recent past, as well as sporadic events in the more distant 
past. Until recently, the technical expertise and expense required for the 
identification and analysis of biological data has prohibited the widespread use by 
governmental entities of biological monitoring as an indicator of water quality. 
However, in 1989, the U.S. Environmental Protection Agency (USEPA) completed a 
document, "Rapid Bioassessment Protocols for Use in Streams and Rivers", which 
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standardizes and streamlines biological monitoring techniques. These protocols 
provide cost-effective approaches to integrate biological information into strategies 
for planning and managing watershed development. As States gradually add 
biological criteria to State water quality standards, (due to heavy encouragement 
from the USEP A), bioassessments will proliferate, and the impacts of urbanization 
on the biota should become increasingly clear. 

70 



CITIZEN VATER QUALITY MONITORING PROGRAM FOR THE TOVN LAKE VATERSBED 

G. Michael Lyday 

INTRODUCTION 

Citizen monitoring of Town Lake and the streams which feed it is one of 
the most effective and economical methods of surveying this large 
watershed for sites which may be heavily polluted. Involving citizens in 
monitoring not only provides data but also educates people about the 
concept of nonpoint source pollution. Nonpoint source pollution results 
from small releases of insecticides, fertilizers, automobile oils and 
emissions, heavy metals from paints and brake linings, animal wastes, 
septic and wastewater sewage leaks, trash, and irresponsible chemical 
disposal practices. Yhen it rains all these pollutants from our streets, 
roofs, and lawns are washed into stormwater sewers, then to our urban 
creeks, then to Town Lake from which we draw a portion of the City's 
drinking water. Because everyone has been part of the problem, everyone 
must now be part of the solution. Yith the help of a Clean Lakes Grant 
from the EPA, Austin's Environmental and Conservation Services Department 
has developed a citizen monitoring program that enlists a wide range of 
support in the detection and clean-up of nonpoint source pollution. 

Two national conferences have been held to promote citizen water quality 
monitoring programs. These programs are currently developing nationwide 
and are recognized and encouraged by the EPA as one of the most effective 
ways of combating nonpoint source pollution. During the first conference 
at the The University of Rhode Island, the City of Austin's Environmental 
Department reported three of its established programs: 1) Household 
Chemical Collection Day, 2) Voluntary Vehicle Emissions Testing, and 3) 
The Environmental Hot Line for citizen watchdogging. Austin · also 
announced plans to expand the volunteer program to include water quality 
monitoring. During the second national conference in New Orleans it was 
recommended that citizen monitoring programs collect data to develop 
baseline studies and identify long-term trends for use in management 
decisions and for future research. 

OBJECTIVES 

The City's Environmental and Conservation Services Department (ECSD) has 
developed a citizen monitoring program that is well organized, equipped, 
and managed. Meaningful water quality data for numerous sites along our 
urban creeks can be used to help pinpoint problem areas in our watershed. 
To assure quality results, team leaders experienced in scientific 
procedure have been recruited by interfacing our program with science 
classes of Austin Community College and Austin High Schools. The 
community college brings to the program a broad spectrum of citizenry and 
college instructors with a variety of expertise including knowledge of 
organic chemistry, macroinvertebrates, geology, botany, and statistical 
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analysis. A merger of academia and citizenship is just the kind of 
partnership that will lead to the "consciousness raising" necessary to 
attack nonpoint source pollution. The students benefit enormously by 
working on a "real world" project instead of artifical lab exercises, and 
may perhaps be more encouraged to pursue environmental careers or 
volunteer work. Some have already been hired by the City's Water and 
Wastewater utility. 

ECSD's Town Lake monitoring program is closely coordinated with the 
Colorado River Watch Network of the Clear Clean Colorado (CCC) River 
Association which is primarily supported by the Lower Colorado River 
Authority (LCRA). In fact, the City's basic program was modeled after 
CCC's program, and CCC staff have continued to provide tremendous 
technical assistance to ECSD. 

The data collected in this project will be used in determining seasonal 
and temporal trends and evaluating the water quality status of tributaries 
to Town Lake. Comparisons can then be made between these sites, Town Lake 
sites, and points on the lower and upper Colorado River studied by others 
involved with the CCC. This program creates an opportunity for science 
students to learn basic scientific procedures for water quality 
monitoring, to gain an appreciation for their own local watershed, and to 
integrate their results into a larger long term study. 

Other related objectives include visual monitoring of streams for bank 
erosion, algal blooms, foul odors, fish kills, illegal dumping, animal 
wastes, storm sewer mapping and analysis, trash inventory and clean-up 
projects, and providing information on watershed land use. 

Evaluation of the data is performed by ECSD staff in conjunction with the 
CCC. Graphic representation of this data is produced and shown to teams 
on a regular basis. Data significance, proposals for monitoring 
modifications, and continuing research suggestions are all subjects of 
discussion at regular team meetings. A final report of all citizen 
monitoring data, efforts, and future recommendations will be written for 
the EPA towards the end of the grant period. 

STUDY AREA AND SITE SELECTION 

Town Lake is a 202 hectare reservoir formed by Longhorn Dam, located 
within the City of Austin in Travis County, Texas. Its watershed is 
drained by nine creeks: Blunn, Shoal, Barton, Johnson, Dry, Harper's 
Branch, East and West Bouldin, and ValIer (see attached watershed map). 
The shore of Town Lake consists of 329 hectares of parkland, and several 
greenbelt parks are incorporated into the nine creeks feeding the lake. 
The remainder of the shoreline and watershed is covered by a relatively 
dense mixture of residential and commercial property. 

Monitoring points on the nine urban creeks include small pools at the 
headwaters, mid course, and mouths of each system. Other points of 
interest are storm sewer outfalls emptying into the creeks and problem 
areas along the streams recognized by algal blooms, discoloration, or 
odor. City staff located three accessible and strategic monitoring points 
on each creek and Town Lake itself for teams. Other sampling points of 
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interest can be targeted as the program unfolds. 

MONITORING PARAMETERS AND EQUIPMENT 

The water quality of Town Lake and its watershed is monitored using the 
same methods as the Clear Clean Colorado organization employs to monitor 
various areas up and down the Colorado River. Using Field Manual for 
Yater Quality Monitoring by Mitchell and Stapp as a reference, a wide 
variety of basic biological, chemical, and analytical principals and 
techniques are employed to guide a team of students in the understanding 
of how their lakes and streams are affected by pollution. This manual 
recommends using nine water quality parameters, setting points on streams 
to be tested, seasonal comparison, comparison of different streams during 
similar periods of time, and determining sources of pollution entering 
streams from storm drains. The nine parameters are quantified and 
assigned importance values for the National Sanitation Foundation's Yater 
Quality Index. This allows conversion of raw data into an overall water 
quality , value for a point on a stream. Students can construct 
computerized graph results of stream data on the Apple Macintosh. 

The nine parameters to be tested for the National Sanitation Foundation's 
Yater Quality index in order of importance are as follows: dissolved 
oxygen, fecal coliform, pH, biochemical oxygen demand, temperature, total 
phosphorus, nitrates, turbidity, 'and total solids. Ye have added three 
other parameters for additional information: a total dissolved solids 
test to give'a general indication of dissolved chemicals in the water, a 
fecal streptococcus analysis to differentiate fecal matter as human or 
animal, and an ammonia test to detect sanitary sewage leaks. The manual 
recommends using HACH kits or their equivalent to test water quality 
parameters; ' a whole set of testing equipment can be purchased for under 
$700.00. Initially five sets of kits were necessary to get this program 
started: one for each of the three ACC campuses, one to sponsor Travis 
High School, and one for the City Environmental Planning Division to use 
for training and special stormwater monitoring projects. Schools provide 
such equipment as analytical balances, incubators, ovens, and standard 
laboratory facilities. 

In addition to monitoring for our regular parameters, we hope to involve 
students in use of atomic absorption spectrometry for analysis of heavy 
metals and gas chromatography for detection of specific pesticides and 
total organic carbons (street oils) ~ This equipment is already available 
at ACC, but additional hardware may be required for analysis of particular 
metals and compounds of interest in the Town Lake Study. Some special 
projects of interest requ~r~ng this equipment include an analysis of 
sediments at the mouth of each creek feeding Town Lake, an analysis of 
water at the mouth of each creek following a storm event, and further 
analysis of fish tissue coming from Town Lake. These analyses are very 
costly if contracted out to a professional lab, but would be relatively 
inexpensive if accomplished by students under the direction of a qualified 
instructor. Yhen high levels of pollutants are discovered through this 
screening process by students, quality control can be assured by sending 
duplicate samples to a professional lab for analysis. 
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Other studies which are encouraged as a part of citizen monitoring are 
surveys of benthic macroinvertebrates, vegetation, geology and land use 
of each stream system. The most significant sampling a team can do 
besides monitoring their site at a scheduled time is to be ready to 
monitor their site during a storm event. This stormwater monitoring will 
provide valuable data concerning pollutant loading of Town Lake during and 
following rain events. 

PROGRESS REPORT 

On April 10, 1990, in coordination with Earth Day 1990, teams monitored 
the mouths of all nine streams feeding Town Lake and three points on Town 
Lake itself (See attached discussion and graphs). Channel 24 News (Earth 
Watch Segment) covered this event, and it aired April 10th and 11th. 

On June 6, 1990 teams monitored the mouth and midreach of all streams and 
three points on Town Lake (data is currently being processed for this 
event). Channel 36 News covered this event, and it aired that night. 

Storm sewer out falls are in the process of being mapped and discharge from 
these out falls is being analyzed. Travis High students discovered a 
suspicious sewer outfall on Blunn Creek with high fecal coliform counts. 
ACC reported foul gaseous odors at a particular location on Dry Creek, and 
this report led to an investigation by Austin's Environmental and 
Conservation Services Department and the Texas Water Commission. A gas 
leak was discovered at nearby service station. 

A macroinvertebrate inventory is ongoing for several streams under the 
direction of Dr. Steve Ziser, biology professor at ACC. Dr. Ziser leads 
volunteers up urban creeks on Tuesday mornings to assess the biological 
health of each stream by the identification of benthic macroinvertebrates. 

Teams go out the first Friday of every month to do work on their assigned 
streams and several teams have monitored storm events. Simultaneous 
monitoring events are planned every three months, and a planning meeting 
is scheduled prior to each of these events. 

A recent addition to our citizen participation is a team from the Austin 
Rowing Club, some of the most frequent users of Town Lake. They have 
agreed to monitor the midreach of Town Lake from boats on a weekly basis. 

POTENTIAL 

With a relatively small investment, this program has attracted and 
enlisted the help of ACC, CCC, AlSD, and the Austin Rowing Club. Hundreds 
of citizens have already been involved in water quality monitoring, -many 
students are receiving valuable training in scientific procedure, and our 
teachers have embraced the program and made it a part of their curriculum. 
The enthusiasm is definitely there for expansion of this program within 
each of the above mentioned institutions and with other citizen groups as 
well. The City's Environmental and Conservation Services Department is 
committed to organizing a "state of the art" citizen monitoring program, 
because we believe that solving the problem nf nonpoint source pollution 
requires a tremendous amount of public involvement. 
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MONITORING POI~7S FOR THE TOVN LAKE VATERSHED 

'IlALLER CREEK . 

MOUTH: Behind the Ironworks BBQ, 1st and Red River 

MIDREACH: Hancock Golf Course,'- 38 th and Peck 

HEADVATERS: Reilly Elementary School, Densop and Chesterfield 

SHOAL CREEK. 

MOUTH: Vest of 2nd and Nueces, park car on 1st street by hike and bike trail 
where Shoal Creek empties into Town Lake and walk upstream to cement 
stairs across from the Seaholm City water treatment/power plant. Sample 
upstream of metal weir.-------

MIDREACH ¥-1: 12th and Shoal Creek (sewer outfall) 

MIDREACH i2: City Park at Shoal Creek and Twin Oak (sever upsteam near bridge) 

HEADVATERS: 8900 Shoal Creek and Mossrock 

JOHNSON CREEK. 

MOUTH: Near Tennis Courts of Austin High, Under MoPac 

MIDREACH: Tarrytown Park, 2500 Vinstead Ln. 

BLUNN 

MOUTH: Magic Time Machine, 500 E. Riverside, near Riverside Bridge 

MIDREACH: Big Stacey Park, 1700 Sunset (sewer outfall) 

HEADVATERS: Blunn Creek Nature Preserve (hike down main trail to side trail on 
right to creek) 

E. BOULDIN 

MOUTH: Vacant Lot at Nevning and 301 E. Riverside 

MIDREACH: Greenbelt at dead end of James Street 

HEADVATERS: 126 Alpine (do~~stream of bridge) 

V. BOULDIN 

MOUTH: 1000 Vest Riverside Dr. between Lee Barton Dr. & Dawson Rd. 

MIDREACH: Rid~y Guerrero Park, Brodie and 2000 S. 6th 

HEADwATERS: Banister Ln. and Mopac RR 
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HARPER'S BRANCH 

MOUTH: I 35 Riverside Ouarters"Apt~. (Culvert) 

DRY (EANES and BEE CREEKS) 

MOUTH: Near Austin Nature Center Park (Stratford west of MoPac) Sample on S. 
side of bridge '" 

HEADVATERS: Natural spring located near intersection of Loop 360 and Bee Caves 
Road. 

BARTON 

MOUTH: Zilker Park just below Barton Springs poo~ (between the pool and Barton 
Springs Road. 

MIDREACH ¥-1: Greenbelt entrance at Loop.360 and Barton Creek. 

MIDREACH *2: Just dovnstream of Lost Creek Sewage Package Treatment Plant and 
Lost Creek Golf Course (near greenbelt off Lost Creek Blvd. and 
Bend 0 River Dr.) 

TO\ffi LAKE 

MOUTE: Small park area just south of Longhorn Dam off Pleasant Valley Road. 

HEADVATERS: Red Bud Isle just below Tom Miller Dam off Red Bud Trail. 
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TOVN LAKE VATERSBED MONITORING DATA 

GENERAL INFORMATION 

MONITORING POINT: DATE and TIME: _______ _ 
LAST " RAINFALL AND---,AM'"'"O,..,.U""'NT=-:------- MONITOR TEAM: _______ _ 
FLOY (CFS, base flow, storm event): ___________________ _ 

VATER QUALITY PARAMETERS 

L TEMPERATURE (read thermometer in degrees C): AIR __ 

2. pH (read pH meter): 

3. TOTAL DISSOLVED SOLIDS (read meter X 13): 

CONDUCTIVITY (TDS / 0.65): 

4. DISSOLVED OXYGEN (# drops of titrant): 

r. S.= [(Vater Temp. X 0.208111) + 6.76033] X D.O. 

5. BIOCHEMICAL OXYGEN DEMAND: 
(5 day dark bottle D.O. - original D.O.) 

6. TOTAL SOLIDS (weigh beaker, evaporate 200 ml) 
(> in wt. X 1,000,000 / 200 ml of sample): 

TOTAL SUSPENDED SOLIDS (weigh new filter, filter 
200 ml, dry & weigh filter)(>wt.X1,000,000/200ml): 

7. AMMONIA as NITROGEN (NH3 N) (read colorimeter): 

AMMONIA as NH3 (NH3 N X 1.2): 

8. NITRATE as NITROGEN (N03 N) (read colorimeter): 

NITRATE as N03 (N03 N X 4.4): 

9. ORTHO PHOSPHATE (P04) (read colorimeter / 50): 

ORTHO P~~SPHATE"as PHOSPHORUS (P) (ORTHO P04 / 3) 

10. FECAL COLIFORM (colonies/100ml): 
(pipette 10ml & incubate at 44.5 C) (mUltiply X 10) 

11. Turbidity (Secchi or NTU)(meters X 3.28 • ft.): 

C, VATER C 

pH urll ts 

mg/L TDS 

conductivity 

mg/L D.O. 

r. saturation 

mg/L BOD 

mg/L TS 

mg/L TSS 

mg/L NH3 N 

mg/L NH3 

mg/L N03 N 

mg/L N03 

mg/L P04 

mg/L P 

col. /lOOml 

ft. or NTU 

12. BIOASSESSMENT: BENTHIC MACROINVERTEBRATES UNDER ROCKS (circle if 
identified): LARVAE (Caddisfly, Cranefly, Midge, Beetle), NYMPHS (Stonefly, 
Mayfly, Damselfly, Dragonfly), AQUATIC YORMS, CRAYFISH, SOY BUGS, LEECHES, 
CLAMS, SCUDS, SNAILS, MOSQUITO LARVAE, OTHER --------------
ALGAE, SEVAGE BACTERIA, DISCOLORATION, ODOR ----------------
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VATCHDOGGING NONPOINT SOURCE VATER POLLUTION 

There is a growing movement across the country of citizens who wish to 
take part in the stewardship of their environment. Students from Austin 
Community College, St. Edwards University, Austin Independent School 
District, and citizens in the Austin Rowing Club are involved in a two 
year monitoring project of nonpoint source pollution within the Town Lake 
Vatershed. 

Nonpoint source pollution is, in simple terms, stormwater runoff which 
carries oil, detergents, and litter off the streets, fertilizers and 
insecticides from lawns, parks, and golf courses, sediment from 
construction excavation, and bacteria from animals and leaking sanitary 
sewers. The name nonpoint pollution indicates that there is no large, 
single point of discharge like a coal fire power plant or sanitary sewer 
treatment plant, but thousands of points of discharge of which every 
citizen contributes. 

There are several reasons to use students and other citizens to monitor 
the environment. First of all, the area that needs monitoring is simply 
too large for the staff of government agencies to cover. Second, the 
problem of nonpoint source pollution is caused by everyone, so the more 
people are involved, the more aware the public is of the problem. Student 
monitors not only help increase awareness by their activities, but also 
gain knowledge of scientific procedures required to watchdog water 
pollution. Finally, the data generated by such programs indicates the 
condition of water quality over long periods of time, and helps government 
officials make decisions on such issues as development policies and best 
management practices to insure no degradation of the environment. 

Ve have grown used to depending on government to monitor and solve 
pollution problems related to point source pollution offenders, and this 
is appropriate when dealing with large factories and plants. However, 
with nonpoint pollution we are dealing with ourselves, and it is 
appropriate for us to monitor our environment for the pollution which we 
generate. Ultimately, only changes in life style can solve this huge 
urban problem. My hat is off to all those students and other citizens who 
are concerned enough to be stewards of their own natural resources. 

Mike Lyday 
Environmental Specialist 
Environmental and Conservation Services Department 
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THE TOVN LAKE VATERSHED VATCHDOG REPORT 

Time passes fast when you are having fun. Yes, volunteers have been 
getting their feet wet for over a year studying the water quality of the 
nine creeks which feed Town Lake and the lake itself. This effort has 
been funded in part by a Clean Lakes Grant from the Federal EPA, and 
managed by Austin's Environmental and Conservation Services Department. 
Volunteers include staff and students from Austin Community College, St. 
Edward's University, U.T.'s Biology Honor Society, the Austin Rowing Club 
and AISD. 

After crunching data from our first outing of April 10th, 1990 until the 
present, we can begin to analyze the water quality of Town Lake and our 
urban streams. By weighting each analyzed parameter for importance and 
adding them up, a water quality index number is generated for each stream 
and three points on Town Lake (see INDEX bar graph). Out of a maximum 
score of 100, our nine stream and three lake points ranged from 67.72 at 
Vest Bouldin Creek to 82.73 at Red Bud Isle at the head of Town Lake. Red 
Bud's high ranking may be due to its location above the mouths of all 
urban creeks and below a cl 

The stream recording the best quality water for 1990 is Barton Creek with 
an indice of 78.38. This reinforces the City's previous research which 
links better water quality with less urbanization. The Barton Creek 
watershed is as big as all other stream watersheds contributing to Town 
Lake combined. This is why it is so important to protect Barton Creek 
from degredation. If Barton Creek is developed like other urban 
watersheds it will also degenerate to their level. Blunn Creek recorded 
an indice almost as high as that of Barton Creek, possibly because this 
stream has been saved from increased degredation by incorporating a large 
natural preserve along its banks. 

The other seven creeks and two points on the lake all recorded similar 
indices between 67.72 and 74.1. Higher levels of fecal coliform, 
nutrients, and solids contributed to their relative demise. Johnson Creek 
averaged the highest fecal coliform level of 3,926 colonies/100ml; Barton 
Springs is closed whenever colonies reach levels over 200 colonies/100ml. 
Vest Bouldin recorded the highest total dissovled solids, averaging 445 
ppm. The Texas Vater Commission recommends that surface waters not exceed 
400 ppm. 

In the future we hope to concentrate more on the bioassessment (diversity 
of stream benthic macroinvertebrates) as well as the chemical assessment 
of each stream. Based on chemical parameters, Town Lake monitors have 
come a long way towards determining the overall water quality during b~se 
flow for all streams draining into Town Lake. However, there is strong 
evidence to support the hypothesis that a bioassessment of a stream will 
indicate degredation when chemical assessments do not. Ve have seen seen 
chemical data jump from high to low at the same monitoring point. The 
only way we can know how our streams have been impacted over the long run 
is to see what types of critters care to live there anymore . Evan Hornig 
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of the Federal EPA plans to teach a benthic macroinvertebrate seminar to 
interested monitors between the summer and fall semester of 1991. Steve 
Ziser, Chairman of Austin Community College Math/Science Department, has 
generously offered to host this valuable five days of training at the 
ACC/Riverside campus. 

Looking ahead, Town Lake Vatershed monitors are interested in working on a 
number of goals. First, we want to monitor more storm events. Vater 
samples must be collected after the first half inch of rain fall to insure 
capturing the "first flush" of pollutants. Storm sewer mapping is another 
high priority. The National Pollution Discharge Elimination System 
(NPDES) is a federal program designed to monitor the pollution discharge 
from storm sewers. Our monitors can be a big help by mapping these 
sewers, identifying the sewers running during dry weather, and monitoring 
the quality of discharged water. Ve are also interested algal growth and 
its correlation to nutrient enrichment from nonpoint source pollution. 
Another study of stream bank erosion and erosion resistant plants is 
necessary to determine where biorevetment can be used to reclaim the bank. 
Biorevetment is the process of revegetating eroded stream banks with 
erosion resistant plants. Finally, a photoessay of our urban creeks 
would be helpful to document the pristine to the putred. Ve have a number 
of dedicated leaders in our program, and the City's Environmental and 
Conservation Services Department is planning to help sponsor these 
individuals in accomplishing these goals. 
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Annual Report For Town Lake Watershed 
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SUMMARY OF STRENGTHENING PROVISIONS 
OF THE 

BARTON SPRINGS ZONE AMENDMENTS 
TO THE 

COMPREHENSIVE WATERSHEDS ORDINANCE 
October 1991 

MAJOR ELEMENTS 

The strengthening provisions build upon the basic provisions of the 1986 
Comprehensive Watersheds Ordinance (CWO) by using a mix of structural and non
structural pollution control strategies. The major elements of the strengthening 
provisions are: 

1. Control of Selected Pollutant Concentrations 
a. Total suspended solids 
b. Total phosphorous 
c. Total nitrogen 
d. Total organic carbon 

2. Capture Increased Flow 

3. Non-discharge of first 1/4" runoff in Barton Creek watershed 

4. Pollution Reduction Measures 

5. Impervious Cover Limits 

6. Improved Sedimentation and Erosion Control 

7. Monitoring and Maintenance Inspection 

8. Reduces Number of Exempt Properties 

CONTROL OF POLLUTANT CONCENTRATIONS 

The 1986 CWO required structural controls to meet a specific standard design for 
sedimentation-filtration ponds. The strengthening provisions require that the controls 
be designed to meet a maximum discharge concentration based on the water quality 
of Barton Creek at Highway 71. This provision will encourage innovative designs that 
provide greater pollutant reductions as well as provide an incentive to use pollution 
reduction methods on-site. The significant aspects of this provision include: 

• Requires meeting maximum discharge concentrations for the target pollutant 
parameters: 

a. 
b. 
c. 
d. 

Total suspended solids 
Total phosphorous 
Total nitrogen 
Total organic carbon 
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• The pollutants were chosen because: 
1) Creek water quality data was available; 
2) Pollutant removal by water quality controls is available; and, 
3) They represent the different types of pollutants that need to be controlled. 

• The maximum discharge concentrations are based on the USGS data at 
Highway 71 using flow weighted values. This site was selected since it was the 
only site in the Barton Springs Zone that had a fair amount of baseflow and 
stormflow data and that is relatively undeveloped over most of the drainage area. 

CAPTURE INCREASED FLOW 

The strengthening provisions requires increased capture volumes of stormwater to be 
treated related to the increase in impervious cover. This provision: 

• Requires increased capture volume for water quality controls relative to 
impervious cover. For 20% impervious cover 1/2 capture volume is required with 
an increase of 0.1 inch for every addition 10% impervious cover, i.e. 1.0 inch at 
70% impervious cover. 

• Results in higher levels of pollutant load that is treated for the increased runoff 
from the impervious cover. 

NO DISCHARGE FOR FIRST 1/4 INCH IN BARTON CREEK WATERSHED 

To provide additional protection for Barton Creek, the strengthening provisions include 
a no discharge provision only for Barton Creek that: 

• Requires complete capture and retention of the first 1/4 inch of runoff to protect 
Barton Creek from the smaller more frequent storms that would significantly 
impact the creek quality when there is not a major storm over the watershed. 

• Results in a significant reduction in pollutant load to the Barton Creek since a 
large percentage of the total annual pollutant load is associated with the first 1/4 
inch of runoff. 

POLLUTION REDUCTION MEASURES 

Pollution reduction measures are required to either prevent untreated runoff from 
recharging the aquifer or to reduce the types and amounts of pollutants running off the 
sites. These provisions include: 

All properties 
a. No untreated runoff in CEFs 
b. No untreated runoff in defined channels with recharge features 
c. Detain 2 year storm 
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CommerCial 
(2 of following 5) 

d. Xeriscape/lPM 
e. Construction on 0-10%slopes only 
f. Pervious pavement 
g. Street Sweeping or Covered Parking 
h. Treat roof runoff 

IMPERVIOUS COVER LIMITS (Same as 1986 CWO) 

The impervious cover limits were retained from the 1986 CWO. By keeping the same 
impervious cover limits in combination the the methods described above, the 
strengthening provisions require a major reduction in pollutant discharged from new 
developments using a mix of structural and non-structural controls. The impervious 
cover limits are summarized below. The limits shown are those that are generally 
applicable; however, these will vary depending on site conditions and additional 
ordinance requirements. 

Region 

ETJ 

Recharge 
Zone 

Non-charge 
Zone 

COMMERCIAL 
CWO 

Lower 
Watersheds 

(Class /) 

55% 

55% 

55% 

Barton 
Creek 

(Rural) 

25% 

40/70% 

40/70% 

RESIDENTIAL 
CWO 

Lower 
Watersheds 

(Class /) 

40% 

40% 

40% 

Barton 
Creek 

(Rural) 

25% 

25% 

25% 

IMPROVED EROSION AND SEDIMENTATION CONTROLS 

To reduce pollution from sediment during construction, the strengthening provisions 
include: 

1. Submission of a temporary erosion control plan, with phasing, and a water 
quality plan; 

2. Designation of a single Project Manager responsible for the controls; 
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3. Authorization for the City to modify inadequate plans during construction; 

4. Requires final revegetation within 18 months; and, 

5. Makes it a violation to allow sediment to enter a waterway. 

MONITORING AND INSPECTION 

To ensure that the pollution control measures are properly functioning as required, the 
strengthening provisions require: 

1. An annual operating permit; 

2. Yearly inspection and maintenance; 

3. Monitoring of flow from the controls for compliance with the maximum 
discharge standards; and, 

4. Authorizes the City correct facilities that are out of compliance. 

REDUCED EXEMPTIONS 

The strengthening provisions include a reduction in the types of exempt properties as 
well as requiring properties covered by previous watershed ordinances to meet some 
of the strengthening provisions. These requirements are: 

• Property not covered by previous watershed regulations must fully comply 
(includes legal lots). 

• Property covered by previous watersheds regulations must: 
1) size control structures according to impervious cover; 
2) erosion and sedimentation controls; and, 
3) operation permit. 

OTHER PROVISIONS 

Other strengthening provisions include: 

• No wastewater irrigation in Transition and Critical Zones; 

• Golf courses required to have water quality controls; 

• Establishes controls of scrap and salvage yards; 

• Variance requests must demonstrate equal or better water quality; and, 

• Fiscal requirements for structural control performance. 
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SUMMARY 

The strengthening provisions to the 1986 CWO for the Barton Springs Zone represent a major 
enhancement to the protection of Barton Creek and Barton Springs. This is accomplished by: 

• Improving the type and size of structural controls to provide better pollutant removal 
from stormwater runoff; 

• Requiring pollutant reduction measures during construction and after the 
developments are completed to prevent pollution prior to the structural controls: 

• Maintaining the impervious cover limits of the 1986 CWO; 

• Enhancing long-term pollutant control by annual inspection and monitoring; and, 

• Reducing exemptions and increasing other pollution control provisions. 
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