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THE BARTON CREEK REPORT
EXECUTIVE SUMMARY

Purpose

This report presents the Austin City Council, the Environmental Board, and the community
at large a comprehensive account of the water quality investigations completed by the City’s
Environmental Resources Management (ERM) staff and provides a "state of the creek”

report for its most popular natural resource, the Barton Creek/Barton Springs system.

The studies described in this report attempt to diagnose the level of impact on Barton
Creek’s water quality from urbanization activities such as large scale land developments,
wastewater disposal alternatives, golf course and residential landscape maintenance, and
cattle ranching. The primary approach in most of the studies is to monitor ground water,
surface water, sediments, and biology of Barton Creek and compare urban or developed
sites with rural or undeveloped sites. The primary pollution impairments of concern
include sedimentation, nutrient enrichment, bacterial contamination, and toxic substance
contamination. These constituents are measured directly from the water and sediments,
and their impact is measured using various ecological methods assessing the diversity and
abundance of aquatic plant and animal communities. Elements of this report include both
comprehensive narratives of previously unreleased studies as well as summaries of studies

which have recently been released.
Directives

Espey Huston and Associates (EHA) provided a baseline of data on the Barton Creek
Watershed in 1979 with their Barton Creek Watershed Study, written for the City’s Office of
Environmental Resource Management (EHA, 1979). They identified gaps in the ecological
information and described studies needed for better understanding of Barton Creek, its
protection, and management. EFHA stated that the existing data base was not adequate to

determine the effects of development. A resolution passed by the Austin City Council on




October 15, 1987 directed the City’s Department of Environmental Protection to assist the
Environmental Board in a short term review and analysis of existing data on the Barton
Creek Watershed. The resulﬁng 1988 City Manager’s Barton Creek Policy Definition Report
was endorsed by the Environmental Board, and the recommendation for Action Group III-2
was - “continue to monitor and report upon changes in baseline conditions of land and
water resources in the watershed which are attributable to urban development.” Suchis
the essential focus of this report. Although this directive was made in 1988, funding, staff,
equipment, and monitoring plans were not solidified until 1990, and monitoring for several
study elements did not begin until 1992 or 1993. The following projects are documented in
this report:

Report Element Overviews and Findings
1. Barton Creek Watershed Ground Water Monitoring Program: 1993 - 1996
Purpose:

* Determine impact of urbanization on ground water quality and quantity for both
baseflow and stormflow.

* Determine impacts of on-site and wastewater irrigation on ground water quality and
flow.

» Identify characteristics of water quality and flow in Barton Springs and the Edwards
Aquifer.

Overview:

Ground water monitoring in the Barton Creek Watershed focuses on ground water issues in
both the Contributing Zone and Recharge Zone of Barton Springs. Contributing Zone

efforts examine local ground water resources and problems due to the nature of the shallow
water tables in the Contributing Zone. Recharge Zone or Edwards Aquifer studies are more

area-wide in scale due to the complex nature of ground water recharge and movement in
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the Edwards Aquifer and the associated difficulty of identifying local development impacts.

Current ground water monitoring efforts related to Barton Creek include the following:

e Watersamples are collected and analyzed for nutrients, physical parameters, ions, and
selected heavy metals from selected springs in the Barton Creek Watershed twice a year.

+ Water samples are collected quarterly from five springs discharging from the Barton
Springs segment of the Edwards Aquifer (Barton, Eliza, Old Mill, Backdoor, and Cold
Springs) and analyzed for physical parameters, nutrients, ions, and selected heavy
metals.

e Water samples are collected every two weeks from Barton Springs and analyzed for
nutrients and total suspended solids.

e Ground water flow paths are identified in the Edwards Aquifer from specific points in

.Barton and Williamson Creeks through an interlocal agreement with the Barton
Springs/Edwards Aquifer District (BS/EACD).

e Insitu data recorders are used continuously in Barton Springs measuring water, pH,
temperature, dissolved oxygen, specific conductance, turbidity, and depth. Data
recorders are used periodically in other Edwards springs.

» Through a cooperative program with the U.S. Geological Survey (USGS), water samples
are collected annually from numerous wells in the Barton Springs segment and Barton

Springs.
Findings:

Ground water quality is generally good in springs monitored in the Glen Rose Formation
and in the Contributing Zone of the Barton Springs segment of the Edwards Aquifer.
However, statistically significant water quality differences in total dissolved solids, total
Kjeldahl nitrogen, calcium, potassium, nitrate, sodium, chloride, sulfate, alkalinity, and total
organic carbon have been identified in springs located in urban areas versus rural areas.
One spring on the mainstem of Barton Creek, below the Lost Creek Blvd. bridge, has a
significant effect on the nitrate concentrations in a localized area. The only identifiable
source of the nitrates is leakage from effluent holding ponds and effluent irrigation in the

immediate area. Nitrogen concentrations and isotope ratios at the holding pond and spring



are similar. Increases in springflow resulting from wastewater irrigation on a tributary in

Barton Creek West have also been indicated from monitoring data.

Nutrient and metal concentrations in Barton Springs do not show clear time trends that
appear related to urban development. During 1981-82 under low discharge conditions when
nitrogen concentrations are greatest, nitrate nitrogen averaged 1.54 mg/L compared to 1.46
mg/L in 1995-96 under similar conditions. However, impacts need not be continuous in
order to be considered degradation, and the presence of tetrachloroethylene in Barton
Springs water in the late 1980’s and early 1990’s indicates that the results of some urban
activities can be seen in the springs. Several heavy metals, including arsenic, cadmium,
copper, lead, nickel, and zinc, as well as sediment of possible anthropogenic origin also have
been detected at Barton Springs. Old Mill and Cold Springs also appear to be affected by
urbanization as indicated by heavy metals, pesticides, and total petrolewn hydrocarbons.
Comparisons of ground water chemistry made among five discrete spring sources (Barton,
Backdoor, Eliza, Old Mill, and Cold) within the Barton Springs segment of the Edwards
Aquifer show that Barton Springs and Backdoor Springs have the highest nitrate levels.
These and other water quality differences among the five springs are commonly attributed
to differences in recharge areas, land use, and flow paths to each spring. Barton, Eliza, and
Old Mill Springs discharge into Barton Creek near its confluence with the Colorado River.
They appear to discharge water recharged throughout the Edwards Aquifer. Cold Springs
discharges into the Colorado River downstream of Red Bud Isle and receives water ‘
recharged in the Rollingwood area and Barton Creek. Backdoor Spring discharges to Barton
Creek in the upper end of the Recharge Zone and appears to receive water recharged

between Barton Creek and U.S. Hwy 290.

Many constituents like nitrate and various ion concentrations are inversely related to
discharge rates at Barton Springs due to dilution with less concentrated recharge water,
while suspended solids and bacteria concentrations are positively related to discharge rates
due to contributions from surface runoff. Impacts to Barton Springs from rainfall in the
Barton Creek Watershed generally have a lag time of approximately 14 hours, indicated by
declining values in specific conductance and pH, and increases in turbidity and dissolved

oxygen. Based on this lag time, ground water velocity of recharged storm water is
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estimated to average around 860 ft/hr. A data point indicating possible recharge from
Williamson Creek reaching Barton Springs in sixty-five hours indicates ground water
average velocity for storm water of approximately 400 ft/hr. Analysis of Edwards wells
indicates that seven wells, in addition to Old Mill Spring, may be affected by urban
development, based on nitrate, sulfate, and chloride concentrations. These sites are mostly
in developed areas of the Aquifer. Barton Springs water quality is representative of the
overall good quality of water recharging the Edwards Aquifer. Nevertheless, transient
impacts to Barton Springs are affected most strongly by water quality changes in Barton
Creek as shown by Datasonde parameter changes in water quality at Barton Springs

following stormwater runoff to the creek.
2. The Barton Creek Pools Study: November 1990 - November 1995
Purpose:

The Barton Creek Pools Study was initiated to document existing ecological or water quality
impacts to perennial pools due to current levels of development. The study is a comparison
of baseflow water quality and an ecological assessment of nine pools along the mainstem of
Barton Creek from the headwaters to the Edwards Aquifer Recharge Zone. Analyses of
data are made to determine if statistically significant differences exist between pools for
various water chemistry parameters and percent cover of filamentous algae, and determine
if any trends in water quality degradation exist between developed and undeveloped

reaches of the creek or if any water quality degradation is measurable over time.

Overview:

Since November of 1990, the City of Austin has monitored baseflow water chemistry and
percent cover of filamentous algae growth at nine natural pool sites on the mainstemn of
Barton Creek, from the headwaters, upstream of Dripping Springs, to the Edwards Aquifer
Recharge Zone, upstream of the Loop 360 bridge in Austin.
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Aquatic vegetative cover, nutrients, suspended and dissolved solids, bacteria, and
additional chemical and physical parameters were measured quarterly in each of the nine
pools. Summary statistics and comparisons between pools were used along with field
observations and comparisons to state-wide information to interpret the data. Several

methods of handling non-detect data were examined for use in hypothesis testing.

Findings:

Comparisons made between pools in this study illustrate some small but statistically
significant spatial differences in water quality along Barton Creek’s mainstem; however, no

temporal trends over the monitoring period were determined to be significant.

Surface water comparisons made among nine perennial pools over a five year period on the
mainstem of Barton Creek indicate that the lower three study pools, all below Barton Creek
Blvd. and along the most highly developed reach, are each impacted by either significantly
higher nitrates, TDS, TSS, turbidity or algal growth. The other six pools upstream of Barton
Creek Blvd. show no significant degradation with the exception of significantly higher fecal
coliform at the most upstream headwater pool. It is important to note that many of the
impacts to each of the lower three pools are localized and not ubiquitous along this lower
reach of the creek. Water quality impacts seen at one study pool are remediated before
reaching the next study pool, only to be replaced by other impacts potentially related to

local land use or construction actvities.

Baseflow water quality above Barton Creek Blvd. is fairly homogeneous, and from the data
available the water chemistry along this reach of the mainstem has not deteriorated
substantially since the 1988 Barton Creek Policy Definition Report was written. The
baseflow water chemistry throughout the study area is still superior to urban streams
contributing to Town Lake studied by the City’s Water Watchdog Program. Baseflow water
chemistry also compares favorably to least-disturbed streams studied by the Texas Natural

Resource Conservation Commission (TNRCC) in the Central Texas Plateau ecoregion.
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The highest nitrogen and TDS concentrations are found in one pool located below Lost
Creek Blvd. Bridge. This elevated nitrogen and TDS is a result of contributions from a
spring, possibly enriched through leaks in effluent holding ponds and effluent irrigation in
the area. Similar stable nitrogen isotope ratios and nitrogen concentrations link the spring
and effluent, but continued investigations, including dye tracing, and additional isotope

testing would be necessary to verify effluent and/or fertilizers as a source.

The pool below Lost Creek Blvd., downstream of residential and golf course land uses, is
significantly higher than all other sites in percent cover of filamentous green algae,
principally due to reoccurring Cladophora sp. blooms there. Higher nitrates and
conductivity correlate positively with higher filamentous algae at this site. ERM staff have
also observed that massive Cladophora blooms can result from nutrient surges caused by

accidental spills or mismanagement of domestic wastewater effluent used for irrigation.

Significantly high turbidity is measured at two sites, one just below Barton Creek Blvd. and
one just above the Recharge Zone. The Recharge Zone site is also significantly higher in
TSS. Intense local construction activity and upstream impoundments which trap and
concentrate the fine sediments from construction sites are the only unique observable source
for these elevated TSS concentrations. In general, higher TSS values were caused by an
increase in mineral sediment load rather than organic sediment load as observed through

VSS to TSS ratios.

Fecal coliform is significantly higher at the most upstream rural site (Pool 1); however,
bacteria counts are still very low there compared to other urban creeks and normally within
safe limits for recreational contact. If fecal coliform to fecal streptococci ratios are taken as
adequate indicators, then fecal coliform is of animal, not human, origin throughout the
watershed. However, since the start of the Barton Creek monitoring program the use of this
ratio in determining origin has been determined to be less than definitive. Regardless, at
Pool 1, the source of fecal coliform is most likely the cattle ranching operations upstream

and adjacent to the sampling pool.
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At present, these significant water chemistry differences are rather small and localized.
During periods of good flow, enough relatively pristine waters are still contributed from
Barton Creek’s rural and undeveloped areas to dilute or remediate impacted discharges
from developed tributaries and springs located lower in the watershed. The conclusions of
this study are consistent with national data which indicates that documenting limited
impacts are detectable in the current impervious cover range of the Barton Creek Watershed
(Schueler, 1995). As Barton’s Watershed develops and more impacted discharges are added,

water quality degradation in Barton Creek will likely be more widespread and conspicuous.

Further development in the Barton Creek Watershed that does not provide adequate base
flow protection and impervious cover limits will most likely be associated with the
following impacts observed in the pool study sites during baseflow periods: (1) diminished
water clarity in impounded and slower-moving waters, resulting from cumulative impacts
of construction-related runoff; (2) replacement of a relatively diverse aquatic flora with a
monoculture of Cladophora algae below lands with the potential for mismanagement of
treated sewage effluent used for irrigation; (3) maintenance of heavier filamentous algae
cover in the mainstem owing to nutrient-enriched waters draining to Barton Creek from

developed tributaries and springs.

3. Barton Creek Canyons Study: 1993 - 1995

Purpose:

The Canyons Study was initiated to compare water quality impacts to tributaries of Barton
Creek from different land uses and methods of wastewater disposal in their contributing
watersheds.

Overview:

Data were collected from 38 sites on tributaries to Barton Creek. Three tributaries

representative of each major land use are monitored monthly for baseflow water quality.

Tributaries were categorized according to the dominant land use in their drainage area: golf

XXVi



course, high density residential, or rural (ranching and low density residential). Tributaries
were also characterized according to the predominant method of wastewater disposal used
in their drainage areas: golf courses using treated wastewater effluent for irrigation,
residential areas irrigating with wastewater effluent on native land, residential areas on
septic systems, residential areas on central sewage systems and rural areas with little or no

commercial or residential development.

Parameters measured in the laboratory included nutrients, bacteria, and physical
parameters. Summary statistics and non-parametric statistical tests were used along with

field observations and land use information to interpret the data.
Findings:

There are significant differences in baseflow nitrate, ammonia, TDS, TSS, and turbidity
concentrations between watersheds draining golf courses, residential, and rural land uses.
Under most analysis groupings, golf course tributaries have higher constituent
concentrations than residential tributaries, and both golf course and residential tributaries

have substantially higher concentrations for these five parameters than rural ributaries.

Baseflow data, as indicated by antecedent dry conditions, suggest that nitrate nitrogen is the
most variable parameter measured in the Barton Creek Watershed. A comparison of
tributaries characterized by various wastewater treatment strategies reveal that golf course
watersheds using sewage effluent irrigation and fully developed residential watersheds on
central wastewater systems generate significantly higher nitrate concentrations in their
baseflow than residential watersheds irrigating native vegetation/grass areas with sewage

effluent, residential neighborhoods on septic systems, or undeveloped rural watersheds.

Buffers associated with residential areas using septic systems appear to be functioning to
keep excess nutrients and bacteria from reaching surface waters. This finding may also be
related to the lower impervious cover associated with larger lot sizes in residential areas on

septic systems.
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When water samples are collected simultaneously during storm events from the three
selected tributaries representing residential (central sewer), golf, and rural land use, the
representative golf course site is significantly higher in nitrates and ortho phosphorus than
the other two land uses, while the representative residential site is significantly higher in-pH
and lower in TDS than the other two land uses. The residential site’s lower TDS illustrates
the dilution effect of heavier storm runoff experienced in land uses with more impervious

cover.

Baseflow water quality samples collected contemporaneously from two adjacent residential
canyons on central wastewater collection systems indicate that the size of the undeveloped
buffer zone around a stream may be related to water quality. Median nitrate concentrations
in these two canyons indicate that water quality improves as buffer zone size increases.

Furthermore, impacts to pH are mitigated by larger buffer zones.

In summary, when compared to streams representing rural land use, various parameters
indicate statistically significant water quality degradation for streams representing golf
and/or residential land use categories. The level of significance for some parameters is
influenced by the handling of values below the reporting limits in data analysis. In general,
little impact was noted on study conclusions of group differences when alternate methods

of handling non-detect data were employed.
4. Barton Creek Sediment Quality Studies: 1991 - 1995
Purpose:

Barton Creek sediment quality was assessed from a composite of various studies and
investigations made by Austin’s ERM staff to examine trends and compare contaminant

levels to regulatory criteria.

Overview:

Sediment samples were gathered by five different project teams, each attempting to detect

short and long term trends in the accumulation of heavy metals, organic pesticides and
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other organic constituents.
Findings:

Concentrations of sediment constituents throughout the Barton Creek Watershed are not at
levels of concern with the exception of the area in and around Barton Springs. Polycyclic
aromatic hydrocarbons were detected at levels which may have biological effects in the
Barton Springs area. Although many potential pesticides were analyzed for, very few were
found in detectable concentrations. However, one sample, immediately above Barton
Springs, contained several organochlorine pesticides above the TNRCC 85th percentile,
which is a regulatory screening level used in assessing sediment contaminants. Observed
copper, lead, and zinc concentrations are elevated in the Barton Springs area relative to
upstream sites; however, the highest chromium, cadmium, and zinc concentrations occurred
in one sample taken at an upstream rural site. Grain size distribution indicates that higher
concentrations of constituents at downstream sites could be attributed to the deposition of a

larger percentage of fine-grain material.

5. Bioassessment Strategies for Nonpoint Source Polluted Creeks, Grant Funded Project:

June 1993 - August 1996

Purpose:

The major goals and objectives of the study included investigation and documentation of
current levels of physical and biological impairment in two watersheds (Barton and Onion
Creeks) with varying degrees of development, correlation of various biological community
conditions with physical and chemical indicators of nonpoint source poliution, and
development of effective long-term biological monitoring and assessment techniques for the

Central Texas region.

Overview:

Aquatic biological communities are typically sensitive to water quality and habitat

degradation. “Bioassessment” methodologies have been developed and are now widely
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used which analyze these communities for use as indicators of stream health. For the
purposes of this study, “benthic macroinvertebrates” an aquatic assemblage of snails,
mayflies, stoneflies, blackflies, caddisflies, dragonflies, etc., were examined as well as a

community of periphytic algae, the diatoms.

Following initial protocol development, project staff cataloged potential study sites by
identifying reaches with-appropriate habitat and substrate for benthic communities. After
site selection, water quality, habitat, and biological data were collected at Barton and Onion
Creek study sites on a quarterly basis for three years. Biological data were analyzed with
corresponding water chemistry and land use attributes in order to document the

relationship between the data sets.

Findings:

Development in Barton Creek is still in the early stages, with current impervious cover
estitnates in the bioassessment study reach at 6 percent. Onion Creek has impervious cover
estimates of 10 percent in the study reach. The findings of this report suggest that the
macroinvertebrate community is responding more dramatically to the water quality
variation on Onion than on Barton Creek. It is likely that creeks with higher mean levels of
water column nutrients than Barton may have a more consistent response to chemistry by

the macroinvertebrate community.

Overall, the diatom comununity metrics are better than the benthic macroinvertebrate
metrics at differentiating between different water chemistries and land uses. Consistent site
level variation is more common in Onion Creek than in Barton Creek, suggesting that there
is a minimum level of chemical constituent concentrations beneath which these biological

metrics cannot effectively differentiate.
On both Barton and Onion creeks, diatom community changes are related distinctly to

watershed changes due to levels of development as indicated by land use breakdown. On

Barton Creek the diatom community is significantly responding to the land use change from
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undeveloped to golf course and residential land uses which begin downstream of Barton

Creek Blvd. and continue down to Lost Creek Blvd.

From data collected in this study, the chlorophyll 2 mean concentrations are different
between the land use groups on Barton Creek. Sites adjacent to and downstream of Barton
Creek Blvd. with higher levels of residential housing and golf course land use had
significantly higher chlorophyll 2 and pheophytin values than sites with lower levels of each
of these land uses. However, the relationship of chlorophyll 4 and its surrogates to water
chemistry data were not significant, suggesting that the measure of algal biomass through
chlorophyll 2 is a more sensitive indicator of nutrient enrichment from nonpoint source

poliution than routine chemical water quality sampling.

The radical fluctuation in flow rates during this study emphasized temporal variation in
water chemistry concentrations and minimized the influence of spatial, or land use,
differences between sites. Nonetheless, consistent relationships were identified between
developed land use and two important water chemistry parameters - total dissolved solids

and nitrate+nitrite nitrogen.

Although overall nutrient concentrations on Barton Creek were not significantly different
from upstream to downstream due to high standard deviations, all of the highest values
and highest means were recorded between Barton Creek Blvd. and Lost Creek Blvd. In
general, the macroinvertebrate data from the Bioassessment Grant indicate that current

levels of biological impairment in Barton Creek are extremely low.
6. Barton Springs Ecological Surveys and Projects: 1993 - 1996

Purpose:

Ecological descriptions and studies made by City staff at Barton Springs pool include an

inventory of fauna and flora, salamander population studies, and pool revegetation projects.




Overview:

In addition to monitoring the pool salamander population, ERM staff are involved with
monitoring the general ecology and habitat quality of Barton Springs. On a yearly basis, the
vascular vegetation in Barton Springs is inventoried and expanded by dissemination of
existing stands of plants in the pool and transplanting of local populations from Barton

Creek and Town Lake.

In conjunction with the salamander monitoring program, ERM staff has been closely
involved with the City’s Parks and Recreation Department and their maintenance practices
at the pool. Sedimentation, slipperiness due to algae growth, and algae blooms have all
been maintenance issues since monitoring of the salamander began over three years ago.
Staff members have initiated studies to research and develop maintenance practices that
benefit the salamander, the citizens of Austin, and the pool staff. All available salamander
data are verified, tabulated, stored in the Drainage Utility database, and made available to
the public.

Findings:

The Barton Springs salamander population counts have fluctuated from 1 to 45 individuals
since 1993. Counts can be most dramatically affected by large storms and subsequent high
turbidity and sedimentation. Anecdotal records indicate that the current surface population
in the main springs is a small fraction of populations from the early 1980's and before. The
Barton Springs salamander is responding to obvious environmental changes, but the more
subtle chemical and physical changes that affect this organism have yet to be determined.
Efforts to establish viable captive populations for research have met with limited success at

the Dallas Zoo and the Midwest Science Center in Columbia, Missouri.

Aquatic plant community revegetation efforts in Barton Springs pool have been successful
and include stands of Potamogeton, Sagittaria, and Ludwigia aquatic plant species. These
varieties provide excellent habitat for aquatic life in the pool while reducing turbidity by
stabilizing sediments. After three years of effort by City staff and citizen groups, and
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following maintenance changes by PARD staff, the aquatic vegetation in Barton Springs is
returning. In 1993, vegetative cover was estimated at 1 %. Today it measures 7 %, and more

proactive efforts are planned.
7. Barton Creek Watershed Surface Water Model

Purpose:

The general purpose of the modeling effort was to develop a tool capable of explicit
representation of the physical processes governing water quantity and quality in the Barton
Creek Watershed. Such a tool would be useful for predicting the impact to water quality of
various land use scenarios. The focus of this modeling effort was the application of the
industry standard Stormwater Management Model (SWMM) to the Barton Creek
Watershed. Because of SWMM ground water routine limitations, only the portion of the

watershed above the Recharge Zone was simulated.

Overview:

This project was initiated with technical assistance from a consultant advisory contract and
completed through City staff and assistance from the Drs. Randall Charbeneau and Michael
Barrett of the University of Texas at Austin Center for Research in Water Resources. Several
mid-course changes in analysis methods and approaches were made in this project, but the
major tasks conducted included a statistical analysis of mainstem water quantity and quality
data from USGS stations on Barton Creek, baseflow separation from the same gages,
SWMM input file development for both Barton Creek and single land use watersheds, and
attempted calibration and verification of the models. Flow validation of SWMM for both
Barton Creek and single land use watersheds was conducted with some success. Attempts
at water quality calibration of SWMM models for both Barton Creek and single land use
watersheds were met with limited success. Evaluation of the underlying assumptions of the
SWMM water quality model formulations using single land use watershed data was

performed. Development of a statistical model alternative for simulation of Barton Creek
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existing conditions was successful; however, limited predictive utility was anticipated for

the model.

Findings:

The USGS/City of Austin joint monitoring program provides data for evaluating water
quality along Barton Creek. In general, water quality is good. Available water quality data
for three stations along Barton Creek were analyzed using baseflow separation from gaged
flows, and it was determined that mean values for most of the constituents are higher
during storm flow conditions than for baseflow conditions. Total suspended solids (TSS),
which is the most widely considered indicator of stormwater quality, has an average
concentration which is two orders of magnitude larger under storm flow conditions when
compared with baseflow conditions. Both the storm flow mean TSS concentration and its
variability increase for downstream stations along the Creek. The storm flow mean TSS

concentration at Loop 360 is more than double that at Highway 71 and Lost Creek stations.

The parameters positively correlated with some significance to flow in stormflow conditions
included biochemical oxygen demand (BOD,), total organic carbon (TOC), fecal coliform
(FCOL), fecal streptococcus (FSTR), ammonia nitrogen (NH,-N), total Kjeldahl nitrogen
(TKN), total phosphorus (TP), total suspended solids (TSS), total lead (TPb), and dissolved
zinc (DZn). All the water quality constituents which are correlated with flow, except total
lead, have average concentrations which are greater at Loop 360 than at the other
monitoring stations. One explanation of these increases is the greater amount of impervious
cover at the lower end of the Barton Creek Watershed. In addition, BOD,, TOC, FCOL,
FSTR, and total nitrogen have average concentrations which are one to two orders of
magnitude larger during direct runoff conditions than during baseflow. Nitrate + nitrite is
higher progressing downstream in stormflow; however, in baseflow it is constant at Lost
Creek and Loop 360, and lower at Hwy 71. Ammonia is constant in baseflow yet increases
slightly downstream in storm conditions. TKN is significantly higher progressing
downstream in stormflow, and modestly higher in baseflow. Further, the mean TOC
concentration at Loop 360 more than doubles that at Highway 71 and Lost Creek under

stormflow conditions. The average TDS concentration is larger for baseflow than for storm



flow conditions at all three stations due to runoff dilution, with greatest concentrations at
the Lost Creek station. Correlation analysis shows that TSS, BOD,, TOC, TKN, FCOL, FSTR,
TP and TPb all increase with runoff, while only NO,+NO, is inversely related to runoff. The

other water quality parameters are insignificantly correlated to the runoff magnitude.

Ideally, the results from the surface water quality model were to be used as simulation input
to the ground water model in order to predict the impact to Barton Springs discharge water
quality under a variety of land use scenarios. Due to the complexity of the system modeled
and the limitations of the available mode] formulations, water quality was not predicted
well although a statistical formulation allowed simulation of historical conditions.

However, water quantity may be simulated well enough by SWMM to provide a basis for
input scenarios to the ground water model using land use based mean concentrations from
the City of Austin Storm Water Monitoring Program. This use of the model is under

investigation in association with the Drainage Utility City-wide Masterplan.

The overall conclusion from the investigation of the single land use data is that industry
standard public domain watershed models are not able to adequately predict the
accumulated stormwater load on the watershed at the beginning of a runoff event, nor the
initial constituent concentration provided by the City of Austin Storm Water Monitoring
data. The model does a better job of representing the washoff processes. Thus, SWMM may
be a useful quality model for simulating single storm events, but our understanding of the
various processes which control the quality of urban runoff does not allow us to model a
continuous series of events in Barton Creek with SWMM or any other comparable model

using buildup/washoff as a basis.
8. CRWR Barton Springs Edwards Aquifer Ground Water Model

Purpose:

The goal of this study was the development of a regulatory tool to assess the effectiveness of
various management strategies for preventing the degradation of aquifer water quality and

availability.
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Overview:

This study developed a new type of lumped parameter model for the Barton Springs
portion of the Edwards aquifer. The aquifer was divided into five cells corresponding to the
five major creeks supplying recharge to the aquifer. Each of the cells is treated as a tank
with a single well used to characterize conditions in the cell. This model differs from
previous models in that it allows properties within the cell to vary with water elevation.
Because movement of water within cells is not considered, the model retains the lack of a
spatial dimension characteristic of lumped parameter models. The model is capable of
predicting regional water levels, spring discharge, and aquifer water quality. A comparison
of model predictions with historical data for the period August 1979 - September 1995
demonstrates its accuracy. This simple representation of the hydrologic system produced
accurate results with fewer data requirements and calibration parameters than traditional

ground water models.

Findings:

Data analysis performed for this study did not detect changes in the water quality of Barton
Springs over the last 15 years. This can be attributed to several factors. Impervious cover
in the Contributing and Recharge Zones accounts for only five to eight percent of the total
area and has changed relatively little over the period of study. Small changes in water
quality associated with this level of development are difficult to document because of the
amount of variation inherent in storm runoff data. Most of the variability in concentration
observed at Barton Springs is short term and associated with the beginning of recharge
events, while the quality of most of the spring discharge is very constant.

Development simulated in the model reduced the baseflow while it increased the peak flow
rates during periods of direct runoff. Baseflow reduction resulted in lowering the average

discharge at Barton Springs between 11 and 34 percent. The increase in impervious cover of
the watersheds resulted in more recharge during what would normally be extended periods

of no recharge so that the average minimum spring discharge remained unchanged.

XxXxvi



Predicted increases in peak flows may also result in more frequent Barton Springs Pool

closings owing to flooding of the pool by Barton Creek.

Increased urbanization will likely reduce the quality of the water recharged to the aquifer.
The simulation of nitrogen transport in the aquifer was used to demonstrate how the model
can be used to estimate the impact of development. Many other pollutants are present in
storm water runoff and the effect on the aquifer of an increase in their concentrations was
not evaluated in this study. These parameters may be investigated using the model during

the development of the Drainage Utility City-wide Masterplan.

Using the data from more urban creeks, a level of intense development (45 percent
impervious cover) was estimated to raise the predicted nitrogen concentration at Barton
Springs from about 1.5 mg /1 to approximately 3.5 mg/L, an increase of 130 percent. A
moderate level of development (20 percent impervious cover) increased the predicted
nitrogen concentrations at Barton Springs from 1.5 mg/L to 1.8 mg/L, an increase of
approximately 20 percent. Average concentrations in the aquifer are predicted to experience
similar percentage increases. These increases are predicted to be the result of changes in the
land use of the area watersheds from predominately undeveloped /rural to

residential /commercial. Nitrogen accounting performed as part of this project estimated
that septic systems contribute about ten percent of the nitrogen input to the aquifer. An
increase in septic system use was not projected to be a problem, assuming development
doesn't reach a level such that storm water runoff from these sites reduces the quality of the
water in the creeks as well. The greatest impact from higher nitrogen concentrations may be
on Barton Springs Pool and Town Lake, where the increased nutrient supply will promote
the growth of algae and eutrophication. This potential is under investigation as part of the
Drainage Utility masterplan.

From analysis of extreme levels of development in model simulations, unless urban
development on the Recharge Zone dramatically increases the amount of water pumped
from the aquifer, there is little danger that Barton Springs would cease to flow under normal

rainfall conditions.
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Continued population growth and reliance on the aquifer for drinking water may result in
greater reduction of flow when a severe drought occurs. Low spring flow may pose a
serious threat to the Barton Springs Salamander and affect the operation of Barton Springs

Pool which draws over 300,000 swimmers annually.

Changes in land use in the Barton Creek Watershed are most likely to be evident at Barton
Springs Pool. Changes in water quality in the Pool will probably be larger during recharge
events than the average change predicted by the ground water model. This is because the
recharge from the creek is not thoroughly mixed with the water in the aquifer. This
conclusion is éupported by the rapid changes in water quality measured at the Springs at

the beginning of recharge events.

The increase in impervious cover in the Barton Creek Watershed is predicted to result in
more recharge events that will have the capacity to alter water quality at the Springs.
Increases in suspended solids and turbidity associated with these events will probably lead
to more frequent pool closures. Closures due to pool flooding are also projected to become

more frequent due to increase in the magnitude and number of peak flow events.
9. Barton Springs Contributing Zone Retrofit Masterplan

Purpose:

The goal of this project was to evaluate the historical water quality in the Barton Springs
Zone (BSZ) and recommend a cost effective strategy for water quality retrofit

implementation in previously developed areas of watersheds crossing the Recharge Zone.

Overview:

The retrofit masterplan consisted of a water quality analysis and a retrofit analysis. The
water quality analysis included review of all pertinent data in the BSZ and some limited

modeling evaluation of pollutant loading from conventional on-site systems and rangeland
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management. Storm water monitoring data were used to predict loadings by land use and

generalized removal efficiencies of BMP’s were used to evaluate retrofit strategies.

Findings:

Although the assessment of current conditions indicated that water quality was, “with a few
significant exceptions... excellent”, observable or measurable degradation in the BSZ was
determined to include “statistically discernible increases in mean constituent concentrations
in stormflow and baseflow at creek locations in the more developed basins, pockets of algae
growth, apparent staining of rocks in areas draining roadways, several significant erosion
sites, unusual accumulations of trash and debris, and sedimentation and toxics
accumulations measured in some wells” (Loomis, 1995). Primarily TSS and TN were used

as indicators of water quality in the BSZ retrofit masterplan.

The sources proposed to explain the observed water quality degradation in the BSZ
included urban runoff, in-channel erosion, construction related sediment, septic systems,
effluent irrigation, and rangeland degradation. Implementation of major structural retrofits
was proposed at 26 sites yielding an estimated 4.5 percent reduction in TSS loading and 3.1
percent reduction in TN loading to the BSZ at a cost of $11 million. These sites are to be
considered in the City-wide masterplan in order to prioritize all retrofit construction for
future Drainage Utility projects. Smaller, site specific structural controls were found to
provide less of an impact than regional controls. However, non-structural controls
researched including regulatory and public education approaches were estimated to have a
potential significant impact on minimizing degradation in the watersheds of the BSZ. A
number of additional recommendations were made in order to better manage water quality

in the BSZ.

Overall Conclusions and Recommendations

Many localized impacts to developed springs and tributaries have been verified or
identified within the Barton Creek Watershed through the City of Austin monitoring

projects. Effluent irrigation spills, a form of point source pollution, are believed to have
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caused some abnormally dense Cladophora algae blooms along the mainstem of Barton
Creek; but to date, the nonpoint source pollution load is not gross enough in the mainstem
of Barton Creek to disclose substantial decline over the monitoring period through either
chemical, biological, or physical measurements. However, the comparisons made between
developed and undeveloped areas in the pools, canyons, and springs of the watershed
indicate ongoing changes in water quality. Combined with episodic contamination events
these differences can be said to represent localized degradation. The complexity of
hydrology, geology, and ecology in Barton Creek obscures easy and early identification of
impacts to the mainstem. Therefore, continued monitoring is essential to diagnose the on-
going health of this important system. Through Drainage Utility funding, the City of
Austin’s Environmental Resources Management Division has developed ground water,
surface water, sediment, and biological monitoring strategies to keep policy makers and

citizens informed of any significant water quality trends jeopardizing this resource.

Recommendations for future monitoring on Barton Creek include routine comparisons with
more developed watersheds; long term water quality tracking in developing subwatersheds;
enhanced baseflow and stormwater monitoring on the mainstem, select tributaries, and
springs; development and implementation of workplans for comprehensive collection and
analysis of sediment and biological data on the mainstem, select tributaries, and around
Barton Springs; tracer studies to determine the source of ground water contributions over
the Edwards and Glen Rose formations, and further use of parsimonious ground water and

surface water models in conjunction with the Drainage Utility City-wide masterplan.

Recommendations for policy focus which are indicated from the studies documented in this

report and national data from similar studies include the following:

» Intensive easement acquisition in the mainstem and tributaries of Barton Creek to
secure water quality benefits offsetting the bulk of the watershed which is out of COA
ordinance jurisdiction.

» Expansion of the Barton Creek wilderness area as a buffer zone to provide a larger

recovery area offsetting projected headwater development.



Requirements for additional golf course water quality buffers to be added to ordinance
restrictions. »

Formulation of a coordinated set of guidelines for effluent land épplication for the BSZ
to be proposed to TNRCC as special conditions of irrigation disposal, during the basin-
wide permit renewals scheduled for 1999.

Flood control regulatory modifications to correct erosive influences of flood control
structures constructed under current requirements if indicated from a proposed
technical review.

Infiltration device construction and promotion of infiltration to be implemented
through regulation and policy changes.

Implement Drainage Utility policies considering repercussions of altering natural flow
patterns as a criteria in decision making.

Develop and implement a specific watershed scale land use regulation of the Barton

Creek Watershed.



1.0 INTRODUCTION

Barton Creek’s water quality is a topic of immense interest to the citizens of Austin, Texas.
Austin's concern to keep these waters pristine is of top priority and represents the people's
commitment to protection of the region’s environmental resources as a whole. The
watershed of Barton Creek is over ten times the cumulative size of the eight other creek
watersheds that contribute waters directly to Town Lake. These eight other watersheds
contributing to Town Lake are fully developed, and the City of Austin is striving to improve
the water quality of these streams through retrofit with structural water quality controls,
community education, and an Urban Watersheds Ordinance. In contrast, Barton Creek's
waters are only beginning to show signs of degradation, and can still benefit from

management strategies aimed at preventing pollution.

The relatively high quality of Barton Creek’s waters is due to the vast portion of the
Watershed that remains undeveloped, the City's purchase of greenbelt, and the succession
of water quality ordinances passed by Austin citizens and the City Council. These
ordinances, which apply only over the portion of the Barton Creek Watershed within
Austin's extraterritorial jurisdiction, have provided for regulation of density and impervious
cover, the capture and treatment of stormwater, and the protection of critical water quality
zones and sensitive environmental features. Applicability of these ordinances is now
contingent upon date of development application (SB 1704) and formation of privately
managed Water Quality Protection Zones (30 TAC 216), which further subdivide regulatory
jurisdiction of the watershed. Without strong and enforceable protection for the entire
watershed, the fate of Barton Creek’s water quality may be the same as other urban

watersheds which have developed without regulation or land use planning.

An important aspect in investigating water quality in the Barton Creek Watershed is the
interaction that occurs between ground water and surface water. Glen Rose ground water
systems are extremely important to providing baseflow to Barton Creek through spring
discharges and alluvial seepage. As the soft marl steps of the Glen Rose geologic formation
are saturated by Hill Country rain, this precipitation is stored and slowly released as

Barton's baseflow. Seeping to the surface, deep within the canyons of a highly dissected



landscape, this original Glen Rose filtrate works its way through Barton’s headwater
tributaries. Owing to these wide spread contributions, a healthy, perennial flow is normally
maintained in the mainstem of Barton Creek. However, along the final few miles before
reaching Town Lake on the Colorado River, Barton’s surface waters run across the Edwards
Aquifer Recharge Zone where much, and sometimes all the water drops into karst

formations to emerge later as cool and abundant Edwards Aquifer spring water.

Unique biological niches are formed in conjunction with Barton’s ground water - surface
water interaction zones. In the upper part of the watershed, Glen Rose seepage drips from
the faces of ferﬁ- and moss-lined grottos. These grottos are often distinguished by waterfalls
and plunge pools. Mesic vegetation communities, including dwarf palms, maidenhair ferns,
and moisture-loving liverworts, thrive in these refuges. Further downstream, springs may
gush from hard limestone fissures of the Edwards formation, or surface waters are captured
by the Edwards Aquifer in a swirling vortex created by solution cavities in the creekbed.
The discharge point of the Edwards Aquifer is Barton Springs, home to the rare Barton
Springs salamander and 300,000 swimmers annually. The quality of water coming from
Barton Springs and therefore the survival of these unique creatures is directly dependent on

the health of the streams that feed the Edwards Aquifer.

This report is divided into four major fields: ground water studies, surface water studies,
bioassessments, and modeling. All four of these major sections address the water quality
impacts from various types and intensities of development over the Barton Creek
Watershed. Ground water studies include assessments of spring water quality within the
Glen Rose geological formation or the Contributing Zone to the Edwards Aquifer, and
assessments of water quality in springs and wells within the Edwards Aquifer, including
Barton Springs. Surface water studies include an assessment of water quality and algae
growth along Barton’s mainstem from the headwaters to the Recharge Zone, an assessment
of water quality in Barton Creek tributaries characterized by land use, and an analysis of
sediment data collected throughout the watershed. Bioassessment studies include a
summary of a grant awarded to the City to study the effects of nonpoint source pollution on
aquatic organisms in Barton and Onion Creeks, a status report on population inventories of

the Barton Springs salamander, and an inventory of the fauna and flora found in Barton



Springs pool. The final major section surmnmarizes the findings from ground water and
surface water models, constructed to predict future impacts from development and presents
the findings of a planning document concerning the design of water quality retrofits for the
developed areas of the watershed. The combination of information in these four major areas
gives the reader a comprehensive account of the state of the environment for the Barton

Creek Watershed.



2.0 GROUND WATER SYSTEMS OF THE BARTON CREEK WATERSHED

21 INTRODUCTION

2.1.1  Purpose

The Drainage Utility Department (DUD), formerly the Environmental and Conservation
Services Department, of the City of Austin (COA) monitors ground water quality in the Barton
Creek Watershed. Monitoring goals include characterizing overall ground water quality in
Barton Creek as well as determining baseline water chemistry in rural areas and determining
the effects of urbanization on ground water chemistry. The primary means of ground water
monitoring is collection and chemical analyses of spring samples. Well sampling is also
conducted in the Edwards Aquifer to provide additional data on ground water quality. Data on

ground water yields were compiled from COA surface water studies described in Section 3.0.

The Barton Creek Watershed encompasses 120 square miles, eight of which are in the Recharge
Zone of the Barton Springs Segment of the Edwards Aquifer (BSEA) and 112 square miles are in
the Contributing Zone of the aquifer (Santos, Loomis and Associates, 1995). The Edwards
Aquifer is vulnerable to pollution because of the rapid movement of water into the subsurface
through recharge features such as faults, fractures, sinkholes, caves, and open holes within
bedrock. In the Recharge Zone, recharge features in creek beds permit rapid transmittal of

water flowing in Barton Creek into the aquifer.

2.1.2  Methodology

Ground water monitoring in the Barton Creek Watershed is conducted primarily at springs
identified by City of Austin staff, landowners, and in published material. Some springs
included in this report were sampled once, while others are sampled on a regular basis.

Sampling locations are shown on Plate 1.

Data sources used in this report for Edwards springs include COA /Drainage Utility
Department (DUD), COA/Austin Travis County Health and Human Services Department



(ATCHHSD), and the United States Geological Survey (USGS). Specific data from previous
studies are included where appropriate. DUD data include field data, grab samples from
springs under various flow conditions, and data from multiprobe data loggers installed in the
springs. ATCHHSD, since the early 1980s, collects samples primarily for bacteria tests and has
occasionally included other basic water quality parameters. The USGS, in cooperation with
COA, collects samples from wells and springs in the Austin area since 1986. Data for springs
other than Barton are much more limited but include data from COA/DUD, Barton
Springs/Edwards Aquifer Conservation District (BS/EACD), Texas Water Development Board
(TWDB), and graduate student theses.

2.1.2.1 Field Analyses

Field measurements of pH and total dissolved solids taken before March 1995 were made using
Hach portable pens. Temperature was measured with a mercury or alcohol thermometer. A
Horiba U-10 water quality meter has been used since March 1995. Field measurements made
with this instrument include pH, specific conductance, turbidity, dissolved oxygen, and
temperature. At the time of sample collection, these measurements are recorded on a field data
sheet. Also recorded are descriptions of the spring flow, mesic vegetation at the spring site, and
observations related to discharge. Estimates of spring discharge, made at the time of sample
collection, are visual examination of the flow volume or direct measurement of the rate at which

water fills a container of specific volume.

To help understand the complicated dynamics of Barton Springs and transient yresponses to
storm events, the COA began using multiprobe data loggers in the springs. The COA selected a
DataSonde 3 multiprobe logger manufactured by Hydrolab Corporation of Austin for in-situ
monitoring of Barton Springs water. The DataSonde 3 simultaneously monitors temperature,
pH, dissolved oxygen, specific conductance, turbidity, and depth. The sensitivity of the probes
allows detection of very subtle changes in the monitored parameters. The unit selected has an
internal battery pack, can be programmed to record at any specified time interval and store data
internally for later downloading. The unit can be deployed and left unattended for
approximately four weeks. The lack of external cables makes the DataSonde ideal for

deployment in a high use facility like Barton Springs Pool.



21.2.2 Sample Protocols

Sample collection is done using precleaned one liter Nalgene bottles provided by the analytical
laboratory or sterilized Whirlpak bags. Samples are collected as close as possible to the point of
discharge from the rock or alluvial face. Samples are iced down in a cooler for transport to the

lab. Chain-of-Custody forms are completed to transfer samples to lab custody.

2.1.2.3 Laboratory Analyses

Grab samples are collected for water quality analyses. Some analyses of nitrate-nitrogen, ortho-
phosphate, and ammonia-nitrogen are performed in the DUD in-house laboratory using a Hach
DR 2000 spectrophotometer. Most samples have been analyzed by the Walnut Creek
Environmental Laboratory operated by the City of Austin’s Water and Wastewater Department
(COA/WWW). Other laboratories which have analyzed spring samples include Inchscape
Testing (NDRC in Dallas, Texas), NET, Inc. in Austin and in Dallas, L.ower Colorado River
Authority (LCRA), and Coastal Science Laboratory. All analyzed parameters are listed in
Appendix C. Parameters analyzed for each site vary owing to the entity collecting the sample,
modifications in the COA ground water monitoring program, and specific concerns at some

sites. All methods of analysis adhere to protocols published in Standard Methods for the

Examination of Water and Wastewater or EPA method protocol. Quality Assurance/Quality

Control data are included with results of analyses by each laboratory.

Standards of Chemical Quality have been established by Title 30, Sections 290.103 and 290.113
of the Texas Administrative Code and are regulated by the Texas Natural Resource
Conservation Commission (TNRCC). Primary standards, promulgated in Section 290.103,
establish the maximum concentration level (MCL) allowable in drinking water for inorganic
chemicals, fluoride, and organic compounds. Secondary sténdards, set forthin 30 TAC 290.113,
establish maximum concentrations for additional chemicals not included in the primary
standards. These standards are provided in Appendix E. The City of Austin analyzes ground

water samples for selected chemicals listed in the primary standards. Parameter selection



balances health and environmental hazards with sample costs. The resulting list of analytical
parameters includes nutrients, major ions, and several heavy metals. Comprehensive suites of
organic compounds are too costly to test for on a regular basis at all springs. Drinking water
standards are used only as a guide or reference point for ground water results; environmental

impacts occur at far lower constituent concentrations.

2.1.2.4. Data Quality Assurance

The results of laboratory analyses of ground water are evaluated for accuracy. Approximately
10 percent of samples collected are field duplicates. Duplicates are compared for consistency.
Constituents with wide deviation are omitted. QOutliers are evaluated by examining previous
data from the sites or data from similar sites. A charge balance calculation (comparison of the

sum of the cations to the sum of the anions) is done for each ion analyses. The equation is:

sum of cations - sum of ardons

*100 = charge balance
sum of anions + sum of cations

Hounslow (1995) recommends that only analyses with a charge balance less than five percent be
accepted. However, few of the available spring sample analyses meet this criterion. Contract
laboratories generally have broader ion balance ranges than research laboratories. Twenty-five
percent was selected as the cutoff limit for acceptance of analyses. The range of charge balances

for the Contributing Zone sample set is 0.969 to 1.253, within the 25 percent cutoff.

Review of the nitrate concentrations indicated possible errors in samples analyzed by the City
of Austin’s Walnut Creek Laboratory, Inchscape (formerly known as NDRC), NET, and LCRA.
Concentrations reported by these laboratories were sometimes an order of magnitude greater
than the concentrations determined using a portable spectrophotometer (Hach DR 2000) in the
DUD laboratory. DR2000 data were consistently more accurate with standards and duplicates
compared to COA/WWW Lab data during early phases of the ground water program. In some

cases, DR2000 data were used in place of lab data for statistical evaluation.



2.1.2.5 Statistical Analyses And Evaluation

Ground water analyses for Contributing Zone springs were grouped as rural or urban for the
purposes of statistical evaluation. Springs located in areas near and down gradient of
residential, commercial, and industrial buildings and grounds were classified in the urban
group. Springs found in nature preserve areas or ranches away from most land disturbances
were in the rural group. Parameters provided as input for the statistical evaluation are
provided in Table 2.1. Table 2.2 summarizes site information for Contributing Zone springs.
The in-house, Water and Wastewater, and contract laboratories are currently being compared

on the basis of accuracy and precision through blind standards analyses.

Table 2.1. Parameters For Statistical Evaluation

Total Dissolved Solids Alkalinity

pH Nitrate + Nitrite - Nitrogen
Calcium Total Kjeldahl Nitrogen
Sulfate Ammonia - Nitrogen
Sodium Orthophosphate-P
Magnesium Total Phosphate

Chloride Chemical Oxygen Demand
Potassium Total Organic Carbon
Fluoride

Several tests were conducted on parameter concentrations. Analysis of variance was conducted
using the General Linear Models (GLM) procedure in SAS since it is appropriate for unbalanced
data sets. Less than half of the data had reported concentrations for each parameter.

The procedures were as follows:

1. Test the data for normality.



2. For normally distributed data, conduct a statistical analysis of variance (ANOVA) test
for differences between means. If the test indicates significantly different means,
conduct multiple comparison tests. Use Duncan’s multiple-range test to give more
detailed information about the differences among the means. Use contrast statements to

provide customized hypothesis tests.
3. Rank the non-normal data.

4. Conduct an analysis of variance for significantly different means on the rankings. This
is equivalent to a non-parametric test for differences between the means. If the test
indicates significantly different means, conduct comparison tests. Contrast statements

to provide customized hypothesis tests for the ranked data were used.

5. The non-parametric Kruskal-Wallis Test was conducted for comparison to the analysis

variance test on the ranked data, with the same results.

A significance level of 0.05 was used for identifying statistically significant differences between
the urban and rural groups of data. Values of one-half detection limits were used for statistical
analysis of non-detection results. Additional hypothesis testing was performed using non-
parametric comparisons with the ranked data censored at the highest detection limit for

comparison. The results of the statistical analyses are discussed in Section 2.4.

Jon data were plotted on Piper diagrams to classify the waters chemically and determine if there
were differences across the data sets or within specific sites. Piper plots are commonly used to
study water chemistry and classify ground water types. Time series analysis was used to
evaluate data from continuous data-recorders. Flow data were examined using time series

analysis and yield techniques.



TABLE 2.2
Contributing Zone Springs Site Summary

BCR REPORT CULTURAL GEOLOCIC PSQESITB :IEIT
SITE NUMBER | CLASSIFICATION, FORMATION SOURCES
55 Urban Glen Rose/Terrace Cattle, ft::vrt}hzgrs,
effluent irrigation
72/73 Urban Terrace .Fe.r tljl.ZQI‘S, effluent
irrigation, roadway
62 Urban Glen Rose/ Terrace Fertﬂ‘lz?rs, .e ffluent
irrigation
u“ Urban Terrace Fertilizers, septic
leachate
76 Urban Glen Rose ‘Fe.r nh;em, effluent
irrigation, roadway
Fertilizers, effluent
irrigation,
35 Urban Glen Rose pesticides /herbicides,
wastewater exfiltration
Fertilizers, effluent
, irrigation,
36 Urban Glen Rose pesticides/herbicides,
i wastewater exfiltration
Fertilizers, effluent
irrigation;,
38 Urban Glen Rose pesticides/herbicides,
- wastewater exfiltration
8 Rural Terrace Cattle, septic leachate
32 Rural Glen Rose ’ Roadway
13 Rural Glen Rose Cattle
12 Rural Glen Rose Cattle
14 Rural Walnut Cattle
17 Rural Glen Rose Cattle
39 Rural Glen Rose None

Source: COA/DUD Database
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Bivariate analysis was conducted to determine relationships between parameters and to
identify trends within individual site data sets. Data were examined for individual sites as well
- as grouped together since one of the goals was to determine impacts caused by urbanization.
An urban signature for ground water identified in the Bull Creek Watershed was used as a
model for bivariate analysis and builds on the use of bivariate plots to identify ground water
sources in the Edwards Aquifer as used by Senger (1983), Senger and Kreitler (1984), and
Hauwert and Vickers (1994). The boundaries established in these diagrams are used for

examining springs in both the Contributing and Recharge Zones later in this section.

22 HYDROGEOLOGIC SYSTEMS OF BARTON CREEK

Springs found in the Barton Creek Watershed discharge from three hydrogeologic systems: the
Glen Rose limestone in the Contributing Zone, Terrace/ alluvial deposits in the Contributing
Zone, and the Georgetown and Edwards limestones in the Recharge Zone. The rates of
recharge differ within each system. Differences in recharge capacity of each system are evident
in the variation in spring discharge rates, which, based on field measurements and published
data, range from less than one gallon per minute (gpm) to 10 gpm in the Contributing Zone,
based on field measurements, to over 22,000 gpm in the Recharge Zone for Barton Springs

(USGS, 1995).

Barton Creek is a gaining creek (water flows into the channel from surrounding strata) in the
Contributing Zone, fed by springs flowing from shallow water tables in the Glen Rose

limestone and terrace deposits adjacent to creek channels. Over the Recharge Zone, flow in
Barton Creek is available to recharge the Barton Springs segment of the Edwards Aquifer once it
crosses the Mt. Bonnell Fault, the western boundary of the Recharge Zone. Here Barton Creek
becomes a losing creek (water flows from the channel into the surrounding strata) with
substantial volumes of water, up to 250 cfs (Barrett and Charbeneau, 1996), entering the
underlying aquifer. Barton Creek near Barton Springs changes from losing to gaining

depending on water table elevations in the aquifer.
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Ground water discharges to creeks and tributaries at discrete points (springs) or as diffuse
discharge along the banks, and channel bottoms. Spring discharge is important because it
provides base flow, maintains pool levels in Barton Creek, provides fresh water input, and
contributes nutrients to the ecosystem. Temperature differences in the water can help identify
areas of ground water discharge from springs. In the summer, ground water discharges are
cooler than surrounding waters, but in the winter, as surface water temperatures drop, ground
water discharges are warmer than surrounding waters. Biological habitats benefit from the

constant temperature of the spring flow.

The volume of ground water discharged as baseflow varies as climatic conditions change.
During periods of drought, the contribution of ground water to baseflow drops considerably.
Some pools of Barton Creek receiving perennial flow can survive dry periods, although the pool

volume is reduced substantially.

2.2.1 Glen Rose Formation Hydrogeologic System

Springs which issue from the limestones and dolomites of the Glen Rose Formation are found at
the head of incised drainages, along rock walls of drainages, and at bedding plane contacts.
Some perennial springs are found in the Contributing Zone, but most springs of the Glen Rose
are ephemeral. Springs may be identified during dry conditions by mesic vegetation and pool
areas which form below the point of discharge. Typically, the discharge rate of Glen Rose
Formation springs ranges from less than one gallon per minute (gpm) to appfoximately three
gpm. Discharge rates are highly dependent upon antecedent weather conditions and may vary
substantially from the measurements reported here. Some springs appear to sustain relatively

high discharges because of frequent irrigation in their recharge area.

The most common zone of spring discharge is the base of the porous Member 3 dolomitic
limestone layer (Rodda and others, 1970) of the Gleﬁ Rose Formation. This observation is based
on locations of numerous springs in the Barton Creek Watershed downstream of Hwy 71 and in
the Lake Austin Watershed. This 70 foot-thick nodular dolomite and dolomitic limestone has a

honeycombed texture which permits rapid flow of infiltrated rainwater into the surface of the
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exposed rock. The water travels through the inter-connected pores to emerge at the base of
Member 3. The grainy texture of the dolomite functions similarly to a sand body and can
transmit water readily even in the absence of a honeycombed texture (Woodruff, 1993). The
base of Member 3 is found from generally 40 to 100 feet above the main branch of the creek and

outcrops over large areas in tributary watersheds.

The occurrence of ground water is highly localized and typically provides only modest volumes
of water. Ranchers using wells for stock watering or to maintain the water level in a stock tank
are typical consumers of these shallow resources. Because of the isolated nature of the local,
shallow ground water systems, it is difficult to determine regional rates of ground water
infiltration and subsequent discharge. Woodruff (1993) describes the occurrence of ground

water in the Barton Creek Watershed as follows:

Streams are commonly incised into narrow valleys and canyons with high-gradient
ephemeral tributaries feeding main watercourses that are cut deeply enough to receive
locally sustaining ground water discharge. Ground water occurs erratically from

multiple horizons at relatively shallow depths.

The stair-step topography of the Hill Country, with its alternating hard limestone/dolomite
beds and soft marly beds, is an important component of Hill Country hydrology. Recharge to
shallow ground water bodies, the source for spring discharge in the Contributing Zone, occurs
primarily as infiltration of rainwater to soils. Woodruff (1993) identified two hydrologic units in
an area of the Barton Creek Watershed: uplands and bottomlands. Upland units operate as
discrete areas of infiltration during low to moderate-magnitude rainfall events. Rainwater
infiltrates the soils on the “risers,” the steeply sloping break in soft marly beds and below hard
resistant limestone beds, to form shallow ground water lenses. Infiltration rates measured by
Wilding (1993) in an area within the Contributing Zone of the Barton Creek Watershed range
from 0.8 inches per hour to 5.8 inches per hour. Higher infiltration rates occurred in areas with
thicker soils and more litter or vegetative cover. Infiltrated water moves downward in short
stair-step paths, through the riser soil to the hard underlying tread and then laterally to
discharge as seeps. Water may enter the next lower riser or enter ground water lenses adjacent

to drainages. In the bottomlands unit, infiltration to alluvial materials occurs following rain
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events. Infiltrated water within the sands, silts, and gravels forms a shallow, regional,
somewhat contiguous body of ground water. The bottomlands unit is found primarily along

the main channel of Barton Creek and large tributaries (Woodruff, 1993).

This stair-step hydrologic system forms a series of shallow ground water reservoirs in which
water is slowly released to drainages or utilized by grasses and trees. Infiltrated rain water may
pass through several stair-step systems before reaching surface water, each time filtering
through soils and grasses. This hydrologic mechanism in the Hill Country has important
implications for stream hydrology (short term water storage) and land management

(minimizing disturbance impacts and maximizing natural filtration of runoff).

The elevation of the localized, shallow ground water tables like those found in the Glen Rose
Formation tend to mimic the surface topography. Therefore, when attempting to determine the
recharge area, the extent of the surface water drainage basin is evaluated as the contributing
area. If the discharge volume is greater than that which can be attributed to infiltration within
the drainage basin, then structural geological influences such as faults or fractures are
considered. Although few faults have been mapped in the watershed west of the Mt. Bonnell
Fault, small-scale faults with offsets on the order of less than one foot are identifiable.. These
faults represent zones of weakness and may act as ground water conduits within localized,
shallow ground water systems or may permit ground water flow to occur between otherwise

isolated ground water lenses.

2.2.2 Edwards Group And The Recharge Zone

The Edwards and Associated Limestones form the Edwards Aquifer, the single most important
ground water resource in the Austin area. The Barton Springs Edwards Aquifer (BSEA)
consists of the Georgetown Formation and Edwards Group (Rose, 1972, Senger and Kreitler,
1984, and Slagle and others, 1986). The BSEA can be divided into two geographic components:
the Recharge Zone (RZ) - defined as the surface outcrop of the Georgetown and Edwards
limestones where water directly enters the aquifer, and the Contributing Zone (CZ)- the area up

gradient (upstream) of the RZ generally underlain by the Glen Rose Formation where most of
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the water recharging the aquifer originates (Santos, Loomis and Associates, 1995). The RZ for
the BSEA covers an area of approximately 90 sq. mi. The watersheds of Barton, Slaughter,
Williamson, Bear, Little Bear, and Onion Creeks comprise the CZ for the BSEA, covering an area

of approximately 264 sq. mi.

The lowest portion of Barton Creek flows across the Recharge Zone of the Barton Springs
segment of the Edwards Aquifer (BSEA). Recent studies have estimated that 31 percent of the
water discharging from Barton Springs originates in the Barton Creek Watershed (Barrett and
Charbeneau, 1996). Andrews and others (1984) estimated 28 percent for Barton Creek. This
recharge relationship establishes a very important direct connection between Barton Creek and
the Edwards Aquifer, in particular the northern-most extent of the BSEA as well as to Barton
Springs. As such, a discussion of ground water in the Barton Creek Watershed would be

incomplete without including the Edwards.

The primary focus for ground water investigations in the Barton Creek Watershed Study has
been the springs discharging into Barton Creek and its tributaries. Sections 2.4 and 2.5 will
discuss results of COA studies and data from Barton, Old Mill, Eliza, Backdoor, and Cold
Springs. A general discussion of Edwards Aquifer water chemistry will be included (Section

2.6) to provide context for chemistry of BSEA springs and possible impacts from urbanization.

Spring discharges from the BSEA are important to the City of Austin for several reasons. Barton
and its associated springs, Old Mill (also known as Sunken Gardens or Walsh Spring) and Eliza
(also known as Concession, or Polio Pit) and Cold Springs (also known as Deeﬁ Eddy),
discharge into Town Lake upstream of the Green Water Treatment Plant and, therefore,
contribute to COA drinking water supplies. Backdoor Spring supplies water to a perennial pool
over the Recharge Zone on Barton Creek and is an important water source for wildlife. The
location of these springs are shown in Plate 1. The pool built around Barton Springs (see
Appendix B, photo 1b) is a major attraction for the City and a revenue source for the Parks and
Recreation Department. The Barton Springs salamander (Eurycea sosorum) inhabits the four
springs (Barton, Old Mill, Eliza, and Upper Barton Springs) and has been petitioned for listing
as an endangered species (Chippindale et. al, 1993) and in April 1997 the United States Fish and
Wildlife Service (USFWS) listed the species as endangered.
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The Edwards Aquifer is a karst aquifer. Porosity in the Edwards includes matrix porosity,
generally intergranular voids of primary or secondary origin responsible for diffuse flow, and
conduit porosity, secondary macroscopic voids associated with bedding surfaces, fracture
planes, and fossil molds responsible for conduit flow. These voids occur in both the epikarst or
unsaturated zone and the phreatic or saturated zone. Dissolution by recharging waters has
progressively enlarged openings in the limestone and dolomite host rock creating an integrated
network of conduits allowing rapid recharge from surface water and rapid ground water
movement. Recharge waters enter the aquifer through point features such as caves or solution-
enlarged fractﬁres (see Appendix B, photo 1a) or as diffuse recharge through upland soils and
bed rock surfaces. These waters pass through the epikarst to the phreatic zone. Water may be
present in perched horizons within the epikarst and epikarst conduits may temporarily flood
during recharge events. Springs dominated by diffuse flow may be characterized by relatively
constant discharge and stable water chemistry. Spring recharge areas dominated by diffuse
recharge may have similar characteristics. Springs dominated by conduit flow may be
characterized by highly variable or flashy discharge and variable water chemistry. Spring

recharge areas dominated by point recharge may have similar characteristics.

Numerous investigators have studied the BSEA. Papers by Adkins (1933), Rodda and others
(1966), Fisher and Rodda (1969), and Rose (1972) provide the framework for Edwards
stratigraphy. Mapping by Rodda and others (1970) and Garner and Young (1976) are the most
commonly used geologic maps of the Austin area. Detailed hydrogeologic and water chemistry
studies by the USGS (Andrews et. al., 1984; Slade et. al., 1986) and the Bureau of Economic
Geology (Senger and Kreitler, 1984) and the Texas Water Development Board (Baker and others,
1986) have provided the basis of understanding recharge and chemical composition of the
aquifer. A recent study by the BS/EACD (Hauwert and Vickers, 1994) documented several
specific occurrences of water quality degradation within the aquifer and defined a probable
major flow path in the vicinity of Sunset Valley leading toward Barton Springs. Several
University of Texas graduate theses have focused on the Edwards, including most recently
Abbott (1973), Browning (1977), Smith (1978), St. Clair (1979), Kolb (1981), Kastning (1983),
Senger (1983), Clement (1989), Alexander, (1990), Parten (1991), Oetting (1995), Mahler (1997),

and Remington (in preparation).
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2.2.3 Terrace/Alluvial Local Ground Water Systems

Terrace deposits and alluvial deposits are found along the entire course of Barton Creek. These
deposits accumulated during the Pleistocene period and the Holocene period (Garner and
Young, 1976). Gravel, sand, and some silt comprise the deposits. Thickness varies but it is
typically less than 30 feet. The material is derived by mechanical weathering of primarily the
Glen Rose Formation, with some debris of the Edwards Group and the Walnut Formation.
Thick accumulation of terrace deposits occurs in the downstream portion of Barton Creek,
particularly near confluences with large tributaries. An example of this is the large, flat area
where Lost Creek Country Club is located near the confluence of Short Spring Branch and
Barton Creek. In other locations, terrace deposits tend to accumulate on the inside portion of

meander loops of Barton Creek.

Rain water infiltration, ground water, and possibly overbank flow of Barton Creek water,
accumulate within the gravel deposits to form local, shallow ground water systems. Springs are
found discharging from several terrace deposits along Barton Creek, particularly in the
downstream portion of the Contributing Zone. Additional terrace springs are located in areas
where DUD staff have not been able to collect samples. At most locations, sample collection is
impeded by low discharge volume, or the discharge does not occur at a discrete point. Springs

are typically recognized by the presence of travertine deposits, maidenhair fern, and spike rush.

2.3 CHARACTERISTICS OF GROUND WATER DISCHARGE TO BARTON CREEK

Approximately 112 square miles or 94 percent of the Barton Creek Watershed is within the
Contributing Zone to the Barton Springs segment of the Edwards Aquifer (Santos, Loomis and
Associates, 1995). The Glen Rose Formation is the predominant geologic unit in the
Contributing Zone (Barnes, 1974, 1981). Rainwater which infiltrates the soil and rock recharges
local, shallow ground water systems within the limestone of the Glen Rose Formation or within

alluvial deposits associated with Barton Creek and its tributaries. Ground water from these
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local, shallow ground water systems slowly discharges into the creeks, providing the clear clean
baseflow common in the Hill Country. Over the Recharge Zone, baseflow enters fractures,

faults, sinkholes, and solution openings within the creek bed and into the BSEA.

During periods of normal rainfall, there is usually baseflow in Barton Creek throughout the
Contributing Zone. Baseflow continues as long as there is shallow ground water. During
recent drought conditions of Winter 1995 through Summer 1996, surface flow in the
Contributing Zone occurred only in isolated sites. Very slow underground flow, or underflow,
was occurring beneath gravel bars within Barton Creek but was not visible on the surface except

as pools.
Factors which affect the amount of baseflow in Barton Creek include:

e amount and location of rainfall in the watershed

o rate of rainfall (intensity of storm)

¢ antecedent moisture conditions in the soils

e capacity of the soils and rock to absorb and release water
e topography and soil thickness in the area of infiltration

¢ land surface available for infiltration of rainwater

e rate of evapotranspiration

e vegetative cover interception of rainfall

» interception of ground water supplies via water wells or irrigation practices.

Marsh and Marsh (1993) reported that measurements of flow in Barton Creek at Hwy 71 during
a period of high precipitation (October 1, 1991 to April 30, 1992) revealed that 48 percent of
rainfall was converted to stream discharge. This was an exceptionally wet winter, with over 14
inches of rain in December. During an earlier period of high precipitation (October 1, 1990 to
September 30, 1991), only 12 percent of rainfall was converted to stream discharge. The
difference in the volume of rainfall contributing to baseflow was attributed to different
antecedent moisture conditions, dictated by rainfall amounts. Scant rainfall preceded the earlier
period of measurement, creating conditions favorable for greater ground water storage.

Saturated conditions within the soils and perched water zones lead to runoff of a larger
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proportion of rainfall during the winter of 1991 and spring of 1992. A more detailed
presentation of runoff and baseflow coefficients for Barton Creek can be found in the Barton

Creek Watershed Model Report (COA, 1997).

2.3.1 Tributary Flow Characteristics

In an effort to understand physical and chemical conditions in waterways, COA staff began
monitoring of 14 watersheds to collect data on flow rates and water chemistry. Because these
tributaries are relatively ephemeral, spring-fed streams, their flow behavior is addressed as
symptomatic of ground water hydrology rather than surface water. These watersheds were
selected to represent a variety of land uses with different methods of wastewater disposal.
Land uses include predominantly rural (no homes or scattered homes on large lots, assumed
impervious cover <10 percent), low density residential (many homes, varying lots sizes,
assumed impervious cover <25 percent) with on-site wastewater disposal (septic systems), and
moderate density residential (many homes on small lots, assumed impervious cover <40
percent) with central wastewater collection (including one with local wastewater irrigation from
a package treatment plant). Five of the fourteen Watersheds are in the Barton Creek drainage
basin and several others are in adjacent watersheds. This data set overlaps that analyzed in
Section 3.2 in the Canyon Study. All sites are on the west side of Austin and should have
similar soil characteristics. Analysis of flow in these watersheds has provided information on
baseflow characteristics in these settings, different responses of selected watersheds to rain

events, upland rain infiltration, and shallow ground water discharge to drainage systems.

Data discussed here include the first five flow measurements. These include measureménts
taken one day following a rain event, weekly measurements for three weeks, and then
measurements four weeks later. Field work was initiated June 1, 1995 following several days of
heavy rain and a relatively wet winter of 1994 and spring of 1995. The first day’s measurements
were taken between nine and 17 hours following 0.4 to 1.1 inches of rain, depending on

location. A total of 4.7 to 8.3 inches of rain fell during the previous five days.

Initial discharge measurements and yield calculations were high but rapidly declined. Eight of

the fourteen tributaries were dry by late July. Two of the remaining six tributaries with flow
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were in the two largest watersheds with rural or low density housing served by on-site
wastewater disposal systems. Three tributaries were in watersheds with moderate density
residential housing served by central wastewater collection and treatment provided by either
package treatment plants or municipal regional treatment plants. These three tributaries appear
to have baseflow well after other tributaries with similar watershed size were dry. The source
of the baseflow could be varied - infrastructure leaks in either water or wastewater systems,

plentiful lawn irrigation, or effluent irrigation potentially in the case of one tributary.

Bivarient plots were made of drainage basin size to discharge volume to determine the nature of
the relationship between these two variables for each day of discharge. An example of this
relationship is provided for June 8, 1995 in Figure 2.1. Tributaries with rural or low density
housing on septic systems consistently displayed a strong positive correlation between basin
size and discharge volume (R® greater than 0.9). Tributaries on central wastewater collection,
generally urban areas, consistently displayed very poor correlation (R" less than 0.1). The lack
of relationship between area and discharge in urban tributaries can possibly be attributed to
impervious cover preventing infiltration of rainfall therefore upsetting the natural hydrologic
cycle in these watersheds and /or unnatural discharges (illegal discharges, water or sanitary

sewer leaks) to the waterways.

Yield for each watershed from the point of measurement was calculated by dividing flow as
gpm by area as acres. Yields for June 8, 1995 were generally between 0.1 and 2.0 gpm/acre
(Figure 2.2). Seven weeks later on July 20, yields for the 6 tributaries still running were
generally between 0.01 and 0.1 gpm/acre (Figure 2.3). One of the urbanized tributaries that
maintained baseflow is irrigated with treated effluent from a package treatment plant in the
upper end of the watershed. This tributary has maintained relatively high water yields,
consistently around 0.1 gpm/acre, despite nearly record low rainfall. This yield is well above

that of rural watersheds with flow during this dry period (about 0.005 gpm/acre).
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2.3.2 Mainstem Baseflow Characteristics

Bivariate plots of discharge and drainage area for Barton Creek pool monitoring sites (see
Section 3.2) do not show the high degree of correlation seen in the tributary systems. This may
result from pool site selection which was designed to focus on water quality and biology of the
pools rather than hydrology. Most of the pool sites are not ideal for measuring discharge,
particularly under low flow conditions, because of large amounts of alluvium in the channels
(see Appendix A for pool descriptions and photographs). In fact, under low flow conditions,
measured discharge sometimes decreases downstream (Figure 2.4). These sites are generally
those where large alluvial gravel bars partly obstruct the channel, such as Pool 6. At these sites,
a significant amount of water is more likely to move through the gravel bars than through the
existing channel. This phenomenon is likely to occur at other sites such as Pool 3 and 5, but the

flow losses through the gravel may be masked by the large increases in drainage area upstream.

More closely spaced flow transects are needed to determine if apparent flow losses are due to
movement through alluvial materials and to help refine the relationship between discharge and
drainage area for Barton Creek. Yields for Barton Creek flows measured in August 1995, a
couple of weeks after those measured on the tributaries, were in the same range as tributary

yields, generally between 0.01 and 0.1 gpm/acre. (Figure 2.5)

24 SPRINGS IN THE CONTRIBUTING ZONE OF THE BARTON CREEK
WATERSHED

Forty-nine samples from 12 springs are in the data set (through mid-1996) for the Contributing
Zone within the Barton Creek Watershed. Many of the samples from springs in urban settings
are in areas downgradient of wastewater effluent irrigation fields (golf courses or native

landscape). This factor likely influenced the magnitude of chemical differences between urban

and rural sites.
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Figure 2.3

Tributary Water Yields
July 20, 1995
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In general, ground water quality is good in springs in the Barton Creek Watershed in the
Contributing Zone portion of the BSEA, although localized degradation is evident based on
differences in water chemistry in urban and rural data sets. A summary of Barton Creek

Contributing Zone spring chemistry is shown in Table 2.3.

Although many samples were analyzed for only nutrients, many were also tested for major ions
and selected heavy metals, and Mo were analyzed for a comprehensive suite of organic and
inorganic compounds. None of these samples exceeded the primary drinking water standards
MCLs for any parameter. Secondary drinking water standards have not been exceeded by any
samples (See Appendix E). No synthetic organic chemicals have been detected during this
study in springs monitored by the City of Austin in the Contributing Zone portion of the Barton
Creek Watershed. Copper, iron, lead, nickel, and zinc have been detected at seven sites at

concentrations well below State and Federal drinking water standards.

Currently there are insufficient data to determine if the heavy metal occurrences exceed
background concentrations because of variable detection limits and lack of data, although 10 of

13 occurrences are in urban springs.

A Piper plot of all sampled springs in the Contributing Zone of Barton Creek is shown in Figure
2.6. As evident on the diagram, there is a range of chemistry expressed in these springs,
ranging from calcium-bicarbonate dominated to calcium-mixed anion waters. Based on this
diagram alone, there is little distinction between springs in rural settings and those in urban
settings. However, this analysis is hampered by the lack of sufficient data from springs in rural

settings.

24.1 Glen Rose Formation

Samples from twelve springs that discharge from the Glen Rose Formation have been collected
by the City of Austin (Plate 1). In addition, there are four springs that apparently have recharge

areas in the Glen Rose Formation but discharge through Terrace deposits.
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Piper diagrams have been prepared from spring chemistry data collected by ERM staff. Figure
2.7 is a Piper diagram of the major cation and anion concentrations of six ground water samples
collected from Glen Rose Formation springs. The relative proportions of the cations calcium,
magnesium, and sodium to anions carbonate, sulfate, and chloride are used to classify the type
of ground water. This figure shows considerable spread between rural and urban spring
samples. The ground water is classified as calcium-carbonate water because the dominant
constituent ions are calcium and carbonate. This classification is common in limestone terrain

aquifers.

2.4.2 Terrace/Alluvial Deposits

Six springs that issue from terrace or alluvial deposits adjacent to Barton Creek are regularly
monitored by the DUD. These springs, shown on Plate 1, are primarily located in the
downstream reaches of Barton Creek and are generally classified as calcium-carbonate to
calcium-mixed anion water. Figure 2.8 is a Piper diagram displaying the major cation and
anion concentrations of ground water samples collected from terrace/alluvial deposit springs.
The localized occurrence of Barton Creek terrace deposits suggests that the ground water in
them is locally derived from infiltration of surface water (rain, irrigation, or overbank storage)
or possibly from buried Glen Rose springs. Therefore, variations in the chemical signature of
the terrace/alluvial deposit springs most likely result from local impacts or possibly the

variegated nature of the lithologic material within the deposits.

24.3 Comparisons Of Ground Water Chemistry At Urban vs. Rural Sites.

Potential ground water chemistry impacts that are due to anthropogenic influences have been
investigated by comparison of parameter concentrations. Because of the relatively smali size of
the available data set, interpretation has been limited to graphical comparison and statistical
Analysis of Variance (ANOVA) tests. See Table 2.3 for sample sizes for each parameter.
Statistical evaluation indicates a relationship between urbanization and changes in ground

water chemistry.
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Figure 2.6

Barton Creek Contributing Zone Urban and Rural Springs Ion Data

Cations % meg/l Anions

Rural sites are indicated by plus signs (+) and urban sites are indicated by
filled circles (e).

Source: COA/DUD Database 1992-1996.
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The relationship between urbanization and ground water chemistry does not appear to be
caused by changes in host rocks as many springs discharge from the same geologic unit, Glen
Rose member 3. For example, water from lower Glen Rose units can have high concentrations
of some constituents which may yield a false urban ground water signature. However, the
lower Glen Rose does not crop out in the Barton Creek basin (Brune and Duffin, 1983; Barnes,
1974) and, therefore, is unlikely the source of water causing these significantly different ground

water chemistries.

Statistical evaluation of chemical parameters was performed for springs grouped according to
their location in urban or rural areas (Table 2.2). Urban areas are characterized by land uses
such as residential development, commercial development, non-native turf areas (golf courses),
and high volume roadways. Rural areas are characterized by land uses such as nature preserve,

range land, and low density residential development (<1 home/10 acres).

Results of the statistical evaluation revealed a statistically significant difference for the
normally-distributed parameters total dissolved solids (TDS), total Kjeldahl nitrogen (TKN),
calcium, and potassium at the 95 percent confidence level. The differences in mean

concentrations for these parameters are shown in Table 2.4.

Parameters not normally-distributed that have been determined to have statistically significant
differences using non-parametric ANOVA techniques are nitrate, sodium, chlcﬁide, sulfate,
alkalinity, and total organic carbon (TOC). The differences in arithmetic mean concentrations of
the urban and rural groups for these parameters are shown in Table 2.4. Using ranked data
censored at the highest detection limit, the results in Tale 2.4 remained essentially the same
with the exception of TKN. For this parameter the alternate treatment of non-detect would
conclude that no significant difference occurs; however, the variable detection limit with a
single high outlier limit makes this treatment less reliable than substitution at the half detection

limit level.
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Figure 2.7

Barton Creek Glen Rose Formation Urban and Rural Springs Ion
Data
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Rural sites are indicated by plus signs (+) and urban sites are indicated by
filled circles ().

Source: COA/DUD Database 1992-1996.
32



Figure 2.8

Barton Creek Terrace Urban And Rural Springs Ion Data
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Source: COA/DUD Database 1992-1996.
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Table 2.4 Results of Statistical Evaluation of Contributing Zone Springs

Urban Rural

mg/L mg/L
Normal Distribution
TDS 44991 280.92
TKN 0.24 0.16
Calcium 130.29 85.93
Potassium 3.39 0.62
Non-Normal Distribution
Nitrate-N 1.65 0.34
Sodium 50.03 7.86
Chloride 91.27 15.55
Sulfate 70.2 26.2
Alkalinity 323 260
TOC 12.8 1.71

2.4.3.1. Total Dissolved Solids

TDS is the sum of the mass of the ions plus silica and other organic and inorganic constituents.
This measurement provides a means of determining the relative mineral content of ground
water. Itis also an indicator of salinity and suitability for drinking water. TDS values in this
section are from field probes which use conductivity values multiplied by a conversion factor to

estimate TDS.

TDS concentrations ranged from 150 milligrams per liter (mg/L) to 749 mg/L (Table 2.3). TDS
concentrations less than 250 mg/L were measured at six spring locations, one of which was an
urban site. Concentrations greater than 500 mg/L were measured at ten spring locations, one of
which was a rural site. This rural spring is classified as such because of the dominant local land
use. However, a major road passes directly over the spring and runoff or fill in the bridge

approach may be affecting the water chemistry.



Possible explanations for higher TDS concentrations in urban springs include:

¢ Water, rain water and/or irrigation water, infiltrating through turf grasses leaching

greater amounts of minerals, salts, and nutrients.

s Roadway runoff containing high concentrations of minerals and metals is a major

component of recharge water.

 On large managed turf grass areas (golf courses) percolation of water (rain or irrigation)
results in the transport of dissolved constituents (pesticide compounds, nutrients, and
salts) which have accumulated in the soil or are present in irrigation water, to the

ground water system.

s Leachate from septic tanks or leaking wastewater lines introduces dissolved constituents

into ground water which can influence spring TDS.

2.4.3.2 Nutrients

TKN is defined as organically bound nitrogen. Laboratory determined concentrations of TKN
are organic nitrogen plus ammonia nitrogen. Organic nitrogen from natural sources includes
proteins, peptides, nucleic acids and urea. A common manmade source of organic nitrogen is

sewage. TKN concentrations ranged from less than 0.1 to 0.45 mg/L (Table 2.3)

Nitrate-nitrogen concentrations in urban springs were significantly higher than in rural springs
with means of 1.61 mg/L and 0.33 mg/L respectively (Table 2.3). Ranges in concentrations also
reflect this trend with a range of 0.11 to 5.0 mg/L for urban springs compared to a range of 0.04
to 1.24 mg/L in rural ground water. Possible explanations for higher nitrogen concentrations

in urban springs include:
* Onsoils managed for turf grass with fertilizers, deep percolation of water (rain or

irrigation) may result in the transport of nitrates accumulated in the soil to the ground

water.
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» At golf courses managed with fertilizers and irrigated with wastewater effluent, runoff

that infiltrates to ground water may have elevated nitrate concentrations.

¢ Leachate from septic tanks or leaking wastewater lines may introduce high nitrate

concentration into the ground water.

* Roadway runoff with elevated nitrate concentrations is a major component of recharge

water.

Coincident high nitrate-nitrogen concentrations have been measured in springs at Site 55 and
Site 72/73 (Sites 72 and 73 are different discharge points of the same spring). The nitrate-
nitrogen concentrations at Site 55 have ranged from 0.8 to 2.8 mg/I.. The nitrate-nitrogen
concentrations at Site 72/73 (éee Appendix B, photo 2b) have ranged from 0.6 to 5.0 mg/L.
Surface water chemical analyses indicate that elevated nitrate concentrations also occur in pools
downstream of these spring locations (see Section 3.0) particularly during very low creek flow
condifions, as seen during the recent drought. The nitrate concentrations measured at the pool
downstream of Site 72 /73 (0.15 mg/L median concentration) are consistently higher than in any

of the other monitored pools of Barton Creek.

A potential source of the elevated nitrate in ground water at the Sites 55 and 72/73 is
wastewater effluent irrigation and the use of nitrogen fertilizer at golf courses upgradient from
these springs. Several samples from each spring and potential nitrogen sources were analyzed

for nitrate concentrations and nitrogen isotope ratios. The results are provided in Table 2.5.

Nitrogen stable isotope ratios and nitrate concentrations in the effluent holding ponds are
similar to those detected in the springs. It appears that the effluent holding ponds, or the
effluent irrigation on the golf course, is the source of the high nitrate concentrations observed in
the springs at Sites 72 and 73. It is possible that the elevated nitrate concentrations at Site 55 are
also related to irrigation with effluent and the application of nitrogen fertilizers in the

catchment area upslope of the spring. Insufficient data are available to conduct statistical
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analyses of the numerical relationships, but the available analytical data and absence of other

high nitrogen sources supports this conclusion.

The potential source of nitrogen in effluent used for turfgrass irrigation is discussed in
“Irrigation of Turfgrass with Wastewater” (Mancino and Pepper, 1994). This study found that
nitrate was lost in leachate beyond the turf root system. The highest concentrations in leachate
occurred in December, January, February, June, and July when nitrate concentrations were
highest in the wastewater. Because high evapotranspiration rates occur in June and July, the
author suggested that this resulted in higher concentrations of nitrate in the leachate. Slow turf
growth in December, January, and February reduces the nitrogen uptake and probably results
in higher concentrations passing through the soils into the ground water. These mechanisms

may explain the elevated nitrate concentrations observed in Sites 55, 72, and 73.

Further indications that effluent irrigation leachate is affecting spring water quality at Sites 55,

72, and 73 include:

s Copper and iron were detected in samples (8/29/95) that also had elevated nitrate
concentrations. Copper and iron are common constituents of effluent (Mancino and

Pepper, 1994) and have not been commonly detected in unimpacted springs.

o The chloride concentrations in the 8/29/95 samples at Site 72 (60 mg/L) and at Site 55
(116 mg/L) are considered elevated in comparison to rural springs (15.6 mg/L).
Chloride concentrations in effluent from City treatment plants range from 62 to 159

mg/L.

s Sodium to chloride ratios of eight spring samples were calculated. A plot of the ratios is
shown in Figure 2.9. Ratios of 0.49 and 0.26 in 8/29/95 samples (Site 72 and Site 55) indicate
a source of chloride in addition to the weathering of naturally occurring sodium-chloride
rock materials. Figure 2.10, a bar plot of the sodium and chloride concentrations of the same

samples, depicts the proportion of sodium to chloride.
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Table 2.5. Nitrate-N And Nitrogen Isotope Analysis For Sites 55, 72, And 73

Site name Date Nitrate-N del 15N
(mg/L)
Golf course holding pond 2/7/94 2.6 21
Site 72 2/22/94 |24 22.1
Site 72 4/19/94 |26 19
Site 73 4/19/94 |25 12.9
Pool 8 2/24/94 | - 8.5
Site 72 2/22/95 | 0.6 4.2
Golf course holding pond 2/13/9 | 43 224
Site 72 2/13/96 | 2.4 29.5
Pool above Site 55 2/15/94 | -~ 4.6
Golf course holding pond 4/19/95 |- 6.0
Site 55 2/15/94 | - 6.1
Site 55 2/15/94 | - 7.1
Site 55 2/22/95 |10 5.1
Site 55 2/13/96 . | 0.7 5.3
Rural spring mean (n=14,3) 1.61 8.57
Urban spring mean (n=43,9) 0.33 10.26

A recent study of ground water analyses in the Long Island, New York area identified
statistically significant differences in constituent concentrations between developed, densely
populated areas and undeveloped areas. Eckhardt and Stackelberg (1995) identified higher
concentrations of nitrate (in addition to boron, alkalinity, synthetic solvents, and pesticides) in
newly developed residential areas, residential areas more than twenty years old, and in
agricultural land compared to forested (undeveloped) areas. During evaluation of the effect of
land use on nitrate concentrations in ground water, the authors identified median

concentrations of nitrate below four mg/L in undeveloped sites and median concentrations o

38



five to nine mg/L in developed sites. The sources of nitrate identified for the study area include

nitrogen fertilizers and sewage wastes.

Another possible source of elevated nitrate is atmospheric input of nitrogen from industrial
sources. Dry deposition (dust) and emissions may raise the nitrate and ammonia
concentrations in rainfall. Recent studies conducted in the Delaware Bay (Scudlark and Church,
1993) indicate that 26 percent of the summer total dissolved inorganic nitrogen flux is from
atmospheric input. The 26 percent includes wet and dry deposition of nitrogen in the
contributing watersheds to the Delaware Bay. Rainwater has also been considered as a
potential source of elevated nitrate concentrations in springs. The City of Austin collected
rainwater samples at the St. Elmo water quality pond, located in southeast Austin, during eight
rain events in 1995 for a study of removal efficiencies of the water quality pond. Rainwater was
analyzed for ammonia-nitrogen, total Kjeldahl nitrogen, nitrate-+nitrite-nitrogen, total

phosphorus, and dissolved phosphorus for each event (Table 2.6).

All but one of the TKIN concentrations are below 1.99 mg/L. These rainfall concentrations
represent the wet deposition and dry deposition of atmospheric inputs from industrial,
agricultural, and vehicular sources in the Austin area. Based on these analyses, rainwater in
urban areas contains insufficient nitrogen to totally account for concentrations detected in urban
springs. Therefore, nitrogen values found in Sites 72/73 and 55 are indicative of an additional

source of nitrogen and isotope data indicate this source to be effluent.

24.3.3 Ions

Ions such as Mg, K, Na, CI, SO,, and carbonates were used in the ground water studies as
indicators of differences in water quality. These levels of ions may not indicate detrimental
effects but merely the impact of urbanization or changes in geologic formation. Of the major
ionic constituents in ground water, only magnesium is not in significantly different
concentrations between urban and rural sites (Tables 23 and 2.4). Differences between the

other constituents are not only significant but large.
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Figure 2.10
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Table 2.6 Rain Chemistry at St. ElImo Water Quality Pond, Austin, Texas

Date NH3-N TKN NO3+NO2-N Total P Dissolved P

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
4/20/95 0.73 1.24 0.34 0.14 NA
4/22/95 1.33 1.66 0.88 0.10 0.03
5/8/95 0.43 1.36 0.26 0.07 NA
5/18/95 1.14 1.99 0.53 0.08 0.06
5/30/95 0.03 0.66 0.28 0.02 0.02
6/11/95 0.13 0.94 0.46 0.21 0.06
6/29/95 0.26 0.57 0.33 0.02 0.02
7/6/95 0.22 "IND 0.44 0.03 0.02
Median 0.53 1.07 0.44 0.08 0.04
concentration

Calcium is one of the major elements present in carbonate rocks and is usually the dominant
cation in ground water in carbonate areas. Calcium concentrations in ground water in urban
areas are 1.5 times higher in than rural areas (Table 2.4). Calcium concentrations range from 109

to 155 mg/L in urban sites and 54.2 to 116 mg/L in rural sites (Table 2.3).

Calcium sources are probably almost entirely from dissolution of carbonate rbocks. In urbanized
areas, high pH potable water may enhance dissolution of calcium-carbonate during irrigation,
thereby increasing calcium concentrations in ground water. Treated wastewater effluent may
have a similar effect. Although most soluble at low pH, calcite, the principle component of
limestone, can be dissolved at the higher pH of potable water. This occurs when the water is
undersaturated with respect to calcite. COA drinking water contains low concentrations of
major ions, including alkalinity (Ca 17-20 mg/L, Mg 16-18 mg/L, Na 30-31 mg/L, Cl 56-59
mg/L, SO4 43-46 mg /L, alkalinity 15-31 mg/L (COA ,1996¢)). Solubility diagrams (Freeze and
Cherry, 1979) show this type of water under saturated with respect to calcite and, therefore,

capable of dissolving limestone.
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The mean of potassium concentrations is over five times higher in urban sites than in rural sites
(Table 2.4). Concentrations range from 0.5 to 6.55 mg/L in urban sites compared to 0.52 to 0.85
mg/L in rural settings (Table 2.3). Factors which may increase potassium concentrations in
urban settings are not known but may be related to increased dissolution of calcium-carbonate

rocks from high pH irrigation waters or fertilizers.

The mean of sodium concentrations is over six times higher in urban sites than in rural sites
(Table 2.4). Concentrations range from 5.96 to 120 mg/L in urban sites and 3.12 to 16.4 mg/L in
rural sites (Table 2.3). Dissolution of halite (NaCl) is a naturally occurring source of sodium,
although unlikely in the shallow subsurface of the Barton Creek Watershed. There are many
manmade sources of sodium which can enter household sewage, including water softeners,
bleach, and detergents. Irrigation with treated wastewater effluent would, therefore, be
expected to increase sodium concentrations in ground water. The large number of samples in
the data set from springs in areas that appear to be influenced by effluent irrigation probably
skew the concentration averages upward. However, data from sites in the Bull Creek

Watershed show a similar trend but with lower sodium concentrations in urban areas.

The mean of chloride concentrations in urban sites is nearly six times higher than in rural sites
(Table 2.4). Concentrations range from 14 to 266 mg/L in urban sites compared to a range of 4.5
to 36.4 mg/L in rural sites (Table 2.4). As with sodium, dissolution of halite is a common
natural source of chloride but large amounts of halite in the shallow subsurface of the Barton
Creek Watershed is unlikely. Chloride is common in domestic wastewater from consumption
of sodium chloride (table salt) {Csuros, 1994). Higher concentrations found in urban sites

during this study are probably related to effluent irrigation.

The mean of sulfate concentrations in urban areas is approximately 3 times higher than
concentrations in rural areas (Table 2.4). Two of the four data points in the undeveloped area
had concentrations of 7.26, and 7.15 mg/L measured at Site 13. The remaining two data points
are 50.6 mg/L, measured at Site 32, and 40 mg/L at Site 8. These concentrations are similar to

those reported for spring locations in the urban area although less than the urban median
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concentration of 75.61 mg/L. Urban springs range from 27 to 220 mg/L sulfate. Low

concentrations generally occurred during extended wet periods.

A natural sulfate source is thought to be gypsum within the Glen Rose Formation or possibly
celestite, a strontium sulfate mineral (Senger and Kreitler, 1984). Celestite is found in Member 5
of the Glen Rose Formation. Barite, a barium-sulfate mineral, is another possible source and is a
common mineral found in soils derived from limestone weathering. Introduced sulfate in
urban areas may come from fertilizers, soil conditioners, wastewater, and possibly atmospheric

sources.

Alkalinity is a measure of the carbonate species ions (HCO3, CO3) present in water and are
typically reported as CaCO3. Alkalinities detected in the urban springs ranged from 253 to 446
mg/L and in the rural springs from 231 to 320 mg/L (Table 2.3). Higher alkalinity
concentrations in ground water from residential areas served by sewer systems have been
observed in Long Island, New York (Eckhardt and Stackelberg, 1995). Itis likely that
wastewater effluent irrigation, possibly domestic wastewater, or accelerated carbonate

dissolution are the sources of elevated alkalinities observed for this study.

2434 Total Organic Carbon

TOC values represent the organic carbon-bearing compounds present in ground water (Csuros,
1994). TOC values from urban springs range from 1.06 to 74.8 mg/L (Table 2.3). One sample
was reported above a concentration of 5.0 mg/L. Three TOC values from rural springs range
from below detection (<1.0) to 1.71 mg/L. The potential source of the organic carbon

compounds in the urban springs has not been identified.

2.4.3.5 Bivariate Analysis

Bivariate analysis of springs in urban and rural settings was conducted to determine if there
were any subtle relationships between chemical parameters. This data set is hampered by the

low number of data points from rural springs and influenced by the number of wastewater
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irrigation spring sites. Interpretation of these data relies on more abundant water chemistry

data from the Bull Creek Watershed.

COA studies of ground water from springs in the Bull Creek Watershed have identified
differences in water chemistry between springs in urban areas and those in rural areas. These
differences include total dissolved solids, nitrate-nitrogen, chloride, sulfate, potassium, sodium,
calcium, and magnesium (COA, 1993b; Johns, 1994a). Piper plots of major ions illustrate this
change in chemistry, particularly in anions, with rural ground water generally plotting below
the 20 percent sulfate plus chloride line and urban ground water plotting above this line (Figure
2.11). Figure 2.12 illustrates the bivariate diagram used by Senger and Kreitler (1984) and
Hauwert and Vickers (1994) to distinguish Glen Rose and deep Edwards waters from water in
the Edwards recharge areas as applied to Bull Creek Watershed springs. In this case, the cause
of the chemical differences is not deeper formation waters but is clearly related to urbanization.
Figure 2.12 shows clear distinction between springs in urban settings and those in rural settings
with urbanized springs being generally greater than 1.6 log 504 and between -0.4 and 0.2 log
SO4/Cl. High concentrations of sulfate in urban springs are the prime distinguishing factor for
ion chemistry. Host rock geochemistry does appear to be a minor factor in these plots, as the

lowest points along the SO4/Cl axis in the urban field tend to be Glen Rose springs.

Additional bivariate plots of Bull Creek spring water chemistry, for example nitrate-nitrogen
and specific conductance values, provide more guidance in interpreting data from the BSEA
and the CZ. Figure 2.13 shows a large spread in data points representing urban sites whereas
rural sites are clustered. The few urban sites plotting with the rural sites are located in areas
where development is in an early stage. Ground water at urban sites can be characterized by
specific conductances greater than 800 us/cm and nitrate-nitrogen concentrations greater than

1.5 mg/L. Rural sites generally have values less than urban sites.
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Figure 2.11

Bull Creek Rural and Urban Springs Ion Data
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Rural sites are indicated by plus signs (+) and urban sites are indicated by
filled circles (»).

Source: COA/DUD Database 1993-1995
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Figure 2.12

Sulfate And Chloride In Bull Creek Springs
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Figure 2.13

Specific Conductance And Nitrate In Bull Creek Springs
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Figure 2.14 illustrates the relationship between chloride and sulfate for Barton Creek
Contributing Zone springs in urban and rural settings. Significant differences occur in
concentrations of these constituents between urban and rural sites. Two data points for a
perennial spring in a rural ranch (Site 13) plot distinctly different from other data points. Two
other “rural” data points plot within the urban field. These sites are potentially affected by
urban activities: a major roadway over one (Site 32) and a single domestic septic field near the
other (Site 8). Most of the urban data points plot within the field indicating possible urban
impacts. This field is characterized by higher sulfate concentrations than found in springs in
rural settings. The distinction between these cultural settings is consistent with data from the
Edwards Group and Glen Rose Formation in both the Barton Springs segment of the Edwards
Aquifer and in the Bull Creek Watershed.

Figure 2.15 illustrates the differences between two additional constituents, total dissolved solids
and nitrate, with significant differences in concentrations from urban and rural sites. These
constituents are commonly tested for in both surface and ground water. Samples from rural
sites can be characterized by plotting below approximately 300 mg/L TDS (mean of 281 mg/L)
and generally less than 0.5 mg/L nitrate-nitrogen (mean of 0.33 mg/L). Samples from urban
sites generally plot greater than 300 mg/L TDS (mean of 447 mg/L) and 0.5 mg/L nitrate-
nitrogen (mean of 1.6 mg/L). Some exceptions are present in the urban samples, plotting close
to rurél points. These samples were all collected during very wet conditions in 1992 and 1995,

illustrating the diluting effects of abundant infiltrating rainwater.

Large fluctuations in ion chemistry occur at two spring locations: Site 55, and Site 72/73. The
differences in water chemistry are most obvious in the anion chemistry. Enough data are
available from Site 72 to develop a hypothesis of why these fluctuations are occurring. In
Figure 2.14, two urban data points plotting outside the urban impacts field are from Site 72, a
spring believed to be affected by effluent irrigation from a nearby golf course (see Appendix B,
photo 3b). Water for these two points was collected during wet periods in early 1995 and
summer of 1992. Other data from this site plot within the urban impact field. Closer
examination of data from this spring shows that the water believed to be derived from treated
wastewater is diluted during wet conditions. A Piper plot (Figure 2.16) of data collected from

this spring (Site 72 and 73) during wet and dry conditions (based on Barton Creek flow and
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Figure 2.14

Sulfate and Chloride Relationship In
Barton Creek Contributing Zone Springs
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Figure 2.15

Total Dissolved Solids And Nitrate In
Barton Creek Contributing Zone Springs
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Figure 2.16

Site 72 High And Low Flow Ion Data

TDS - mg/t per inch
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Site 72 Spring
No.| TDS Sample No. | TDS Sample
1 479 Site 72 7/7/92
2 506 Site 72 2/22/95 i
3 620 Site 72 8/29/95
4 687 Site 72 5/14/96
5 912 Site 72 9/25/96

Barton Creek at Lost Creek flow measured at 28 cfs for 7/7 /92, 16 cfs for
2/22/95,0.61 cfs for 8/29/95, 0.12 cfs for 5/14/96, and 0.9 cfs for 9/25/96. -

Source: COA/DUD Database, USGS Water Resources Data
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rainfall records) shows a clear dilution trend from dry conditions to wet conditions. During dry
conditions most, if not all, water discharging from the spring is from irrigation water infiltrating
the shallow alluvial sediments and migrating to the spring. During wet conditions, infiltrating

rainwater dominates discharge and dilutes the effluent and the resulting chemical signature.

Total dissolved solids increase during dry conditions. Data from another spring, Site 55, in a
similar setting but with a mixture of raw water and effluent irrigation practices in its watershed

appear to show the same trend.

The effect of dﬂution on water chemistry in the spring at Site 72 is also reflected in nitrogen
isotope chemistry. Samples collected under varying climatic conditions suggest a strong
inverse relationship between dry and wet conditions. For example, samples collected for two
different spring outlets during a wet period (2/22/95) show a low nitrogen isotope value
whereas samples under dry periods of 2/22/94,4/19/94, and 2/13/96 had considerably higher
isotopic values (Table 2.5). R® for the trend between Barton Creek flow and nitrogen isotopic
values is 0.968.

25 SPRINGS IN THE EDWARDS GROUP ASSOCIATED WITH THE BARTON
CREEK WATERSHED

Several important springs discharge from the Barton Springs segment of the Edwards Aquifer.
Barton Springs (see Appendix B, photo 1b) and its associated spring outlets, Old Mill and Eliza,
are the fourth largest springs in the State, following Comal, San Marcos, and San Felipe Springs
in discharge (Brune, 1981), and are the primary discharge point for the BSEA. These springs
discharge into Barton Creek a few hundred feet from the confluence with Town Lake. Cold
Springs discharges directly into Town Lake about three-fourths of a mile upstream of the
MoPac bridge or 1.5 miles upstream of Barton Creek. Cold Springs discharges from a segment
of the aquifer underlying the Rollingwood area which.may not be directly connected to Barton
Springs (Senger and Kreitler, 1984). However, recharge to the spring may include water from
the upper end of the RZ in Barton Creek and hence its relevance to this study. No other large
springs are known to discharge from this segment of the aquifer into Town Lake, based on

historical records and a temperature survey conducted during the summer of 1996: However,
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numerous cavities are visible in Edwards outcrops along the south bank of Town Lake which
probably represent ancient spring outlets. These conduits may still serve as overflow conduits,

flowing only after heavy rain or during high water levels in the aquifer.

Backdoor Spring is a perennial spring on Barton Creek in the upper end of the RZ (see
Appendix B, photo 2a). The recharge source for Backdoor is not clear but may include Barton
Creek upstream of the spring, uplands south of the spring including the Travis Country area as
far south as Oak Hill and tributaries such as Sycamore Creek near Travis Country. Campbell’s
Hole is a perennial pool on Barton Creek over the Recharge Zone about one mile upstream of
Barton Springs (Espy Huston, 1979). There is no well defined spring outlet and no water data
for this site; however, this site has water even under low flow conditions in the aquifer, based
on field observations in summer 1996. The source of flow maintaining the pool is likely from
perched water and not from the creek channel intersecting the regional water table. An
informal temperature survey of the pool at Campbell’s Hole in summer of 1996 showed the
coolest water in the upstream portion of the pool near a large fault, possibly the conduit for

discharge.

Table 2.7 summarizes results of recent COA sampling of BSEA springs.

2.51 Barton Springs

Barton Springs is the major discharge point for the BSEA. The springs issue from a fault,
juxtaposing the Edwards on the west with the Georgetown on the east (Trippet and Garner,
1976), and associated fractures and Karst openings on the south side of Barton Springs Pool (see
Appendix B, photo 1b). The main fault has been designated the Barton Springs Fault (Rodda
and others, 1970). Under high flow conditions, water can be seen discharging from numerous
small fractures along the south side of the pool. Under low flow conditions water is not
generally seen discharging above the water level of the pool but can be felt slowly flowing from

larger openings. Discharge is visible when the pool is lowered.
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2.5.1.1 Discharge

Barton Springs has an average discharge of 50 cfs and a maximum discharge of 166 cfs in May
1941 and a minimum discharge of 9.6 cfs in March 1956 (USGS, 1995). Previous researchers
have documented the close relationship between rainfall and rapid response in discharge from
the springs (Slade and others, 1986). Spring discharge can increase 20-30 cfs within 24 hours
following heavy rains and 65 cfs within days following very heavy rains. For example, Barton
Springs discharge increased from 65 cfs to 130 cfs in four days (USGS, 1992) following 12 inches

of rain over five days in December of 1991.

Previous water balance studies by Andrews and others (1984) and Slade and others (1986)
indicate that water discharging from Barton Springs is primarily recharged in the channels of
six creeks, Barton, Williamson, Slaughter, Bear, Little Bear, and Onion. Slade used flow
measurements in the six creeks and compared that with discharge from Barton Springs to
determine that 85 percent of the water discharging from the springs was recharged in these
creeks. The remaining 15 percent recharges in upland zones, minor tributaries, or from leakage
out of other aquifers. A recent water balance study by the CRWR (Barrett and Charbeneau,
1996) has revised the percentage of water each creek contributes, with Onion (46 percent) and
Barton (31 percent) estimated to provide over 75 percent of the water discharging from the
springs. A City of Austin consultant report (Santos, Loomis and Associates, 1995) determined
that of the water recharging the aquifer in creek channels, 85 percent originated as base flow in
the Contributing Zone and the remaining 15 percent originated as storm flow in the
Contributing Zone or Recharge Zone. Barrett and Charbeneau (1996) report similar values: 9

percent of total creek recharge being derived from storm water runoff.
Flow loss measurements by the USGS and the BS/EACD indicate that recharge in Barton Creek

is not uniform. Measurements by the USGS (Slade and others, 1986) illustrate this point quite

well. Flow in Barton Creek at the beginning of the Recharge Zone was measured at 74.6 cfs.
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Summary of BSEA Springs Chemistry
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Table 2.7

Summary of BSEA Springs Chemistry
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Summary of BSEA Springs Chemistry
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Average flow loss, or recharge to the aquifer, between the beginning of the Recharge Zone and
Loop 360 was approximately 1.7 c¢fs/1000 ft of channel. Between Loop 360 and the north end of
the Gus Fruh Park meander bend, flow loss was much greater, 2.7 cfs /1000 ft. This is also the
area that the Barton Springs Fault crosses Barton Creek (Garner and Young, 1976; Hanson and

others, 1996).

The difference in flow loss in different creek segments is probably most dependent on the
number and size of point recharge features in the creek channel which may be related to
particular geologic strata. Barton Creek makes a series of sharp turns in its course in the reach
downstream of the MoPac bridge to the lower end of Gus Fruh Park. These sharp bends are
likely due to structural influence and/or related solutional processes (Woodruff, 1986). Flow
loss is also probably dependent on water levels in the aquifer and creek flow, as higher flow

generates greater hydrologic head over recharge features.

During high water tables (also high discharge from Barton Springs) the lower part of Barton
Creek upstream of Barton Springs Pool changes from a losing creek where water is recharging
the aquifer to a gaining creek where water is discharging into the channel from the aquifer.
During the USGS study (Barton Springs discharge of 77 cfs (USGS, 1982)), flow increased in
Barton Creek by over four cfs from north of Gus Fruh Park to Barton Springs Pool. During very
high aquifér water levels following heavy rains during December 1991 (Barton Springs
discharge of over 100 cfs), large springs (estimated at one to three cfs) in Gus Fruh Park were
discharging from cliff walls 10-15 feet above the channel floor. COA staff estimated that the
creek was gaining flow from at least Loop 360 downstream to the pool, although no physical

measurements were taken.

2512 Chemistry

Geochemically, Barton Springs water is a calcium-bicarbonate type water. Data from this study
and others show that Barton Springs plots consistently in a relatively narrow field on Piper
diagrams (Figure 2.17), trending slightly toward enrichment in sodium, chloride, and sulfate

during low flow conditions (Senger and Kreitler, 1984; Slade and others, 1986). During high
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flow conditions, particularly when the aquifer is receiving large volumes of recharge, Barton
Springs plots close to surface water. This is indicative of the rapid nature of ground water
migration in the Edwards when water has less contact time with host rocks and may reflect the
large volume of recharge to the aquifer from Barton Creek relatively close to the springs. Table

2.7 summarizes results of recent COA sampling of BSEA springs.

The chemical quality of Barton Springs has been the subject of considerable scrutiny as
environmental and land speculator interests debate the effects or potential effects of
urbanization on water quality of the springs. These examinations have primarily focused on
whether the quality of water in Barton Springs has changed through the years. Unfortunately,
historical chemical data for Barton Springs are sparse and not adequate to evaluate long term
time trends. Time trends based on more recent chemical data from the USGS, late 1970’s
through 1990’s, are inconclusive as to whether there have been increases in concentrations of
constituents, particularly nutrients and metals. Barrett and Charbeneau (1996) conclude that
nitrate in Barton Springs has remained essentially unchanged over the last 15 years, although

the overall change in impervious cover during the study period is fairly small.

Average nitrate-nitrogen concentrations at Barton Springs under different discharge conditions
remain unchanged from 1981 to 1996 (Table 2.8). Detailed data collected in 1981-82 (Andrews
and others, 1984) indicate nitrate averaged 1.54 mg/L under low discharge conditions (<40 cfs),
1.41 mg/L under average discharge (40<BS<60 cfs), and 1.21 mg/L under high discharge (>60
cfs) conditions. These data are similar with COA /DUD data collected during 1995-96 which
indicated nitrate averaged 1.46 mg/L during low discharge, 1.48 mg/L during average creeks.
The recent high discharge average is great than in 1981-82 but there are only five data points
and other variables such as Barton Creek flow, antecedent moisture, and samplé collection
times relative to rainfall must be evaluated before any conclusions can be drawn. Several
unusual chemical constituents have been detected in Barton Springs. There have been several
documented occurrences of tetrachloroethylene in Barton Springs beginning in 1989 and ending
in 1993 (USGS, 1989, 1990, 1991, 1992, 1993). Concéntrations ranged from 0.2 to 1.7 ug/L.
Additional samples collected in 1995 and 1996 have not detected this compound. As this
chemical is anthropogenic in origin, there can be little doubt that human activities, dumping or

illegal discharges to storm sewers, or leaking storage tanks, caused the contamination.
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Figure 2.17

Barton, Old Mill, Eliza, Cold, and Backdoor Springs Ion Data

860

L —— (PRSI 3
Ca Ci
Cations % meg/i Anions

Data points represent results from samples collected from Barton, Old Mill,
Eliza, Cold, and Backdoor Springs over the same time period.

Source: COA/DUD Database 1994-1996
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Table 2.8 Barton Springs Discharge/Nitrate Values

DISCHARGE STAGE NO3-N SOURCE AND SAMPLE
cfs mg/L SIZE

USGS 1981-82
BS<40 1.54 n=5
40<BS<60 1.41 n=28
BS>60 1.21 n=29

ATCHHSD 1986-95
BS<40 1.45 n=27
40<BS<60 1.35 n=21
BS>60 1.26 n=49

COA/DUD 1995-96
BS<40 1.46 n=18
40<BS<60 1.48 n=6
BS>60 1.40 n=6

Several heavy metals are commonly detected in Barton Springs water, including arsenic,
barium, copper, iron, lead, selenium, and zinc (Andrews and others, 1984; USGS, 1989 - 1995).
It is unclear if these are present due to human activities, although it is unlikely that natural
concentrations of metals such as lead, arsenic, and zinc are sufficient to sustain detectable
concentrations in transient ground water. Heavy metals were more commonly detected in

samples collected following storms than during base flow conditions.

Several factors complicate time trend analysis, including natural variation in chernical
concentration, rapid migration of storm waters in the aquifer, timing of sample collection in
relation to storms, and the relationship of spring discharge volume to constituent
concentrations (i.e. they decrease as flow increases). Senger and Kreitler (1984) documented the
inverse relationship of discharge to sodium, chloride, and sulfate concentrations. Their

evidence indicated that during periods of low discharge, water from the “bad-water” line crept
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into the main body of the aquifer, mixed with fresher aquifer water, increasing constituent
concentrations, and discharged from Barton Springs. Andrews and others (1984) and Slade and
others (1986) documented the relationship between bacteria and rainfall and illustrated the
relationship between high discharge volumes and low specific conductance. Andrews also
noted the inverse relationship between recharge volume and nitrate-nitrogen. Slade (1986) and
Slade and others (1986) documented the correlation between heavy rainfall and high turbidity

in Barton Springs.

COA staff analysis of data collected since these early 1980’s reports generally confirms the
trends previously discussed. Analysis of data collected by the USGS from 1978 to 1993 indicates
that turbidity and bacteria are higher in spring samples following storms (as defined in data
sets as samples with bacteria concentrations greater than 100 colonies/100 ml) and specific
conductance and magnesium were lower following storms. A number of chemical constituents
are inversely related to spring discharge (i.e. they decrease as flow increases). These include
total dissolved solids, specific conductance, nitrate-nitrogen, total nitrogen, magnesium,
sodium, chloride, sulfate, and fluoride. Dissolved oxygen is directly related to discharge with
high concentrations during periods of high spring discharge. T-tests of chemical constituents
based on high flow verses low flow, with low flow being defined as spring discharge of less
than 50 cfs, indicate a number of constituent trends related to flow conditions. Alkalinity, total
dissolved solids, nitrate-nitrogen, hardness, magnesium, sodium, chloride, sulfate, and fluoride
were all in lower concentrations during high discharge conditions. Dissolved oxygen and total

suspended solids and fecal coliform bacteria were all higher during high discharge conditions.

A detailed analysis of nitrate-nitrogen indicates a well defined correlation between median
nitrate-nitrogen concentrations and median rainfall totals (INational Weather Service, 1996).
Figure 2.18 illustrates a bimodal distribution of low nitrate-nitrogen concentrations in Barton
Springs (based on ATCHHSD data from 1986-1995) in May and June and again in October and
November which corresponds to bimodal high rainfall medians during the same months.
Separate time trends for monthly nitrate-nitrogen data from the ATCHHSD from 1985-1995
show that nitrate-nitrogen concentrations have been decreasing over this time interval,

inversely correlating with generally increasing rainfall median totals. Future analysis of
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nutrient trends and all other chemical trends in Barton Springs must factor in rainfall and

recharge to determine if constituent concentrations are changing over time in the springs.

2.5.1.3 Data From In-situ Data Loggers

A DataSonde has been deployed periodically in the springs from March 1993 through
September 1993 and nearly continuously since April 1994. The first deployment location
proved to be too accessible and the unit was tampered with regularly, affecting data collection.
A less accessible location with better exposure to spring discharge has been used since July 1994

with excellent data collection.

Figure 2.19 illustrates a record of depth and specific conductance during a typical month.

Depth has been surprisingly useful in recording changes in pool water levels for maintenance
and during flooding as well as helping determine when the DataSonde has been tampered with.
Specific conductance is very useful in determining the timing of storm water impacts to the
springs as well as providing data for understanding aquifer dynamics and structure. The
troughs in Figure 2.19 correlate with rains of 0.9 and 3.6 inches (as measured by COA Flood
Early Warning System, FEWS) when less mineralized rain water recharges the aquifer and
discharges from the springs. More specific discussion of the effects of rainfall on Barton Springs
is included in the Section 2.5.1.4 of this report. The spikes in specific conductance correlate with
the drops in pool water levels. Figure 2.20 illustrates specific conductance of the springs over
the period of record, ranging from a high of approximately 725 us/cm (microsiemens per
centimeter) in September 1994 to a low of 530 us/cm in April 1995. Short term troughs, lasting

several days, have even lower specific conductance following large rain events.

Figure 2.20 also shows the changes that occur resulting from recharge of large volumes of
water during rainy periods, such as November 1994 through September 1995, as well as steady
increases in specific conductance following extended dry weather as seen in April 1994 through

August 1994,
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Figure 2.19

Barton Springs Specific Conductance and Depth
November 1995
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Figure 2.21 shows a typical record of turbidity and dissolved oxygen. Dissolved oxygen (DO)
tends to be greatest during periods of high recharge when large volumes of well oxygenated
surface waters enter the aquifer and lowest when recharge is minimal and spring discharge is
low. Notice the regular shallow troughs in DO that correlate with lowering water levels in the
pool. Turbidity in the springs is usually very low, below one NTU (nephelometric turbidity
unit). Turbidity will increase following rains when runoff carries sediment into the aquifer and
to the springs. Spring turbidity will sometimes increase when the pool water level is being
lowered. During periods with low to moderate rainfall events (especially droughts) sediment
may locally accumulate in aquifer conduits as runoff washes loose dirt and soil into recharge
openings but lacks sufficient energy to flush sediment through the aquifer system. This
effectively stores sediment until heavier rains increase recharge rates and raise water levels in
the aquifer to flush sediment from conduits. The very low turbidity in the spring of 1996 is
probably related to a number of factors, including: very low discharge velocities, even with
dropping water levels in the pool; lack of heavy rains to mobilize surface sediment, and perhaps
a prolonged period of high discharge velocities during spring and summer of 1995 which may

have mobilized most sediment near the spring outlet.

This aspect of sediment loading and discharge in the aquifer may mimic conditions when
urbanization increases in recharge watersheds. Increasing impervious cover will generate
runoff from smaller rain events. This could increase sediment washoff and instream erosion,
depositing sediment in the aquifer. Heavier rains will probably still flush out accumulated
sediment but urbanization may increase the frequency of high turbidity events in Barton
Springs and in general increase the TSS load to the pool. Such dynamic responses are obvious
from short-term intensive data, but they cannot be simulated by currently available aquifer

models.

A discussion of the characteristics of sediment in the aquifer, transport, and contaminant
potential of sediment is available in Mahler (1997). This dissertation concluded that sediment
discharging from Barton Springs is a mixture of surface derived and aquifer derived sediment.

The suspended load discharging from the springs included fibers and glass.
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Figure 2.22 shows a record of temperature and pH during a typical month. Temperature tends
to be relatively constant, around 21 to 21.5 degrees Centigrade, but will change a degree or two
following rainy periods during winter or summer in response to recharge of large volumes of
unusually cold or warm water (when atmospheric temperatures are at extremes). This can be
seen in Figure 2.23 by temperature approaching 22 degrees C in May and June of 1994 following
extensive rain. This is also shown by temperatures near 19 degrees C in December 1994 and
January 1995. Temperature also dips slightly corresponding to drops in pool water levels. In
addition, pH is relatively constant, and the chart shows instrument drift common for pH.

Typically, pH is not always affected by rain events but can change following large rain events.

25.1.4 Transient Impacts Of Rain Events

The COA has made numerous efforts to study the effects of rainfall on Barton Springs water
quality. The springs have been sampled for bacteria since the early 1980s, following rains of 1
inch or greater. The USGS, in cooperation with the City, has sampled the springs for several
days following recharge events. The COA sampled the springs daily following two rains in the
1980’s. City staff also sampled the springs hourly following two rains in 1992 and 1993.
Deployment of the DataSonde in Barton Springs has recorded effects of numerous rain events

on the springs.

DataSonde deployment has vastly increased information on the impacts of rain and recharge on
Barton Springs. Rainfall and resulting recharge potentially affects all the parameters on the
DataSonde, although specific conductance, dissolved oxygeh, turbidity, and temperature are
most readily affected. The degree or magnitude to which these parameters are affected is
related to the magnitude of rainfall. Large events tend to have large impacts. Several other
factors also may affect responses in the springs, including intensity of rainfall, antecedent soil
moisture conditions, antecedent flow in the recharge creeks (existing base flow may dilute and
buffer storm water impacts), and spring discharge volﬁme (also possibly buffering storm water

effects).
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The basic water chemistry measurements and responses to rain events recorded by the
DataSonde are valuable in both understanding basic characteristics of the springs as well as
providing more baseline data for monitoring impacts to the springs from urbanization in the
future. DataSonde records can be used to determine the relative frequency, duration, and
intensity of impacts as measured by its probes and also cumulative impacts. For example,
turbidity data (as a measure of TSS) can be used in the future to evaluate changes in sediment
loads discharging from the springs to determine if construction activity or stream erosion
increases the intensity and duration of turbidity incidents in the springs. Section 2.4 of this
report indicates that specific conductance is higher in urban ground water. This information
can be used in the future to determine if specific conductance in the springs is higher under
similar discharge rates. Temperature may also be used to evaluate future impacts.
Temperature of stormwater runoff from impervious surfaces is higher than runoff from
vegetated surfaces. Future changes in temperature responses in the springs following rain
events could be related to increasing impervious cover in the spring watershed. Dissolved
oxygen is important for aquatic life. Future dissolved oxygen measurements may indicate
declines in DO that could be related to decay of higher organic debris loads in recharging creeks

and perhaps in the aquifer.

Based on the DataSonde records to date, specific conductance appears to be the most sensitive
measured parameter that is affected by rainfall. Andrews and others (1984) noted the
relationship between recharge events and lower specific conductance in the springs from less
mineralized rain water entering the aquifer. Figure 2.24 shows typical response patterns of
specific conductance following different amounts of rain. DataSonde records indicate that rains
of even one-third of an inch can drop the specific conductance in Barton Springs by five to 10
us/cm. Small rains impacting specific conductance have occurred in winter and summer but
usually during lower discharge volumes (below 55 cfs). The effects of small rains on specific
conductance can be masked by chemistry changes caused by lowering the water level in the
pool. Heavy rains have dropped the specific conductance as much as 85 us/cm over a short

period.

Figure 2.25 illustrates the relationship between the amount of rain and the specific conductance

response. Geometric, exponential, and polynomial equations were used in regression of this

75



data. A second order polynomial equation produces the best fit to the data but not greatly over
a linear equation (R” of 0.5409 vs. 0.5066). A stronger relationship may be possible by grouping
data collected under similar conditions, accounting for creek flow, spring discharge, and

antecedent moisture,

Turbidity in the springs is not always affected by rain events. This may be due to the buffering
factors previously discussed. Figure 2.24 shows a typical response pattern of turbidity to
different amounts of rainfall. The magnitude of the turbidity response is also related to the
magnitude of the rain event (Figure 2.26). A second order polynomial equation provides the
best R* but only slightly over a liner equation (R° of 0.9002 vs. 0.8549). Calibration of the
turbidity probe is complicated and consequently the lower sensitivity of the DataSonde may

vary with each calibration. The probe may not always detect slight changes in turbidity.

Dissolved oxygen measured in the springs is affected by rainfall and recharge because water in
the recharging creeks is usually more oxygenated than the aquifer water. Short term effects on
dissolved oxygen tend to be small, increasing less than 0.1 mg/L. Rains greater than one inch
can increase DO up to 2.5 mg/L. Figure 2.27 shows dissolved oxygen response following
different amounts of rain. There have been a few rain events which lowered DO. These have
occurred during the summer months and are probably related to the slightly higher

temperatures in the surface creeks and atmosphere during these months.

Temperature is usually affected by rain events but with a slightly longer lag-time than other
parameters. Figure 2.27 illustrates the temperature response following different-amounts of
rain (arrows indicate general location of response). The typical temperature signature following
rain is an initial increase followed by a decrease below pre-rain levels. The magnitude of
decrease is related to the magnitude of rainfall. However, in May through September, the
temperature does not usually decrease to below pre-rain levels. These characteristics are
probably due to a combination of atmospheric and terrestrial conditions (i.e. lower altitudes and
land surfaces are warmer producing the initial temperature increase). As rain continues, the
lower altitudes and land surfaces are cooled somewhat and there is greater influence of higher
altitude cool air and rain, thereby allowing a temperature decrease. Temperature of the rain is

not sufficiently buffered by cool high altitude temperatures during summer months. The fact
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Figure 2.24
Barton Springs Specific Conductance and Turbidity

October 1994
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that temperature rises in the springs following even winter rains is surprising. This may be
due to relatively warm land surface temperatures actually warming runoff and recharge water

as it passes from uplands to creek channels to aquifer to springs.

Rainfall and recharge effects on pH are very subtle, with changes from even large events
measured in hundredths of pH units. There may be too little contrast between the pH of
rainfall, surface water, and spring water to produce a dramatic change or the buffering capacity
of the aquifer may be sufficient to limit large shifts in pH. The pH of surface water in Barton
Creek is around 7.8 (see Table 3.2 in this report), whereas spring pH is around 7.0 so the drops
in pH associated with rain events must result from large volumes of slightly more acidic rain
water entering the aquifer and discharging from the springs. Figure 2.28 shows the magnitude

of pH response following different amounts of rain.

Little historical data are available to examine the potential for reduction of contaminants which
enter with recharge waters and discharge from the springs. In a single case, determining

attenuation for turbidity (as a surrogate for TSS) by the aquifer was possible.

In this case, an intense thunderstorm in October 1994 dropped over 2 inches of rain at Loop 360
and nearly 4 inches elsewhere in the Barton Creek Watershed. Flow in Barton Creek quickly
increased from zero to 790 cfs (USGS, 1995), overtopping the upstream dam at Barton Springs
Pool and flooding the pool with turbulent muddy storm water runoff (Figure 2.24). Barton
Springs discharge prior to the rain was relatively low, approximately 25 cfs. The combination of
flooding and low spring flow enabled creek storm water to reach the DataSonde at the bottom
of the pool. The DataSonde recorded a rapid change in water chemistry indicating
measurements of Barton Creek storm water. The creek water characteristics included low
specific conductance, high turbidity, high dissolved oxygen, and high pH. As flooding
subsided and spring discharge increased, aquifer water again flowed across the probe. This
sequence of events allowed recording characteristics of storm water which both recharged the

aquifer and later discharged from the springs.
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Figure 2.27
Barton Springs Dissolved Oxygen and Temperature

October 1994
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Turbidity during the October 1994 event was analyzed to estimate the amount of attenuation
TSS undergoes in the aquifer during and following a rain event. Turbidity values in the creek
storm water averaged 180 NTUs compared to average peak spring turbidity of 49 NTUs. Based
on these values turbidity was reduced approximately 73 percent during passage through the
aquifer. Since most storm water and spring turbidity is caused by suspended solids, a 73
percent reduction implies that large amounts of solids drop out of suspension and are deposited
in the aquifer. Data from 1981-82 (Andrews and others, 1984) suggest even greater TSS
reduction, approximately 95%, based on samples collected from Loop 360 and Barton Springs.
The fate of the deposited sediments is not known. They may be remobilized during succeeding
storm events, much as sediment in creek channels, and gradually migrate to a discharge point

or be in long term storage only to be re-suspended during exceptional events.

2.5.1.5 Timing of Rain Impacts

The temporal relationship between rainfall and storm water effects in Barton Springs have not
been understood until recently. In fact, several years ago when the primary closing criterion for
Barton Springs Pool was fecal coliform bacteria concentrations in excess of 200 colonies/100 ml,
bacteria samples were collected following rains without regard to how long after the rain the
sample was collected. No data were available to give pool managers an idea of how long it took
for bacteria concentrations to increase following a rain. Knowing that bacteria concentrations
increase because of storm water runoff from both urban and rural land; COA staff examined
bacteria data from the ATCHHSD and rainfall data from the FEWS from 1986 to 1992 to provide
the first analysis of this time lag (Johns, 1994b). Figure 2.29 illustrates the results of this effort.
The figure shows that bacteria concentrations first begin to increase approximately 11 hours

following rainfall.

Preliminary results indicated by the historical data were verified by intensive sampling
following a storm in November 1992 (Johns, 1994b). In this case, more specific information was
available on flow conditions in Barton Creek and Barton Springs as well as the effects on other
parameters monitored during the sampling. Barton Springs was discharging approximately 102
cfs, Barton Creek was flowing 6.2 cfs at Loop 360 and there was no rain greater than 0.08” for six

days prior to the three inch rain that was monitored. Figure 2.30 shows that a decrease in
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specific conductance coincided with an increase in fecal coliform, indicating that the storm
water was discharging from the springs 14 hours following the rain. Turbidity (Figure 2.31)
also spiked at 14 hours, but turbidity began gradually to increase well before the spike at 14

hours.
Additional discussion on this characteristic is provided in Section 2.5.6 of this report.

Refinement of the timing of rainfall effects on Barton Springs can be determined by using
closely spaced data points from DataSonde records and rainfall records from the FEWS rain
gages in the springs’ contributing watersheds. These records indicate when rain begins and
when runoff from that rain begins to discharge from the springs. Figure 2.32 shows the time
between rainfall and when specific conductance was first affected. Most data indicate a lag of
over 10 hours between rainfall and specific conductance effects, however a few data points plot
between five and seven hours. The source and cause of the early responses is unknown. A
specific relationship between spring discharge rate and these early rainfall effects was not
identified althéugh they do all occur when spring discharge is between 40 and 60 cfs. Many
later rainfall effects also occur under these flow conditions. It is possible these data points result
from recharge more proximal to the springs, perhaps in a tributary. Another possibility is
recharge in Barton Creek just upstream of Barton Springs Pool where urbanized tributaries
allow rapid runoff of storm water. However, a few data points representing early rainfall
impacts to the pool occur when Barton Creek is gaining flow upstream of the pool, suggesting

that another recharge location is more likely.

DataSonde records also indicate that very small rains also affect Barton Springs. Some rains
between 0.2 inches and 0.5 inches have a small but noticeable impact on spring chemistry,
whereas other similar rains do not. The main factor influencing these impacts appears to be
spring discharge rates, with flow at Loop 360 also playing a role. Rains affected the springs
when spring discharge was below 55 cfs and flow at Loop 360 was zero. Rains that did not
affect the springs usually occurred at discharge rates over 68 cfs with Loop 360 flow not a
significant factor during high spring discharge. The mechanism allowing small rains

generating runoff only in urban areas to impact the springs is unknown. One possibility is a
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perched flow conduit in which recharge waters enter, perhaps only in a certain area, that leads

to the springs without significant mixing with aquifer water until very near the springs.

Travel velocity for storm water in the northern portion of the aquifer can be estimated by
knowing when recharge begins (assumed at 1/4 - 1/2” rain), the time when impacts are first
detected in the spring and assuming likely recharge points. Previous studies have shown that
85 percent of the recharge to the aquifer occurs in the creek beds (Andrews and others, 1984).
Previous studies have also shown the creek reaches where large volumes of recharge occur.
These previous studies combined with field examination of potential or known recharge
features can allow for approximations on specific recharge locations to determine at least “ball
park” estimates on ground water migration velocities for storm water in the northern-most
section of the aquifer. Using 14 hours as an average time for rain to impact the springs and
selecting several possible recharge points, a range of travel rates for storm water can be
estimated. Selected recharge points include a small tributary in Barton Hills where the Barton
Springs fault is exposed, Loop 360 where recharge rates are high based on USGS studies and a
rain gauge is present, MoPac where a large sinkhole (Jones Sink, Hauwert, 1995) is present, and
the upper end of Barton Creek Recharge Zone where a Karst opening is visible in the bed of the
creek. Based on these sites, ground water migration times for storm water vary from 330 ft/hr
for Barton Hills, 855 ft/hr for Loop 360, 1070 ft/hr at MoPac, and 1215 ft/hr for the upper end
of the Recharge Zone on Barton Creek. An average velocity for estimates from all sites is 867
ft/hr. If one assumes the Barton Hills point is the source of recharge that causes the specific
conductance responses in about 6 hours, water from this point travels at approximately 660
ft/hr. These results are well within published ground water velocity ranges for Karst aquifers

(ASTM, 1995).

Estimating ground water velocity from Williamson Creek is more difficult because rain rarely
falls in this watershed exclusively, and rainfall in the Barton Creek Watershed obscures impacts
of Williamson Creek recharge water. However, on August 7, 1995 a summer thunderstorm
dumped between 0.43 and 1.34 inches in the Williamson Creek Watershed exclusively. A very
subtle change in temperature was detected 65 hours later in Barton Springs (Figure 2.33). Using

this travel time and theoretical recharge points at Oak Hill and Brodie Lane generates ground
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water velocity ranges between 340 and 450 ft/hr for storm water from this watershed to Barton

Springs.

The slight response detected in Barton Springs from the rain in the Williamson Creek
Watershed and the much more dramatic responses seen in Barton Springs from other rains,
including one of similar size centered mainly in the Barton Creek Watershed on July 30, 1995,
illustrate that the springs respond more quickly and more dramatically to rains and recharge in
Barton Creek than any other creek. This also implies that future water quality in Barton Creek

will have a dominant role in both long and short term effects on Barton Springs.

2.5.2 Eliza and Old Mill Springs

Eliza and Old Mill Springs are additional spring outlets of the Barton Springs system. Eliza
Spring is located on the north side of Barton Creek near the lower end of Barton Springs pool.
Water upwells through holes drilled into the floor of the pool and through cracks in the
concrete sides. Old Mill Spring discharges from the south side of Barton Creek about 200 feet
downstream of the lower end of the pool. The spring surfaces in an old Works Progress
Administration pool structure. Rubble on the bottom prevents access to the actual spring
opening. Water enters the spa pool through the bottom rubble and through terrace alluvium on

the south side and discharges from the pool via a concrete culvert leading to Barton Creek.

Chemically, water from Old Mill and Eliza springs is very similar to water from Barton Springs.
Figure 2.17 plots the major ions from each spring during recent sampling and indicates the
calcium-bicarbonate signature expected of these springs. Eliza and Barton springs are the most
similar, whereas Old Mill Springs has a larger sodium, chloride, sulfate, and potassium
component than the other two springs. Previous studies have attributed higher TDS
concentrations in Barton Springs during periods of low flow to leakage from the “bad water
line” (Slade and others, 1986; Senger and Kreitler, 1984; Senger, 1983). Senger and Kreitler
(1984) showed that samples from the bad water line typically have higher concentrations of
sodium, chloride, and sulfate, identical to the constituents with higher concentrations in Old

Mill Springs. Old Mill Springs may constantly discharge some bad water line water, as it is
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physically closer to this water zone, although other sources of sulfate are possible such as from
urbanization. Ion trends through 1995 and into 1996 generally correlate low flow conditions in

the aquifer with increasing concentrations of these constituents.

Since 1994, the COA has periodically collected samples from these springs to test for a
comprehensive suite of parameters, including nutrients, major inorganics, and selected metals.
Some tests have included pesticides, herbicides, volatile and semi-volatile organic compounds.
Table 2.7 indicates the metals detected in these springs. All metal detections were in the parts
per billion (ppb) range. No herbicides, pesticides, volatiles, or semi-volatiles have been
detected in either spring by COA testing. The BS/EACD (Hauwert and Vickers, 1994) detected
total petroleum hydrocarbon (TPH) in Old Mill during two separate collections. The first
sample was collected March 16,1994, 10 hours following 0.35 inches of rain and detected 1.9
mg/L TPH. A second sample was collected under base flow conditions on April 18, 1994 and
detected 1.3 mg/L TPH.

Metals commonly are identified in Old Mill Springs, including barium, iron, manganese, and
strontium. Copper and nickel have been identified in single separate samples. The BS/EACD
also detected several heavy metals (arsenic, copper, iron, lead, selenium, and zinc) in the March
1994 storm sample, all within the ppb range in both dissolved and total analyses. A COA
sample from Old Mill September 8, 1995 16 hours following a 0.9 inch rain also detected some
common metals (barium, copper, iron, manganese, and strontium) but arsenic and lead were
not detected in the sample. Low bacteria concentrations during this sampling suggest that
storm water either had not yet begun to discharge from the spring or had already passed

through the conduit system.

Testing for metals in Eliza Spring has been conducted for fewer metals, but copper, iron, lead,

and nickel have been detected (Table 2.7).
Nutrient concentrations from Old Mill and Eliza Spririgs (Table 2.7) differ from each other

slightly. Both springs have similar nitrate-nitrogen, ammonia-nitrogen, and phosphorous

concentrations under base flow conditions. No storm flow samples have been taken.
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Multiprobe data loggers have been placed into Old Mill Springs three times over the past year.
Equipment problems and placement location prevented collection of good data during one
deployment. Deployment during November 1995 and January 1996 failed to record any rain
events; however, non-storm data indicate diurnal variations in temperature and dissolved
oxygen that may be attributed to solar heating of the pool water and an increase in oxygen
production by algae in the pool. Additional comparisons between these springs using results of

in-situ multiprobe data loggers is presented in Section 2.5.5 of this report.

In-situ instruments have not been used in Eliza Spring because of poor locations available for

secure placement.

2.5.3 Cold Springs

Cold Springs (and associated Deep Eddy Spring) discharges along a fault in the Rollingwood
area of the aquifer into Town Lake northwest of Barton Springs (Plate 1, Site 97). Senger (1983)
measured water level changes coincident with dropping water levels in Barton Springs Pool
and determined that this area of the aquifer was not directly connected to Barton Springs.
Brune (1981) states that these springs discharge from artesian pressure, though field

observations for this study do not indicate artesian discharge.

Currently, the springs discharge from limestone and river alluvium a few inches above the
water level in Town Lake. Additional spring discharge occurs below the water surface of Town
Lake along the slope toward the bottom of the lake as indicated by cool water temperatures
relative to lake water. Discharge from the surface springs varies noticeably from wet to dry
conditions. Under wet conditions, springs discharge from two primary outlets about 20 feet
apart and several smaller outlets in river alluvium on either side of the primary outlets. During
dry conditions, most visible discharge is from a single outlet where a small cistern detains flow
and separates it from river water. Brune and Duffin (1983) reported discharge above the lake

surface ranging from 2.9 to 4.2 cfs.
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Piper plots of Cold Springs ions indicate calcium-bicarbonate water nearly identical to Barton
Springs water (Figure 2.17), although with slightly less dissolved solids. Concentrations of
major ions tend to be less than either of the other Edwards springs. A summary of nutrient data
from samples collected over a similar time as other Edwards springs is shown in Table 2.7.
These data indicate median concentrations of nitrate-nitrogen of 1.15 mg/L, ammonia-nitrogen
0.02 mg/T,, TKN 0.16 mg/L, ortho-P 0.06 and 0.03 total P. These values tend to be less than in

the other springs, except ortho-P which is higher and ammonia-nitrogen which is the same.

Parten (1991) sampled Cold Spring three times to determine if rainfall was flushing septic tank
effluent to the springs. Two samples were collected approximately 8 and 9.5 hours following
two different storms in the one inch range and one sample was collected following dry
conditions. Parten attributed doubling of nitrate and ammonia-nitrogen concentrations to
flushing during rains and a decrease in chloride to dilution. A similar response was found
during COA sampling 10 hours following a one inch storm 9/20/95. However, in all these
cases both fecal coliform and fecal streptococcus bacteria concentrations were low, 2 - 25
colonies /100 ml, apparently in background ranges. Based on evidence from Barton Springs
where bacteria concentrations increase dramatically following rains, these Cold Springs samples
do not appear to be storm water. One possibility is that these samples represent water
recharged in uplands areas relatively near the springs, and that the nutrients and other

constituents were leached out in the unsaturated zone.

Insufficient data exist to determine when storm water runoff discharges from Cold Springs.
DataSonde deployment either missed storms, or tampering during deployment prevented data
collection. COA grab samples from other Karst springs indicate that bacteria concentrations
should increase in the springs. A grab sample 8/16/91 was collected 36 hours following a one
inch rain and had a fecal coliform concentration of 127 colonies /100 ml. Another sample on
5/15/94 was collected 14 hours following a .75 inch rain and had a fecal coliform
concentration of 532 colonies/ 100 mi; however, a 1.25 inch rain occurred 45 hours prior to

sampling, making it impossible to determine which rain was affecting the spring.
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2.54 Backdoor Spring

Backdoor Spring is located at the upper end of the Recharge Zone on Barton Creek
approximately 0.7 miles downstream of the Mt. Bonnell Fault and the beginning of the
Recharge Zone (Plate 1, Site 82) (see Appendix B, photo 2a). The spring discharges from the
base of a thick vuggy micrite in the Dolomitic Member of the Edwards Group (member usage of
Hauwert and Hanson, 1995) at the downstream end of a series of small seeps and springs below
Sculptured Falls. These discharges form a rare perennial pool over the Edwards Aquifer
Recharge Zone. A cave adjacent to the spring indicates a paleokarst flow conduit. Flow
estimates range from 10-20 gpm (Brune and Duffin, 1983; Hauwert and Hanson, 1995) to three
gpm in April 1996 following very dry conditions.

Regional Edwards ground water table elevation is far below the elevation of this spring,
indicating that this is a perched water table, perhaps resting on less porous micrite in the
Dolomitic Member of the Edwards. The recharge basin for this spring is largely unknown.
Unpublished data from the BS/EACD indicate perched water at several sites south of Backdoor
Spring extending to the Hwy 290 area. Some recharge may come from Barton Creek where it
enters the Recharge Zone upstream of the spring. Veni (1988) used spring base flow volumes to
calculate the size of Karst drainage basins. Using 0.1 square miles for each gallon per minute of
discharge (three to 20 gpm) yields a recharge basin ranging from 0.3 to two square miles for
Backdoor Spring. A ground water basin of two square miles would roughly include all the area

between the spring on Barton Creek and U. 5. Hwy 290.

Chemically, Backdoor Spring is similar to the other springs. Subtle differences can be seen,
however, in the ion chemistry. A Piper plot of recent ion data from Edwards springs (Figure
2.17) indicates that Backdoor Spring water has slightly higher bicarbonate and lower sulfate
than the other springs, plotting below the 20 percent SO4+Cl line, whereas the other springs
plot above it. This is a signature associated with the more rural areas of the aquifer, as
discussed in Section 2.6 of this report. Plots of Backdoor Spring ion milliequivalents on
Schoeller diagrams are almost exactly the same as those for rural springs in the Bull Creek
watershed. Since the Jollyville Plateau springs are fed by upland recharge, the similarity of

Backdoor Springs may indicate that it also receives recharge from nearby rural uplands and is
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currently minimally affected by urban activities. New development in the nearby upland area

may change the chemistry of this spring in the future.

Both nitrate and TKNN concentrations in Backdoor Springs (Table 2.7) are similar to Barton
Springs and generally higher than the other three springs (Eliza, Old Mill, and Cold). The
significance of this fact is unclear with the current amount of data available. The cause of the
relatively high nitrate and TKN may be related to past effluent disposal from the Travis
Country Package Treatment Plant. Treated effluent was sprayed over the uplands near the
spring until the plant and irrigation system were taken off line in 1994. Upland recharge may

contain greater concentrations of nutrients leached from soils (Barrett and Charbeneau, 1996).

Metals detected on Backdoor Spring include those commonly found in other springs, barium
and iron. However, low concentrations of nickel, silver, and lead were detected separately in
three different samples during 1995. Nickel is frequently detected in spring samples, although
in greater concentrations in springs in urbanized settings. Hem (1989) notes that the
concentrations of nickel in river water probably reflected its natural abundance and its

extensive cultural use.

2.5.5 Comparisons Between Edwards Springs

While a large amount of water chemistry data is available for Barton Springs, much less data are

available for the other springs discharging from the BSEA.

DataSondes have been placed in each Old Mill and Cold Springs while a second DataSonde has
been deployed in Barton Springs to compare basic water chemistry and responses to specific
rain events. Unfortunately, no rains occurred during these dual deployments. However, this
effort has provided data for comparisons of basic water properties among the three springs. In
the following figures, the data for Old Mill and Barton were collected over the same time period
in early 1996, whereas the data for Cold Spring were collected in the days immediately
following and overlaid for comparison. Figures 2.34, 2.35 and 2.36 compare temperature, pH,
and specific conductance and illustrate noteworthy differences among these otherwise similar

springs.
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Temperature indicates that Cold Springs, as its name implies, is nearly a degree cooler that
Barton. Cold Springs’ specific conductance is much lower than either Barton or Old Mill. The
pH in Cold Springs is between Barton and Old Mill. Old Mill has a slightly lower temperature
than Barton, possibly because of exposure of the garden pool to cool winter weather. Higher
specific conductance in Cold Springs may result from contributions of harder waters from the

area of the bad water line or other sources.

Differences in basic water chemistry may be due to the dominant source of water for each
spring and residence time in the aquifer. The source of water for Cold Springs is generally
thought to be the Rollingwood area, Eanes Creek, and probably the upper part of Barton Creek
(Senger and Kreitler, 1984).

Cold Springs’ specific conductance is much closer to that of surface water and may be
indicating a relatively direct surface water recharge source. A partial record from deployment
in Cold Springs in April 1995 shows a steady decrease in specific conductance over a 10 day
period from 530 to 470 us/cm (Barton Springs remained constant at about 540 us/cm). USGS
records (USGS, 1995) indicate rain increased flow in Barton Creek, as measured at Lost Creek
Blvd., just before the DataSonde was put in the spring. Specific conductance measured in Pool
9, in Barton Creek immediately above the Recharge Zone, in May was approximately 480
us/cm, a drop from approximately 590 us/cm in February. The change in Cold Springs specific
conductance during April 1995 may be due to recharge of low ionic strength water in Barton
Creek following rains in early April. Cooler temperatures in Cold Springs in the winter (Figure

2.35) may be due to recharge of cold winter surface water and a fairly quick travel time to the

spring.

Another potential source of water to Cold Springs includes Town Lake and Lake Austin.
Monitoring in Town Lake at Red Bud Isle upstream of Cold Spring shows lake water with a
specific conductance of 510 to 530 us/cm in early 1996, close to that in the spring. Town Lake
appears to be an unlikely source of recharge to the éprings since the water surface is lower than
the spring discharge point. Water recharging from Lake Austin upstream of Tom Miller dam is

possible. However, the flow path of this water would be against the regional flow as it is
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Figure 2.34

Specific Conductance In Barton, Old Mill
And Cold Springs, January 1996
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Figure 2.36
Comparison Of PH From Barton, Old Mill,
And Cold Springs, January 1996
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currently known. Therefore, based on hydrologic considerations, these lakes are unlikely

sources of recharge to Cold Springs.

Figure 2.34 shows sharp increases in the specific conductance in both Barton and Old Mill
Springs. These spikes correlate with drops in water levels when Barton Springs pool is
cleaned. The magnitude or height of the spikes appears related to the frequency of pool
lowering. When the pool is lowered once or twice a week the spike can be 50 to 90 us/cm
high, whereas during periods of daily pool lowering the spikes are only 5 to 10 us/cm high.
This evidence suggests that the spikes are due to pulses of more mineralized water
discharging from the springs. One possible explanation is that these spikes result from
matrix water in the limestone draining out as the water level in the aquifer near the spring
drops. More frequent lowering allows less time for water-rock interactions in the small

matrix spaces.

Figures 2.34 and 2.37 show that Old Mill responds to drops in the local water table closely with
Barton. There appears to be only a 15 to 30 minute delay in depth and specific conductance
response in Old Mill compared to Barton. The shape of the spike in Old Mill is slightly different
from Barton, being broader and shorter. If the spike is due to matrix water, the shorter spike
suggests that the water draining to Old Mill is less different from normal Old Mill water and the
broadness suggests it recovers more slowly as the water levels begin to rise. Implications
geologically are that the flow system feeding Old Mill appears to be more matrix-dominated
than Barton. Analysis of the changes in water chemistry during a specific conductance spike

would help determine the source of this water.

The close hydrologic association of Old Mill and Barton Springs is demonstrated by comparing
changes in depth of the two springs when water levels are lowered in Barton Springs pool
(Figure 2.37). Apparent small parallel changes in depth of 0.1 to 0.2 inches are present in all

three springs and are probably due to changes in barometric pressure.
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The five BSEA springs chemically plot very similar to each other, with Old Mill trending
toward enrichment in sodium, chloride, and sulfate (Figure 2.17). As discussed previously, Old
Mill has much higher specific conductance, presumably due to influence by water from the bad
water line area. Old Mill is located east of Barton Springs, closer to the bad water line and
would presumably be the first of the springs affected by more saline water invading the fresh
water zone. An alternative explanation could be that Old Mill may have a slightly different
conduit system feeding it, although still integrated into the overall Barton Springs system, and

its water quality may be affected by development in the Barton Hills neighborhood.

Nutrient concentrations in the five springs are all relatively low but show distinct differences
based on samples collected over a similar period (Table 2.7). Barton and Backdoor Springs have
the highest nitrate-nitrogen concentrations of the five springs, averaging approximately 1.5
mg/L from 1993 to mid-1996. During this same period Eliza, Old Mill, and Cold Springs all
averaged below 1.2 mg/L. Barton had more frequent detection for TKN than other springs and
averaged 0.62 for 19 samples. TKN was not detected consistently in other springs. Ortho-
phosphorous concentrations are commonly below detection limits but Barton averaged 0.02
mg/L based on 15 samples and Cold averaged 0.08 mg/L for 14 samples. Total phosphorous
concentrations were all fairly similar although Cold and Old Mill, 0.07 and 0.06 mg/L
respectively, were slightly higher than the other springs. Ammonia concentrations were all

near or below detection limits.

The cause of these differences in nutrient concentrations is not known, since all the springs
presumably receive the bulk of their recharge from creek flow. A possibility is different
nutrient contributions from the closest recharging creeks - Eanes, Barton, and Williamson
Creeks. Average nitrate-nitrogen concentrations for baseflow in Barton Creek are 0.16 mg/L
and 0.46 mg/L in Williamson Creek (Barrett and Charbeneau, 1996). Average nitrate-nitrogen
concentrations in storm water runoff in Barton and Williamson Creeks are 0.23 and 0.35 mg/L
respectively (Barrett and Charbeneau, 1996). Higher nitrate in Williamson Creek may partly
account for higher concentrations in Backdoor Sprihgs, assuming it does receive recharge from

Williamson Creek.
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Nitrate concentrations in Cold Springs are low (Table 2.7) especially considering that most of
the area upgradient of it in Rollingwood is developed and much of the suspected recharge area
is serviced by on-site wastewater systems. Two samples have been collected from the spring
and analyzed for nitrogen isotopes to try to determine the source of nitrogen in the springs.
One sample collected 9/22/94 had a del 15N of 7.7 and the second collected 4/12/95 had a del
15N of 4.1. The first sample is closer to the range that would suggest anthropogenic input (>10),
but the latter is clearly in the range of background soil nitrogen. Flow conditions in Barton
Creek were very different during the two collections. Barton flow at Lost Creek Blvd. was 0.36
cfs on 9/22/94 and 57 cfs on 4/12/95 (USGS, 1994, 1995). The lower isotopic value on 4/12/95
may be the result of dilution of an anthropogenic nitrogen source from waters recharging from

Barton Creek or other recharge sources during a wet period.

Nutrient concentrations in surface water are generally lower than in ground water. In the case
of Barton Springs, a significant amount of the nitrate-nitrogen detected in the springs must
originate from a source other than surface recharge. Santos, Loomis and Associates (1995)
estimated known nitrogen input to the system and determined that most of the nitrogen source
is unknown. As the nitrogen is not detected in surface water, it must be entering the aquifer
from upland recharge either from rainfall and soil nitrogen or from anthropogenic sources. A
greater proportion of nitrogen from rainfall was in fact proposed in a later nitrogen balance

provided in Barrett and Charbeneau (1996).

2.5.6 Discussion

The BSEA is Karst terrain as indicated by geomorphic features such as caves, sinkholes, and
losing creeks, and a Karst aquifer with flow through solution-enlarged faults, fractures, bedding
planes and other cavities (Quinlan and others, 1992). The aquifer can be classified based on
recharge, storage, and flow and a measure of sensitivity based on the aquifer’s response to
variations in these parameters (Quinlan and others, 1992). Recharge to the BSEA is
predominately point recharge where 85 percent of the water enters the aquifer mainly through
specific features in the channels of six main creeks crossing the aquifer Recharge Zone

(Andrews and others, 1984). Storage in the aquifer is relatively high based on a thick
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unsaturated zone, and an estimated saturated thickness of 430 feet in the confined zone (Slade
and others, 1985).  Storage is less in the Recharge Zone where water levels can fluctuate up to
100 feet (Hauwert and Vickers, 1994; Slade and others, 1985) and erosion has thinned the
aquifer. Flow in the BSEA appears dominated by conduits based on the abundance of caves in
the Edwards, rapid rises in water levels following rain, field observations of spring discharge

points, spring responses to rain events, and rapid drops in water levels.

Using the aquifer classification system of Quinlan and others (1992} and the aquifer attributes
outlined above, the vulnerability of the BSEA can be classified as a very sensitive Karst aquifer
with rapid recharge, fast ground water migration, and high storage. These aquifers are
vulnerable to ground water contamination by virtue of rapid recharge and rapid migration
characteristics. These characteristics are reflected in the rapid increases in flow and changes in

chemical quality in Barton Springs following rain events.

Further distinction of the vulnerability of the aquifer can be determined by analyzing
geochemical variations in spring discharges. Shuster and White (1971) defined aquifers using a
coefficient of variation (CV) of conductivity. The CV is calculated by multiplying the standard
deviation by 100 and dividing by the mean. Diffuse flow aquifers have a CV of less than five
percent while conduit-flow aquifers have a CV over 10 percent. Quinlan and others (1992)
defined these values as boundaries for hypersensitive aquifers (CV greater than 10 percent),
very sensitive aquifers (CV between five and 10 percent), and moderately sensitive aquifers (CV
less than five percent). Using specific conductance data measured every six hours gathered by
multiprobe deployment between April 1994 and May 1996, the CV for Barton Springs is 9.7
percent. This classification suggests that the BSEA is very vulnerable to contamination. More
specifically, Barton Springs is probably more sensitive to short term pulses and chronic
contamination in Barton Creek, as suggested by spring response to rainfall and proximity to the
springs, and by long term chronic contamination from other recharge creeks.

Recently, large variations in spring chemistry have been found to be more related to rapid
recharge through point recharge features rather than being due to conduit or rapid flow
through the aquifer (ASTM, 1995, Worthington and others, 1992). In either case, contaminants

may enter the aquifer rapidly with minimal attenuation.



In-situ data logging can be used to estimate aquifer properties near the springs. DataSonde data
show that decreases in the pool water level are closely followed by a spike in specific
conductance, a trough in dissolved oxygen, and occasionally a change in temperature. Analysis
of specific conductance data indicates that when the pool water level is dropped once or twice a
week, the increase in specific conductance is approximately 50-90 us/cm. More frequent drops
in water level are followed by shorter spikes, on the order of 5 to 10 us/cm. This suggests that
the spikes are due to more mineralized water discharging from the aquifer. The timing of the
spikes is variable, a long lag between pool lowering and the spike under low flow conditions
and a short lag during high flow conditions. The variation in height of the spike related to
frequency of pool lowering indicates that the mineralized water may represent water draining
from the rock pores and small voids where circulation is slow and rock-water interactions have
longer to occur. The lag time represents conduit water that empties prior to draining the tighter
rock matrix. ‘Chemical analyses of water samples collected during the conductivity spike could

verify the source of the high conductance water.

Recent water samples collected during a specific conductance spike indicates a sharp increase in
sodium and chloride concentrations (Mahler, 1997). These constituents would not likely
originate from limestone dissolution reactions and indicate a slug of water from the bad water
zone entering the conduit system following lowering of the local water table during pool

maintenance.

The total area affected by these water level drops is largely unknown. However, Senger and
Kreitler (1984) measured drops in water levels in wells as much as 2.7 miles southwest of the
springs (along Ben White Blvd.) that correlated with the drops in pool water. Water levels in
these wells did not fully recover to levels present prior to draining the pool. This indicates that
water is removed from storage in the aquifer during pool draining and is not replaced until

creeks begin flowing over the Recharge Zone.

A graduate student from the University of Texas has been collecting sediment from numerous
locations in the BSEA to determine if there are physical or chemical differences in sediment
from the springs and other locations. Analysis indicates that some occurrences of

sedimentation in wells is due to naturally occurring sediment or sediment derived from within
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the aquifer and not washed in from surface sources (Mahler, 1997). This research also
documented surface-derived sediments discharging from the springs. Microscopic examination
also revealed small bits of fiber and glass in the suspended sediment indicating a direct link to

an anthropogenic source.

One of the main issues surrounding Barton Springs is whether the springs have been affected or
degraded by urbanization. Time trend analysis of nitrogen data from the springs since the early
1980s does not show evidence of degradation (See Section 2.5.1.2). However, Barton Springs
does show occurrences of tetrachloroethylene, heavy metals, and sediment that appear to
originate fromianthropogenic sources. Samples from other springs have detected total
petroleum hydrocarbons, heavy metals, and pesticides. Localized occurrences of urban impacts
have been found in water wells in the aquifer. These data indicate that the effects of
urbanization are beginning to be identified in the aquifer. Because of rapid flow and limited
filtering in the aquifer, greater impacts to the springs are likely as urbanization increases within
the Recharge and Contributing Zones of the springs. Regular sampling of Barton Springs over a

longer period may identify trends in water chemistry that are not evident at this time.

2.6 EDWARDS AQUIFER GROUND WATER CHEMISTRY

Chemistry of Edwards water has been the subject of numerous publications and university
theses, including Abbott (1973), Browning (1977), Senger and Kreitler (1984), Andrews et. al.
(1984), Baker et. al. (1986), Slade et. al. (1986), St. Clair (1979), Parten (1991), Hauwert and
Vickers (1994), Johns (1994b), and Oetting et. al. (1996). Numerous additional publications are

available for the San Antonio segment of the aquifer.

The City of Austin has been gathering data in the BSEA since 1986 through cooperative
agreements with the USGS. Samples are regularly collected from numerous wells and Barton
Springs (Figure 2.38), with results published annually in USGS Water Resources Data Reports.
Since inceptibn of the program, samples have been collected under a variety of aquifer
conditions, low and high water levels, base flow and following storms. The goal of this effort is
two-fold: to determine water chemistry characteristics of the aquifer and to determine effects of

urbanization on the quality of ground water. Much progress has been made toward the first
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goal. Valuable data have been gathered to understand general water chemistry in the Edwards
and provide a baseline for future comparisons for water chemistry in the aquifer. The second
goal has been more difficult to achieve because of the complex nature of Karst aquifers (point
recharge features, large flow conduits allowing rapid migration of water from great distances,
and difficulty in determining local flow paths), the convergent nature of ground water
movement in the Edwards (all water flows generally toward Barton Springs, so contaminated
water may be quickly diluted with cleaner water), and the effects of urbanization on ground

water tend to be more subtle than on surface waters.

For cases such as this, using analogous areas to help understand chemical characteristics of
possible impacts can be useful. The Bull Creek watershed is an ideal setting to study differences
in spring water chemistry resulting from urbanization in both the Edwards and Glen Rose
formations because the geology and geomorphology of the basin are nearly identical. The
major differing factor in the basin is intensity of development. Using these results as a model to
examine possible impacts of urbanization on ground water in the BSEA, data gathered through
the cooperative agreements with the USGS were analyzed to determine if any similar trends are

present in the BSEA.

2.6.1 Chemical Characteristics and Analysis

The chemistry of ground water in the BSEA has been described as calcium bicarbonate that
becomes sodium sulfate downdip (east or southeastward) and sodium chloride further
downdip (Senger and Kreitler, 1984). Trends toward these geochemical facies are evident in
Piper plots (Senger, 1984; Slade et. al., 1986). Local high sulfate concentrations are present in the
Recharge Zone (Senger, 1983). These typically occur near faults and have been attributed to
leakage from the Glen Rose Aquifer based on plots of sodium versus strontium. Senger and
Kreitler (1984) and Hauwert and Vickers (1994) also used plots of sulfate versus chloride to

differentiate between Glen Rose and Edwards waters.
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Figure 2.38
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Piper plots of USGS data from BSEA wells (Figure 2.39) indicate a range in ion chemistry similar
to that seen in Bull Creek ground water data, suggesting that urban impacts may be present
similar to those identified in Edwards ground water in the Bull Creek watershed. Further
analysis shows certain wells consistently plot in the higher sulfate plus chloride area, whereas
others vary somewhat and a third group consistently plots in the low sulfate plus chloride
region (<20 percent SO4+Cl). A significant problem in using ions, particularly sodium, sulfate,
and chloride, in the BSEA is that they are also indicative of leakage from the Glen Rose Aquifer
and the deep Edwards (Senger and Kreitler, 1984). Strontium, also used by Senger and Kreitler
(1984) to distinguish between the aquifers, is not tested for in the USGS wells.

Plots were made of sulfate versus chloride (Senger and Kreitler, 1984; Hauwert and Vickers,
1994) to attempt to differentiate among wells with only Edwards water, those mixing with Glen
Rose water, and possible urban impacts. Figure 2.40 shows a pronounced difference between
many of these wells. Hauwert and Vickers (1994) used log SO, values of 1.5 to 2 and log SO,/Cl
values of 0 to 1 as boundaries defining a zone of mixed Edwards and Glen Rose water, similar
to that used by Senger and Kreitler (1984). From these plots it is still impossible to determine
which wells are affected by the Glen Rose and which may be affected by urbanization. Another
variable indicative of Glen Rose waters and yet not introduced by urbanization is needed to

differentiate between these possible influences on water chemistry.

Ground water chemistry data indicate that fluoride is also high in Glen Rose water yet low in
Edwards water. A plot of sulfate verses fluoride (Figure 2.41) of Bull Creek ground water data
indicates no relationship between urbanization and fluoride, suggesting that this parameter is
suitable to differentiate between Glen Rose and Edwards waters in the BSEA. Figure 2.42
shows a distinct spread in fluoride/sulfate for the BSEA wells. Well YD-58-50-216 is a good
guide for interpreting fluoride concentrations resulting from inflow from adjacent aquifers as
concentrations of fluoride, sulfate, and chloride in this well display very good correlation with
discharge from Barton Springs. Based on this well, wells with values greater than 1.9 log SO4
and -0.3 log F clearly have significant contributions from adjacent aquifers. Some wells, with
variable water levels in the aquifer, may have small volumes of Glen Rose water mixing with
the Edwards. These wells plot greater than 1.4 Log SO4 and -0.4 Log F. Using this method, four
wells LR-58-57-402, LR-58-49-903/930, YD-58-50-408, YD-58-50-216, and possibly L.R-58-58-403
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Figure 2.39

Barton Springs/Edwards Aquifer USGS Well Ion Data
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(Figure 2.38) are interpreted as having enough leakage from the adjacent Glen Rose and deep

Edwards to alter water chemistry significantly with respect to fluoride, sulfate, and chloride.

Eliminating wells with contributions from adjacent aquifers from the SO4/Cl plots generates
considerably less spread in data points (Figure 2.43). Using values from Bull Creek plots
(Figure 2.12) suggest that urban impacts plot generally greater than 1.6 log SO4 and -0.4 log
S0O4/Cl. Using these boundaries, Old Mill Spring and three wells (YD-58-42-915, YD-58-50-406,
and YD-58-42-813) have anomalously high SO4/Cl values that may indicate impact from
urbanization. Sites in the urban impacts field can be characterized as having ground water with

higher sulfate concentrations than ground water in a rural setting.

Two Barton and Eliza Springs samples plot in the impact area. Other sites plotting near the
impact area include YD-58-50-217, YD-58-50-211, and some Eliza, Cold, and Barton Springs
samples. It remains possible that some of these apparent urban impacts result from small
quantities of poor quality water leaking from adjacent aquifers, enough to move the 5O4/Cl
concentrations into the urban impact area but perhaps not enough to greatly increase fluoride
concentrations. Wells plotting furthest from the impact area include YD-50-50-412 {(until
recently a rural area), YD-58-50-215 (south of Loop 1 and U. S. 290), LR-58-57-303/311
(primarily rural), and Backdoor Spring (Figure 2.38).

Bivariate plots of specific conductance and nitrate-nitrogen also appear to be useful for
determining possible impacts of urbanization. Figure 2.44 shows springs and wells without
influence from the Glen Rose or deep Edwards in the BSEA. Data points are generally tightly
clustered below specific conductance of 700 us/cm and less than 1.5 mg/L nitrate-nitrogen.

The analogous model data from Bull Creek do not appear to be reflected in specific conductance
values in the BSEA (Figure 2.13). However, there are several wells that consistently plot greater
than 1.5 mg/L nitrate-nitrogen: YD-58-50-406, YD-58-50-215, and YD-58-50-211. Wells YD-58-
50-412 and LR-58-57-303/311 tend to plot just above 1.5 mg/L nitrate-nitrogen. Based on Bull
Creek ground water data, these wells have elevated nitrate concentrations that may be caused

by urbanization.

Sites potentially affected by urbanization are summarized in Table 2.9.
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Table 2.9 Sites in BSEA Potentially Affected By Urbanization

Site SO4/Cl NO3-N
Old Mill Spring X

YD-58-42-915
YD-58-50-406
YD-58-42-813
YD-58-50-215
YD-58-50-211
YD-58-50-412
LR-58-57-303/311

XX XK
2

x XX X

2.6.2 Discussion of Results

Wells and the springs exhibiting urban characteristics are mostly located in the northern end of
the aquifer where urban development is greatest and the oldest (Figure 2.38). Point and
nonpoint source pollution problems would be expected to be greatest in this area. These
problems include older on-site wastewater disposal systems (septic tanks), older central
wastewater collection lines, dense home sites with turf grass lawns (fertilizer application),
accidental spills of chemicals, and possibly greater fallout of airborne contaminants which

rainfall could carry to ground water.

Both sulfate/chloride and nitrate/specific conductance data indicate problems with well YD-58-
50-406. Local animal operations (pigs and goats) could be the source if the well casing is bad.
There are also several major surface Karst features within a half mile south of this site which

could be directing poor quality surface runoff into the aquifer.

Well YD-58-42-813 is in an area serviced mainly by séptic systems. This well was required to be
abandoned and plugged several years ago because of bacteria contamination. Deteriorated well
casing was allowing surface and near surface water to funnel down the well casing to the water

table.
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Well YD-58-42-915 is located in the Barton Hills area where infrastructure lines are old. Some
large animals on site could represent a contamination problem although well construction
appears good. There is only a small amount of data for this well compared to others so water

chemistry variations related to water level changes could not be studied.

Nitrate data indicate anomalously high concentrations in well YD-58-50-215. This well appears
to be downgradient of most of the community of Sunset Valley. Leaching of nitrates from septic

systems or lawn fertilizers could increase nitrate in the local ground water.

Nitrate data also indicate possible urban impact in well YD-58-50-211, although
sulfate/chloride data do not reflect any problems. This well is in an area where effluent from a
package treatment plant was disposed of by irrigation over a relatively small upland area. This
plant was recently decommissioned when the subdivision was connected to the COA central

wastewater collection system.

Old Mill Spring may be impacted by urbanization based on sulfate/chloride data. Nitrate data
do not indicate unusual concentrations. However, TPH has been detected (Hauwert and
Vickers, 1994) which does show that some urban impacts are present at least on a temporary

basis.

Barton Springs is, of course, at the lowest end of the hydrologic system and receives water from
all the contributing watersheds, including the heavily urbanized areas closest to the springs.
Two Barton Springs samples, plotting in the impact area, were collected during low flow
conditions (less than 30 cfs) when dilution of urban pollution by cleaner rural water would be
less. However, this would also be when influence from adjacent aquifers would be expected to

be greatest.

Some of the wells with obvious mixing of Glen Rose and Edwards water have unusual
characteristics. For example, well YD-58-50-216 soﬁletimes displays geochemical characteristics
of “typical” Edwards or mixed waters. Analysis indicates that during high water table
conditions (i.e. high discharge from Barton Springs), this well has “typical” Edwards water and

during low water table conditions has more Glen Rose or “bad water line” water. Senger and
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Kreitler (1984) hypothesized that water invaded the fresh water zone from the “bad water line”
when potentiometric surfaces were low. However, well TD-58-50-408 displays just the opposite
trend, with the most sulfate rich samples collected during high water table conditions. The

cause of this condition is unknown but may be related to fault structures.

2.7 CONCLUSIONS

Springs are a vital component of the Barton Creek ecosystem. Springs are focused discharge
points for shallow ground water tables which store water following rains, maintain base flow in
tributaries and creeks, and discharge cool waters slightly enriched in nutrients to stimulate
biologic communities. Springs are literally the life blood of a surface water system. Areas of
ground water discharge sustain pools within Barton Creek during periods of scant rainfall.
Analysis of water chemistry in springs provides data to determine diffuse chemical inputs to
the surface water system that are derived from natural sources or human activities and can help

determine the effects of chronic or catastrophic activities in spring recharge areas.

Flow measurements in tributaries of Barton Creek and other watersheds indicate that
moderately dense urban development can have severe effects on base flow characteristics.

Rural watersheds and those with low-density housing displayed well-defined positive
relationships between flow volume and drainage area. This pattern is attributable to two
factors. Impervious cover in urban watersheds prevents rain water infiltration from feeding
shallow ground water tables which then slowly discharge water into creeks as baseflow.
Unusually high discharges in urban tributaries can result from infrastructure leaks or irrigation.'
Calculations show an urbanized tributary with effluent irrigation had a yield per acre nearly an
order of magnitude greater than any rural or low-density urbanized watershed. This tributary
also had perennial flow when other tributaries of similar and larger size were dry. These

unusual flow characteristics were likely sustained by the effluent irrigation practices.

Significant differences in ground water chemistry have been identified between springs located
in urban and rural areas in the Contributing Zone of the Barton Creek Watershed. Higher
concentrations of total dissolved solids, total Kjeldahl nitrogen, calcium, potassium, nitrate,
sodium, chloride, sulfate, alkalinity, and TOC are found in urban ground water. Although the

differences between urban site and rural site parameter concentrations are statistically
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significant, indicating an impact of urbanization, ground water quality in urban areas remains
good relative to drinking water standards. Elevated nitrate concentrations detected in the
spring at Site 72/73 have also been detected in the pool downstream of the spring. This pool
consistently has higher nitrate concentrations than any other pool site on Barton Creek. The
probable sources of the nitrate are effluent holding ponds and effluent irrigation on a nearby
golf course. This conclusion is supported by evidence of high nitrogen isotope ratios in the
spring which approach wastewater signatures. This spring also maintained relatively high
discharge during prolonged drought conditions which dried up many springs and most surface
flow in Barton Creek. Discussions have begun with golf course personnel to examine this

problem.

Five large springs discharge from the BSEA either into Barton Creek or they may receive
recharge water from Barton Creek. Of the five springs, Barton, Old Mill, Eliza, Cold, and
Backdoor, Barton and Backdoor have the highest nitrate-nitrogen concentrations, approximately
1.5 mg/L during the same period. Concentrations in the other springs are closer to 1.15 mg/L.
Data from in-situ multiprobe measurements from Barton, Old Mill, and Cold Springs show
slight but consistent differences in basic water chemistry. Specific conductance is highest in Old
Mill and lowest in Cold Springs; temperature is highest in Barton and lowest in Cold Springs;
and pH is highest in Barton and lowest in Old Mill Springs. These differences are probably
related to recharge areas, land use, and flow paths to each spring. Cold Springs appears to
receive significant recharge from Barton Creek based on water temperature, specific

conductance, ion chemistry, and nitrogen isotope ratios.

Water chemistry data from many sources indicate that urbanization is impacting the Barton
Springs segment of the Edwards Aquifer and Barton Springs. These impacts appear to be
relatively minor thus far. The consistent presence of tetrachloroethylene in the springs in the
late 1980’s and early 1990’s indicates that human activities, either chronic or catastrophic, can
and do impact the springs. Several heavy metals, including arsenic, cadmium, copper, lead,
nickel, and zinc, as well as sediment of anthropogenic origin, including fibers and glass, have
been detected in Barton Springs. Old Mill and Cold Springs also appear to be affected by
urbanization as indicated by detection of heavy metals, pesticides, and total petroleum

hydrocarbons. Comparative analysis of transient impacts has not been conducted.
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Nutrient levels in Barton Springs are still within apparent background levels based on useful
historic data from the early 1980’s. Highest nitrate-nitrogen concentrations in the springs are
generally greatest during low discharge (<40 cfs) conditions. During 1981-82, nitrate-nitrogen
low discharge concentrations averaged 1.54 mg/L compared to 1.46 mg/L during similar

conditions in 1995-96.

Many chemical constituents in Barton Springs show a relationship to discharge rate. Nitrate-
nitrogen, total nitrogen, sodium, chloride, sulfate, magnesium, fluoride, total dissolved solids,
and specific conductance are all inversely related to discharge. Dissolved oxygen, total
suspended solids, and bacteria are all directly related to spring discharge rate. Nitrate-nitrogen
concentrations display a bimodal distribution of high and low values that inversely correlate
with this region’s bimodal rainfall distribution, where concentrations are lowest in May, June,

October, and November and highest in August, September, December, and January.

Water in the BSEA is classified as calcium-bicarbonate type. Leakage from the Glen Rose
Aquifer or from deep Edwards “bad water” can locally alter water to be richer in sodium,
chloride, sulfate, and fluoride. Analysis eliminating wells with Glen Rose or Edwards “bad
water line” signatures indicates that seven wells and Old Mill Spring appear to be subtly
impacted by urbanization as indicated by sulfate, chloride, and nitrate. Most impacted wells
are in the northern end of the aquifer where urban development is the densest and oldest.
Three wells are in urban areas with either on-site septic systems or past effluent irrigation.
These subtle impacts are consistent with changes documented in springs in the Bull Creek
watershed. The source of the possible pollution is unknown but may be related to wastewater,
either from on site disposal systems or leaking infrastructure lines, irrigation, or other human
activities. It is possible that small volumes of water from adjacent aquifers are giving three
wells and Old Mill Spring the urban sulfate/chloride signature identified in the Bull Creek
watershed. However, the fact that two of these wells have had other health-related water

quality problems is suggestive of an urban source of impact.

In-situ data loggers have been extremely valuable in documenting changes in basic water

chemistry in Barton Springs, particularly in response to rain events. The magnitude of these
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changes is related to the magnitude of the rain event. Spring chemistry has several
characteristic short-term responses in chemical parameters following rain events. Specific
conductance and pH typically decrease following rainfall, whereas turbidity and dissolved
oxygen typically increase. Temperature effects are two-fold and related to seasons. Initially,
temperature increases following rain events at all times of the year. However, during summer
months temperature returns to pre-rain levels and in cooler months it decreases to below pre-

rain levels before returning to near pre-rain levels.

Because of the nature of the aquifer with rapid recharge and migration of water, Barton Springs,
and presumabiy the other springs, are affected relatively quickly by runoff from rainfall.
Analysis of timing between rainfall and impacts in Barton Springs indicates an average lag time
of approximately 14 hours with a range from five to 18 hours. Calculations for storm water
velocities in the aquifer based on 14 hours migration time and recharge at various points along
Barton Creek indicate velocities ranging from 330 to 1215 ft/hr, averaging 867 ft/hr. The cluster
of rainfall responses in the six hour range may result from recharge from a closer location,
perhaps in a Barton Hills tributary. Using a Barton Hills tributary as recharge point generates
storm water velocities of 660 ft/hr. A single data point suggesting possible recharge from the
Williamson Creek watershed subtly affecting Barton Springs in 65 hours indicates storm water

velocities ranging from 340 to 450 ft/hr.

The in-situ data loggers have also recorded data that provide detail to the internal complexity of
the aquifer near Barton Springs. Regular maintenance at Barton Springs pool requires dropping
pool water levels approximately 4.5 ft. Several hours following the drop in water levels, a sharp
increase in specific conductance occurs. Chemical analysis indicates that the spike represents a
slug of water from the bad water zone entering the fresh water zone and discharging from the
springs and is characterized by greater sodium and chloride, higher specific conductance, and

lower dissolved oxygen.

Based on characteristics of recharge, flow, storage, and variations in chemical properties, the
Edwards Aquifer is classified as a very sensitive aquifer. Recorded impacts on Barton Springs
from numerous rain events indicate that the spring is most sensitive to events in Barton Creek.

This implies that in the future Barton Springs will be more greatly affected by short and long
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term water quality in Barton Creek than in other contributing creeks. However, chronic water
quality problems in other recharging watersheds will also impact the springs and will be a

concern for those relying solely on the Edwards Aquifer for drinking water.

2.8 RECOMMENDATIONS

Based on results of this study, discussions with scientists studying the Edwards Aquifer,
discussions with State and Federal agency staff, and considering the controversy surrounding
topics addressed in this report, the following recommendations are made to help gather data to

resolve ground water quality and quantity issues in the Barton Springs watershed:

Barton Springs Contributing Zone

+ Continue to identify and sample springs in urban and rural settings to refine observed
differences in ground water chemistry and determine possible reasons for changes in

ground water chemistry in urban settings.

» Identify and sample springs in developing areas to evaluate changes in ground water

chemistry as development progresses.

¢ Intensify monitoring of springs influenced by wastewater effluent irrigation, including golf
courses, to better quantify impacts to ground water chemistry and evaluate role of wet and

dry climatic conditions on ground water chemistry.

» Increase monitoring of flow conditions in watersheds with different land uses and
impervious cover to refine relationship between area and flow and to determine maximum
impervious cover levels that would allow continued high quality and quantity of baseflow

in tributaries.

s Use tracer technology, such as optical brighteners, nitrogen isotopes, and ion chemistry to

evaluate impacts of alternative wastewater disposal on ground water.

Barton Springs Recharge Zone
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Continue monitoring at Barton Springs for database to evaluate future changes in spring

chemistry.

Begin analyzing suspended sediment discharging from Barton and other springs to establish

baseline conditions and determine levels of possible contaminants attached to sediments.

Increase monitoring of heavy metals in Barton and other springs to evaluate possible urban

influence.

Increase use of in-situ multiprobe data recorders in Barton and other springs to establish

baseline conditions and baseline response to rain events.

Continue collecting storm water samples from Barton Springs to determine storm water
runoff effects on spring chemistry. Use storm data to establish characteristic turbidity (and
total suspended solids) response in Barton Springs to different rainfall amounts under
various aquifer water levels and flow rates in Barton Creek. Use mass balance calculations
to evaluate storm water runoff volumes and related water chemistry changes in BSEA

springs.

Determine timing of storm water runoff impacts in other BSEA springs (Old Mill, Eliza,
Cold, Backdoor). Collect storm water runoff samples from springs to determine effects on

spring chemistry.

Collect samples from Barton and other springs and wells during pool drawdown to verify
source of high conductance water and evaluate impacts to spring chemistry to help estimate

potential effects on salamander biology.

Measure flow rates in Barton Creek over Recharge Zone to determine recharge rates for
specific creek segments under different aquifer water levels. Also measure flow rates in
Eanes Creek to determine recharge rate for this unmeasured recharge creek which will help

quantify short flow paths to Cold Springs and Town Lake.
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Continue with tracer studies in BSEA to determine ground water velocities from various
recharge points, to verify relationship between recharge points and wells and springs and to
evaluate sensitivity of specific creek segments to potential contamination. Support future

tracer efforts in BSEA.

Initiate discussions to locate new well to monitor BSEA water levels in near Barton Springs
for use in establishing discharge rates from Barton and associated springs. The new well

must be minimally affected by pool drawdowns.

Deepen USGS monitoring well YD-58-42-217 (Loop 360) to allow sampling during low

water levels in aquifer.
Refine estimates of aquifer water levels where flow continues in Old Mill and Eliza Springs

while Barton Springs Pool is lowered to aid protection of the Barton Springs Salamander,

reduce threats, and reduce staff time to monitor these springs during pool drawdown.
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3.0 SURFACE WATER STUDIES

3.1 INTRODUCTION

Staff from the City’s Environmental Resources Management Division (ERM) monitors
surface water quality in the Barton Creek Watershed by comparing physical, chemical, and
biological differences between perennial pools along the mainstem of the creek and among a
number of tributaries influenced by various land uses. Monitoring is performed to
characterize overall water quality in Barton Creek , to determine baseline water chemistry in
rural areas, and to determine the effects of urbanization on surface water and sediment
quality. These studies concentrate on Barton Creek above (west of) the Edwards Aquifer
Recharge Zone, before Edwards Aquifer spring water begins to enter the system.

3.2 POOLS STUDY

3.2.1 Preface

In 1979, Espey Huston and Associates (EH&A) prepared a report entitled The Barton Creek
Watershed Study for the City of Austin’s Office of Environmental Resources Management in
which they concluded "Additional studies are urgently needed on nearly every aspect of the
Barton Creek Watershed ecosystem.” EFI&A specifically recommended the following
ecological investigation: "The aquatic communities of the permanent pools and stream
segments in upstream areas should be carefully studied during "dry" seasons, when they are
isolated from downstream segments, to determine to what extent, if any, they differ from

the permanent downstream segments.”

The Austin City Council passed a resolution on October 15, 1987 which directed the
Department of Environmental Protection to assist the Environmental Board in a full scale
review and analysis of the Barton Creek Watershed. One of the main goals of the Austin

community as summarized in the Barton Creek Policy Definition Report (BCPDR) is as follows:
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"To maintain existing surface water quality in Barton Creek , its tributaries, and pools.” This
report goes on to recommend the following action: "Continue to monitor and report upon
changes in baseline conditions of land and water resources in the watershed (Barton Creek)
which are attributable to urban development.”

High quality abundant baseflow is critical to the maintenance of aquatic habitat and the
recreational value of Barton Creek, and to water quality of the Edwards Aquifer and Barton
Springs. In fact, baseflow makes up approximately 75 percent of the total flow occurring in
the creeks contributing to the Barton Springs Edwards Aquifer, and 86% of the total
recharge to the aquifer originates as baseflow (Santos, Loomis, & Assoc., 1994). In 1990,
ERM initiated a long term, more comprehensive baseflow water quality study and an

ecological assessment of pools along the mainstem of Barton Creek.

ERM monitors baseflow water chemistry and percent cover of filamentous algae growth at
nine natural pool sites on the mainstem of Barton Creek, from the headwaters, above
Dripping Springs, to the Edwards Aquifer Recharge Zone, above the Loop 360 bridge in
Austin. Quantification of each pool'’s benthic vegetative cover focused principally on
filamentous algae cover, because fast growing algae quickly respond to nutrient enrichment
(Stevenson and Lowe 1986, Hynes 1970) and, in persistent dense populations, is regarded as

a detriment to the aquatic ecology, recreational value, and beauty of Barton Creek.

Although other sites on Barton Creek were monitored for water chemistry in the Recharge
Zone, the influence of Edwards Aquifer recharge features and spring water entering the
system in these areas prevents a spatial comparison of water quality with sites above the
Recharge Zone along Barton Creek. The Glen Rose geologic formation governs springs and
seeps contributing baseflow to the nine pools compared in this report; therefore, the

influence of geology on water chemistry is fairly homogeneous.
3.2.2 Methods

3.2.2.1 Site Selection

The study area includes relatively undeveloped and rural reaches of Barton Creek from the
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headwaters near Dripping Springs to Highway 71, as well as more developed reaches of the
creek from Highway 71 to just downstream of the Campcraft Road access to the Barton
Creek Greenbelt. Site selection was made from a number of accessible points along the
mainstem of Barton Creek, including private property, road crossings, and public greenbelt
areas (Figure 3.1 and Flate 2). A minimum of 2.2 miles (3.57 km) and a maximum of 6.6
miles (10.48 km) separates one site from another. The upper headwater site is 43.9 miles
(70.25 km) from the mouth, while the lower Recharge Zone site is 6.3 miles (10.01 km) from
the mouth or the confluence of Barton Creek and Town Lake. The nine sites selected each
drain a sizable portion of the entire Barton Creek Watershed, representing a variety of land
uses including ranch land, low density residential, high density residential, golf courses,

green belts, and various land use combinations (Table 3.1).

Pools within riffle/run/pool complexes were selected for study, because pools are more
perennial than riffles and runs, creating a longer-lasting aquatic environment for use as
indicators of environmental health. During reconnaissance for site selection, the nine pools
elected for this study were conspicuous because of the dry creekbed prevalent in riffle and
run areas at this time. Although an effort was made to select pools with similar
characteristics, flood events had a dynamic effect on the pools, sometimes changing their
morphology by rearranging substrate composition. Appendix Section A (Physical
Description of Pools) describes various pool characteristics such as size, depth, volume,
aspect, and riparian canopy cover. Overall, during the five years of this study, all nine sites
retained enough integrity always to be characterized as pool habitat, and the pools maintain
a similar enough environment to be viewed as comparable sites for Collectioh of water

chemistry data and data on the growth of filamentous algae or other aquatic vegetation.

3.2.22 Sampling Protocol

Grab water samples were collected within an eight-hour time period by ERM staff from
each of the nine pools quarterly, once each season. Standard collection methods were
employed to prevent contamination and insure preservation of samples; all analyses were

conducted in accordance with Standard Methods For the Examination of Water and Wastewater
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Figure 3.1
Barton Creek Pool Study Sites

sy — Source: City of Austin, Drainage Utility Department GIS Database, 1997
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Table 3.1
Barton Creek Pools Study
Impervious Cover and Land Use Types

. Intervening| = Acres Percent . Cumulative | Cumulative
Site ) ) \ Cumulative . .
Number Drainage { Impervious | Impervious Acres Impervious | Impervious
Area Acres| . Cover Cover Cover Acres| Percent
1j| 397449 3974.49
2l 23150.09 14.493 0.06 27124.58 14.493 0.05
3l 14485.36 684.527 4.73 41609.94 699.020 1.68
4 6024.44 339.884 5,64 47634.38 1038.904 2.18
5 9692.1 775.598 8.00 57326.48 1814.502 317
6 5104.82 405.784 7.95 62431.3 2220.287 3.56
7 2148.51 243.662 11.34 64579.81 2463.949 3.82
8 4402.38 392.346 8.91 68982.19 2856.294 4,14
9 985.48 125.269 12.71 69967_:67 2981.563 4.26]
Land Use (Acres)
M -
Site E’arks& Single Mobile Multi- . . . Trans- Civic/ Undeter-
Number Vacant Golf Farr;giiy Home Family Office | Commercial | Industrial portation Utilities Educational| mined
1 3974.49
2| 12275 27.85 22999.504
3]111206.03] 22.25| 392.75 0.75 8.07 2855.5
41 587561 143.97 4.85 l
5{1 -8831.75| 528.71 3.01 38.84| 69.21 82.25] = 52.81 85.50
6|l 4642.67{ 3253} 235.21 28.96 63.50] 9.651 92.32)
7Il 164858 99.99] 268.94 19.05 7.92 47.66 25.24 0.44 30.70
8l 3199.281 535.67] 610.50 2124 2,85 2.43 0.12 30.31
91 691.88 279.67 9.40 4,53
A ————

Source: City of Austin, Drainage Utility Department GIS Database, 1997



(Appendix C). Parameters measured in the laboratory included: nitrate+nitrite nitrogen,
total Kjeldahl nitrogen, ammonia nitrogen, total nitrogen, orthophosphate as P, total
phosphorus, total suspended solids, volatile suspended solids, and fecal coliform. Fecal
streptococcus, total organic carbon, biochemical oxygen demand, and chemical oxygen
demand were measured at selected sites and times as well. Dissolved oxygen, specific
conductance, pH, and temperature were measured in the field with a Hydrolab Surveyor II.
Total dissolved solids and turbidity were measured in the field with a Hach TDS pen and a
Hach Model 16800 turbidimeter respectively. The Hydrolab, TDS pen, and turbidimeter

were calibrated according to instrument instructions at the beginning of each field day.

Other information such as flow, air temperature, last rainfall, and existing weather
conditions were measured or noted on field sheets for each collection event. Flow was
measured using methods recommended by TNRCC’s 1993 Water Quality Monitoring
Procedures Manual, on two occasions early in the study, during the spring of 1991, using a
Montedoro Whitney Model PVM-2A Velocity Meter. Flow was added as a regular
parameter in February of 1995, using a Marsh McBirney Model 2000 Velocity Meter. Air
temperature was taken at each site with a standard centigrade thermometer, and other

weather conditions such as relative wind and cloud cover were noted on the data sheet.

ERM staff collected water samples during baseflow conditions, defined as follows: at least
12 hours following measurable precipitation of less than 0.5", at least 24 hours following a
rainfall of between 0.5" and 1.0", and at least 48 hours following a rainfall of greater than
1.0". The definition of baseflow is consistent when describing sampling conditions

throughout this study section.
3.22.4 Aquatic Vegetation Benthic Cover

Percent cover was measured with a standard plant ecology technique using line transects.
H.L. Bauer developed the line intercept method in 1943 for measuring plant cover by
reducing a quadrat to a single dimension or line (Barbour, 1980, Terrestrial Plant Ecology).
Blum (1957) was the first to apply this transect method to stream algae, and Hynes (1970)

suggested that the method gives results closely resembling the actual status of the flora in
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the stream, and worthy of further use and refinement. The distance that all plants or
unvegetated substrates project through the plane of the line is tallied. The total fraction of
the line or lines covered by each category of cover, multiplied by 100, is equal to that
category’s percent cover. Each pool was divided by three to six equally-spaced transects;
the number of transects depended on the length of the pool.

Aquatic vegetative cover was measured during the same week that quarterly water samples
were collected. One ERM staff person, experienced in identification of all common aquatic
plant types, identified the number of feet covered by each encountered plant or exposed
substrate along multiple transects in all nine pools. All aquatic vascular macrophytes were
identified to the genus level using Correll and Correll (1972) as a reference; non-filamentous
algae with macrophyte morphology such as Nitella sp. and Chara sp. were identified by
genus; commonly encountered spongy composites of blue-green algae, diatoms, and
sediment were identified as “carpet algae”; filamentous algae were categorized as
Cladophora sp. or Spirogyra sp. “type” depending on their texture and branching habit; all
blue-green algae were lumped together, and unvegetated substrates were identified as one
of seven categories. Five categories of unvegetated substrate were characterized by particle
size according to Compton’s Geology in the Field (1985), and the other two unvegetated
substrates were characterized as bedrock and leaf litter (included any dead or decomposing
organic matter). Altogether, 26 commonly encountered categories of cover were listed on
the field data sheet; several blank columns were available for the addition of rarely
encountered plants or substrates. These categories were lumped into four super categories
for analysis purposes: unvegetated substrate, filamentous algae, nonfilamentous algae, and

aquatic macrophytes.

Cladophora sp. algae is coarse in texture and is multi-branched in morphology, making field
identification of this genus rather easy. Dr. Richard Starr, University of Texas at Austin
Phycologist, verified field collections of Cladophora for ERM staff. However, other non-
branching, slimy textured algae, identified as Spirogyra “type” on the data sheet, usually
were a Spirogyra sp. or belonged to other genera in the Spirogyra sp. family, Zygnemataceae,
including Sirogonium sp., Mougeotia sp. and Zygnema sp. (Bold, H.C., Introduction To The
Algae, 1985). Differentiation of these genera was difficult in the field, and sometimes
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microscopic identification revealed that these slimy filamentous populations were
combinations of one or more Zygnemataceae genera. For the purpose of this study, our task
was simply to measure the cover of filamentous green algae and differentiate Cladophora
from members of the Zygnemataceae family. This distinction was made because Cladophora
is perceived as more of a nuisance species when dominant than the other more ephemeral

members of the Zygnemataceae family.

3.2.2.5 Quality Assurance and Quality Control (QA/QC)

Quality assurance measures included proper instrument calibration before each sampling
event, laboratory cleaned and approved sample containers, appropriate preservation and
storage temperatures, adherence to required holding times, documentation between field
and lab personnel through a chain of custody form, and labels with site, date, parameters,
and preservation methods clearly indicated. Copies of laboratory data sheets, as well as
field parameter and flow data sheets were kept on file. All data were entered into a

database and verified by ERM staff before they were used in analysis and reports.

Analytical quality control for water chemistry parameters was assessed by measuring
accuracy and precision. Blind duplicates or splits were submitted for 10 percent of all
samples analyzed, and one blind field standard set was submitted by ERM. Lab duplicates,
blanks, calibration standards, and appropriately concentrated blind standards were
regularly analyzed at the City of Austin’s Walnut Creek Wastewater Laboratory as part of
their internal QA /QC. Records of all quality control information were reviewed to make

improvements during the course of the study.

Quality assurance and consistency were maintained for the measurement of aquatic plant
percent coverage by using one ERM staff person, trained in the identification of aquatic
plants, to determine the distances of coverages at all pools during any one quarterly
inventory. Percent cover data sheets were kept on record, entered into a database, and

verified by ERM staff before being used in analysis and reports.
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3.2.2.6 Analyses For Statistical Significance

Several tests were conducted on the parameter concentrations. Analysis of variance was
conducted using the General Linear Models (GLM) procedure in SAS since it is appropriate
for unbalanced data sets. A probability of 0.05 or less is considered significant. In some
situations instrument accuracy should be considered regardless of the statistical results.
This is especially important with parameters measured near the detection limit or when
instrument resolution is less than the statistical difference. Values below reporting limits
were substituted at half the detection limit in calculation of summary statistics and
hypothesis testing. Even with these limitations, the statistical analysis is an early indicator

of subtle differences that may become more conspicuous at higher levels of development.
The procedures were as follows:

1. Test the data for normality.

2. Rank the non-normal data when the parameters tested are not normally
distributed.

3. Conduct an analysis of variance for significantly different means on the rankings.
This is equivalent to a non-parametric test for differences between the means. If
the test indicates significantly different means, conduct comparison tests. Use
contrast statements to provide customized hypothesis tests for the ranked data.

4. Use non-parametric Kruskal-Wallis Test for comparison of the GLM test on
the ranked data, with the same results.

5. Use a non-parametric Median Analysis on the medians.

6. Alternate handling of non-detect data was examined by censoring the data at the
detection limit and conducting the nonparametric tests described above using

the censored data (Helsel, 1990).
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3.23 Results

ERM staff began the study of Barton Creek pools in November of 1990, beginning with
characterization of the pools” morphology and initial determination of aquatic plant percent
cover. Flow, Hydrolab, TDS pen, and fecal coliform parameter values were also obtained at
this time. Sampling all sites within a single day and analysis of additional laboratory

parameters at the City’s Walnut Creek Laboratory began in March of 1991.

Means, medians, maximums, ahd minimums were determined for each water chemistry
parameter at every-site (Table 3.2). Since the data set for the nine study pools is relatively
small (usually less than 20 points per parameter per site), median values are considered
closer to the "true” representative number or concentration characterizing parameters at a
given site. Since the median value is simply the number that falls in the middle position of a
data set, the median is not as influenced by outliers as a mean (Sokal et al., 1995).
Comparisons made among pools in this study illustrate some small but statistically
signiﬁcant spatial differences in water quality along Barton Creek’s mainstem; however,

various statistical analyses attempting to show temporal trends proved insignificant.

Comparisons were made between this study’s results and the baseline geometric means
which were tabulated using data collected between 1978 and 1986 at Loop 360 and Barton
Creek for the 1988 Barton Creek Policy Definition Report (BCPDR). A comparison of results
was made with Texas Water Commission’s (now TNRCC) Texas Aquatic Ecoregion Project, An
Assessment of Least Disturbed Streams (1992), in which the water quality of six selected
unclassified streams was determined for each of 12 Texas ecoregions. A comparison of
averages from the Central Texas Plateau Ecoregion was done. One of the six creek sites
included in this ecoregion was Barton Creek at the Barton Creek West Subdivision, a site
located between Pools 5 and 6 of ERM’s study. This site and others in the Central Texas
Plateau Ecoregion were monitored during low baseflow conditions by TNRCC in summer

of 1988, and provide a good baseline water chemistry profile for comparison with ERM’s
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Table 3.2

Barton Creek Pools Study
Baseflow Conditions
i, .1 . Fecal
Site Temperature pH Conductivity | TDS. |Turbidity] TSS VSS' . [Fecal Coliform Streptococcus DO
1 o
°C mhos/
(umhos/cm) | {mg/L) § ~{ntw) | (mg/l) | (mg/l) | (col /100 mL) (col/100 mL) {mg/L)
Pooll - |count 19 21 18 19 21 17 17 18 2 17
Pool 1 jminimum 9.56 6.68 331 190 0.37 025 0.25 23 101 4.74
Pool 1 - {maximum 29.00 8.00 605 330 4.70 8.00 4.00 1416 267 1225
Pool 1. [mean 19.32 7.63 548 241 1.27 2:09 0,88 238 184 8.28
Pooll  |median 18.88 7.65 560 230 0.70 2.00 0.50 85 184 8.37
000000000000000000000000 T —— e —— pr—————
Pool2  |count 19 21 18 20 19 17 17 18 2 17
Pool 2. {minimam 11.07 6.69 393 150 0.19 025 025 0 28 6.42
Pool2 jmaximum| 33.00 8.34 593 280 440 8.00 2.00 480 72 10,80
Pool2 imean 21.06 7.79 513 222 1.97 216 0.64 74 50 8.8
Pool 2 fmedian 19.99 7.83 521 220 1.70 1.70 6.25 25 508 8.72
m —m _
Pool 3 jcount 19 19 17 18 | 19 a7 17 16 0 17
Pool 3 jminimumn 1063 6.82 360 130 020 025 025 5 6.00
Pool3 maximum 32.30 8.40 594 280 3.00 4.00 1.00 271 | 1125
Pool3 |mean 2122 7.82 494 215 | 104 124 045 63 862
Pool3 - |median 19.96 7.83 506 220 0.85 1.00 025 30 8.85
Poold [count 19 19 17 19 19 17 17 16 0 17
Pool4 |minimum 9.04 6.81 433 160 0.21 0.25 025 7 4.50
Poold  |maximum| 29.95 8.17 577 300 540 200 2.00 876 1175
Pool4 jmean 19.85 7.71 503 221 1 135 104 0.70 86 8.24
Poold |median 19.54 7.75 495 220 0.53 1.00 .60 27 $.38
= e e R iR At SSeSA At bR e
Pool 5 19 20 18 18 21 17 17 18 2 17
Pool3 {minimum 12.48 6.96 428 160 0.15 0.25 0.25 0 72 5.71
Pool5  |maximum 32.80 8.32 566 250 4.80 8.30 4.00 624 332 10.80
Pool 5 jmean 2139 7.84 492 208 1.33 2.80 0.79 100 202 8.74
Pool 5 @ jmedian 20:58 7.82 489 210 0.75 1.60 0.50 24 202 8.92
Do —— — WW — A TRT————
Pool 6 icount 19 18 16 19 19 17 17 17 0 16
Pool6é iminimum 1234 719 230 190 0.15 025 0.25 0 ' 7.00
Pool 6 fmaximum 3210 8.24 644 377 3.80 4.00 3.00 60 11.04
Pool6 |mean 21.72 7.82 304 230 0.84 124 0.46 15 9,16
Pool6 = |median 20.46 7.79 522 220 0.55 0.60 0.25 6 937
r — — I oA i N
7 19 19 15 18 19 17 17 16 0 17
7 10.53 746 | 440 190 0.36 025 025 0 7.06
33.45 8.10 777 340 7.60 12.00 3.00 456 12.91
2121 7.80 554 227 297 2.56 0.76 46 9.60
20.21 7.80 532 220 1.50 1.00 025 | 12 [ 312
19 17 18 7 18 17 17 17 2 17
1221 7.36 477 200 0.48 0.25 {7025 4 37 6.70
33.93 810 1002 460 4.80 6.00 2.00 497 107 13.56
21.07 7.81 602 268 187 193 0.66 8 72 9.56
7.83 548 280 1 160 | 125 0.30 24 72 10.50
19 17 19 19 17 17 16 0 17
s T R
727 476 180 027 025 025 0 4.56
__ _821 850 380 5.40 16.00 5.00 143 11.95
Pool ¢ |mean 21.63 7.76 553 239 227 411 0.97 32 8.69
Pool9 = Imedian 20.50 7.82 527 230 1.70 2.00 0.25 7 9.00
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Table 3.2 Continued

Barton Creek Pools Study
Baseflow Conditions

Sit NO3/2- } NO2-N | NH3-N | - TKN ™™ Phozo:ims Ortho-P ';['OC BOD CoD Flow
e N (mg/L)} (mg/L) | (mg/L) | (mg/L) | (mg/l) (m;;IL) (mg/L) | (mg/L) | (mg/L} | (mg/L) (cfs)
Pooll |count 14 1 18 15 29 17 14 0 0 7 5
Pool 1 jminimum 0.01 0.025 0.01 0.05 0.06 0.01 0.01 2.50 0.07
Pool 1 maximum 0.13 0.025 0.10 0.52 0.65 0.07 0.02 14.00 294
Pooll  jmean 0.05 0.025 0.03 0.22 0.26 0.02 0.01 527 1.38
Pool 1 . imedian 0.04 0.025 0.02 0.20 0.24 0.01 0.01 2.50 0.99
- s S S KAk S
Pool 2 jcount 14 1 19 16 30 17 14 0 g 6 5
Pool 2 |minimum 0.02 0.025 0.01 0.05 0.07 0.01 0.01 2.50 0.71
Pool 2 . jmaximum 0.21 0.025 0.12 0:61 0:82 0.08 0.07 10:20 11.15
Pool 2 mean 0.06 0.025 0.03 0.23 0.28 Q_._GZ 0.02 4.62 544
Pool 2 jmedian 0.04 0.025 0.02 0.20 0.23 M 3.75 424
" — e — i
Pool 3 {count 14 1 17 16 30 17 14 0 0 5 3
Pool3 |minimum | 002 | 0025 | 001 | 005 | 007 0.01 0.01 250 | 483
Pool 3 jmaximum 0.21 0.025 0.08 0.53 0.74 0.24 0.14 18.30 24.72
Pool 3 mean 007 0.025 0.03 0,17 0.24 0.04 0.03 7.66 2_1_2.44
Pool 3  {median 0.04 0.025 0.02 0.12 0.16 0.(22. 0.01 5.00 10.97
Pool4d  |jcount 14 1 17 16 30 17 14 0 0 6 5
Pool 4 minimum 0.02 0.025 0.01 0.05 0.07 0.01 0.01 2.50 6.74
Pool4d |maximum | 021 | 0025 | 009 | 069 | 090 0.05 0.02 7.00 | 33.07
Pool 4 lmeaiz 0.06 0.025 0.03 223 0.30 0.03 0.01 4.37 19.83
Pool-4 - {median 0.04 0.025 0.02 0.16 0.20 0.02 0.01 3.75 1525
- A N——— — T S N
[Pool 5 - Icount 14 1 19 116 30 17 14 12 1 12 5
Pool 5 - jminimum 0.02 0.025 ‘g_gl 2.05 0.07 0.01 0.01 1.37 0.50 2.50 5.13
Pool 5 pmaximum 0.21 0.025 0.14 0.60 0.81 0.05 0.01 18.50 0.50 9.00 25.57
Pool 5 0.07 0.025 0.03 0.21 0.28 0.02 0.01 618 0.50 3.46 15.27
0.64 0.025 0.02 l 0.17 .21 0.01 0.01 2-:75 0.50 2.50 14.78
R oo con Do " O - —————
14 1 17 16 30 17 14 0 Q 6 5
Pool 6 minimum 0.02 0.025 0.01 0.05 0.07 0.01 0.01 %,ég 4.37
Pool 6 - jmaximum 0.20 0.025 0.08 0.63 (.83 0.63 0.28 ‘11320 2803
Pool 6 -imean 0.08 0.023 0.03 0:19 0.26 0.05 9;03 4.70 17.88
Pool6 jmedian 0.07 0.025 0.03 0.13 0.19 0.01 0.01 2.50 }_9 79
Pool 7. - |count 14 1 17 16 30 17 14 0 0 5 5
Pool 7 jminimum 0.02 0.025 (1_6_1 0.07 0.08 0.01 0.01 2.50 5.92
Pool 7. - {maximum 0.4 0.025 0.08 0.54 0.98 0.04 0.10 1130 | 2926
Pool 7 - |mean 016 | 0025 0.03 0.23 0.34 0.02 0.02 5.26 16.31
Pool 7 - jmedian 0.07 0.025 0.03 0.20 0.27 0.02 0.01 5.00 18.20
-~ — e —— -y e ——
m_ 14 1 15 16 30 17 14 ) 1 - 5
Pool 8 |minimum 0.02 0.025 0.01 0.12 0.14 0.01 0.01 1.77 0.50 2.50 4.98
Pool8 |maximum | 248 1 0025 | 010 | 072 | 320 0.08 007 13270 | 050 | 850 | 3121
Pool8  |mean 0.31 - 00251 -0.03 0.31 0.62 0.03 0402 7,95 0.50 4.00 19.83
Pool 8. . jmedian 0.15 0.025 0.03 0.23 0.38 0.02 0.01 3.59 0.50 2.50 23.99
. e ————— OO — P ————
Pool 9 |count 14 1 17 16 30 17 14 0 0 6 5
Pool'9 -~ jminimum 0.02 0.025 0.01 Q.05 0.07 0.01 0.01 2.50 1.44
Pool 9 jmaximum 0.20 0.025 0.10 0.70 0.90 0.09 0.06 5.00 47.68
Pool9  imean 0.09 0.025 0.03 0.20 0.29 0.02 0.02 3.75 25.06
Pool9 |median 0.09 0.025 0.03 0.16 0.25 0.02 0.01 3.75 29.30
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study of the nine Barton Creek pools. Findings from ERM’s study were also compared with
data collected by the City of Austin’s Water Watchdog Program, which has monitored and
indexed the water quality of nine streams contributing to Town Lake at their mouth,

including the mouth of Barton Creek, from 1990 to the present.

Nineteen aquatic plant taxa and seven unvegetated substrate types were encountered and
used to characterize the benthic cover of the nine study pools. Alist of these plants and
substrates with their overall average percent cover throughout the watershed is shown in
Table 3.3. This cover is lumped into four broad categories, and a five year average cover at
each pool is charted for the following: unvegetated substrates, aquatic macrophytes,
filamentous algae, nonfilamentous algae. The focus of the percent cover survey was a
comparison and quantification of filamentous algae cover at each of the pools. Significant
differences were found in the average percent cover of filamentous algae in the nine pools
over the five year study period, and there were also positive correlations between

filamentous algae cover and concentrations of nitrate-nitrogen.

Following the statistical analysis procedure, none of the parameters tested were found to be
normally distributed. The median is considered to be a more representative measure of
location than the arithmetic mean because it is not affected by extreme values (Sokal et al.,
1995). Therefore, analyses for both medians and means were included for reference. Results
showed that there were significant differences for the medians of the same parameters
whose means were significantly different when tested with the GLM and Kruskal-Wallis
tests. Therefore, charts used in this report to visually display data may incorporate means
and/or medians, whichever shows the clearest distinction. Parameters with non-normal
distributions that have statistically significant differences are conductivity, total dissolved
solids, turbidity, total suspended solids, TKN, nitrite/nitrate nitrogen, fecal coliform, flow,
and filamentous algae cover. An overview of the statistically significant results for each
parameter is presented in Table 3.4 . Appendix H provides details supporting the statistical
analysis summarized in Table 3.4. Using the data censored to the highest detection limit,
the conclusions of the non-parametric comparison tests remain the same with the exception

of TKIN and COD. These parameters had variable detection limits with a minority of
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Barton Creek Pools Study
Percent Cover Mean Values

Table 3.3

Unvegetated Substrate  SILT (<1/16MM) 9.28
SAND (1/16-2)MM 2.18
PEBBLE (2-64)MM 8.92
COBBLE (64-256)MM 1.86
BOULDER (>256MM) 217
BEDROCK 15.44
LEAF LITTER 6.70
Non-Filamentous Algae  ALGAE, CARPET 24.26
CHARA 577
ALGAE, BLUE-GREEN 0.15
NITELLA 2.42
Filamentous Algae CLADOPHORA 2.33
ALGAE, OTHER 0.09
SPIROGYRA 8.91
Vascular Macrophytes =~ BACOPA 0.44
CAREXE. .24
PHYLA <0.01
JUSTICIA 2.50
LUDWEGIA 0.35
MYRIOPHYLLUM 0.05
NAJAS 0.13
HYDROCOTYL 0.07
POTOMOGETON 0.12
ELEOCHORIS <0.01
TYPHA 0.00
UTRICULARIA 3.55
TOTAL AVERAGES Filamentous Algae 11.33
Non-filamentous 32.60
Vascular Macrophytes 9.60
Substrate 46.55
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Table 3.4

Barton Creek Pools Study
Overview of Statistically Significant Variables
Baseflow Conditions

Nonparametric Tests
Tests Parameters
Kruskal Wallis (Means) Test | - 4., it TDS, Turbidity,
Median Analysis Test NO3/2-N, Fecal Coliform
(SAS NPARWAY1 Procedure) ’
Contrast Multiple Comparison Test (SAS GLM Procedure)
Pools Parameters ‘
8vs17,9 Conductivity, TDS, NO3/2-N,
7,9 vs 1-6, 8 Turbidity
9vs1-8 TSS
1vs2-9 Fecal Coliform
1vs 2-8 Flow
6 vs 1-5,7-9 Turbidity
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relatively high detection limits compared to the data set and the average detection limit. For
this reason, the alternate method of handling nondetect data was unreliable for these

parameters compared to substituting half the detection limit for nondetects.

3.2.4 Discussion of Results

3.24.1 Flow

All flow measurements and water collections were made during periods of baseflow as
defined in Section 3.2.2. Most measurements and collections were obtained after a period of

over 72 hours without measurable precipitation.

Flow was measured five times at all pool sites from 1991 through 1995, representing low as
well as high baseflow periods. Average flows at each pool tended to increase from
upstream to downstream and ranged from 1.38 cfs at Pool 1, near the headwaters, to 25.06
cfs at Pool 9, just above the Recharge Zone. An average of measurements indicates that
baseflow increases 0.63 cfs per mile (.39 cfs per kilometer), characterizing Barton as a
gaining creek. Figure 3.2 illustrates the incremental increases in flow from upstream to
downstream. Differences in flow among the nine pool sites were significant. The lowest
flow recorded in this study was 0.07 cfs at Pool 1 and the highest flow of 47.68 cfs was
measured at Pool 9 (Appendix Photos 9A and 9B).

Flows measured by ERM staff were relatively close to flow measurements recorded at the
USGS stations (Pools 5 and 8) on the same dates (USGS, Water Resources Data, 1992-94).
While the median baseflow calculated with ERM’s five measurements is a reasonable
median value for this five year study period, a more accurate representation of average
baseflow would include a flow measurement for all sampling events in this study rather
than the average of the five events shown in Figure 3.2. The average baseflow for all 20
sampling events, as measured by USGS at Pool 8 is 58 cfs, while the average at Pool 8 for the
five events measured by ERM staff is 19.83 cfs. This higher USGS average is a result of some

high baseflow sampling events following the December floods of 1991. For instance, the
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highest of the five discharges measured by ERM was 47.68 cfs, and the highest baseflow
discharge measured by USGS at Pool 8 during any of our 20 sampling events was 390 cfs on
6/4/92 (USGS, 1992). Rates of baseflow and the concentration of constituents such as
nitrates are not correlated (R*= 0.053). An analysis of flow as it relates to pool site drainage

area was discussed in Section 2.3.

3.2.4.2 Dissolved Oxygen, Water Temperature, and pH

Dissolved oxygen, temperature, and pH averages and medians were not significantly
different among the nine sites. DO averages ranged between 8.25 mg/L and 9.96 mg/L,
with means and medians generally increasing somewhat from upstream to downstream
(Figure 3.3). This trend is probably due to gradual increases in flow from upstream to
downstream; however, dissolved oxygen values fluctuated diurnally, increasing with more
sunlight and photosynthesis; and in general, the field analysis began upstream in the
morning and ended downstream in the afternoon. Seasonal trends in DO were common,
owing to corresponding flows and air temperatures, and minimum DOs usually occurred in
late summer when pools were isolated from surface flow and water temperatures increased.
The minimum DO recorded was 4.56 mg/L at Pool 9 in late July of 1995. This is the only
DO measured below TNRCC's surface water standard of 5 mg/L (Appendix E). The
average DO calculated by TNRCC for the Central Texas Plateau ecoregion was 6.7 mg/L.
This DO is slightly lower than the nine pools’ average range, but this difference can be
explained by the low flow summer conditions monitored by TNRCC during the ecoregion

study.

Average water temperatures ranged between 19.32 C and 21.72 C (range 2.4C) at all nine
pools, and the median range was even smaller. The headwater Pool 1 had the lowest
average temperature, which may be a result of its higher position in the watershed and the
greater influence of ground water in the upper reaches of the creek. Low temperatures here
may also reflect that this site was generally monitored in the morning, during the cooler

~ part of the day. Average water temperatures throughout the watershed follow seasonal

fluctuations in air temperature. The minimum temperature recorded was 9.04 C at Pool 4
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on February 1, 1991, and the maximum temperature recorded was 33.93 C at Pool 8 on
August 2, 1993. TNRCC’s average Central Texas Plateau ecoregion temperature of 28.1 is
indicative of the summer season it was measured. Most temperatures measured in this
study were well below TNRCC's surface water standard of 32.22 C for Barton Creek,
Segment 1430 (Appendix E). »

Differences in pH among the nine pools were minor, with means ranging between 7.63 at
Pool 1 to 7.84 at Pool 5, and medians ranging between 7.65 and 7.83. The headwater site
may be slightly lower in pH owing to the heavier ground water influence in the headwaters,
but some differences in pH can also be attributed to the time of day a site is monitored. The
pH values become more alkaline as increased photosynthesis removes carbon dioxide from
the system and consequently less carbonic acid is formed. TNRCC's Central Texas Plateau
ecoregion pH average of 7.8 was near the higher side of this study's average pH range. All
pHs measured in this study were within TNRCC'’s surface water standard for Barton Creek,
Segment 1430 (Appendix E).

3.24.3 Total Dissolved Solids and Conductivity

TDS and conductivity were measured by the same field probe and are closely related
parameters; both are presented for documentation purposes (Figure 3.4). Conductivity
averages ranged from 492 umhos/cm at Pool 5 to 602 umhos/cm at Pool 8. TDS averages
ranged from 208 mg/L at Pool 5 to 268 mg/L at Pool 8. All TDS measurements in this study
are in compliance with the TNRCC’s surface water standard for Barton Creek of 500 mg/L,
Segment 1430 (Appendix E). Pools 1, 7, 8, and 9 all have higher average conductivity, and
Pools 1 and 8 have higher TDS than the other pools; however, only Pool 8 tested
significantly different from all other pools with regard to conductivity and TDS. TNRCC's
Central Texas Plateau Ecoregion conductivity average of 425 umhos/cm is lower than this
study's average range. TNRCC's ecoregion conductivity is in the range of the minimum
conductivities measured in this study. The 1988 BCPDR established a baseline geometric
mean TDS of 236 mg/L at Loop 360 and Barton Creek, and this TDS falls in the middle of

this study's average TDS range. Six other urban creeks monitored by Austin's Water
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Watchdog Program reported median TDS values ranging between 300 and 420 mg/L, all
substantially higher than TDS medians or means on Barton Creek resulting from this study.

TDS concentrations in the mainstem of Barton Creek can be impacted by nearby upstream
spring discharges which are substantially higher in dissolved solids. Investigations by ERM
of a perennial spring located just above Pool 8 measured the upstream/downstream impact
to the mainstem surface waters. The investigation confirmed that Pool 8 was impacted by
this spring (Appendix Photo 2B). An overall maximum TDS of 460 was recorded at Pool 8.
This value was reported during a relatively low baseflow event (2.2 cfs on 8/8/94) and was

very close to the TDS value measured at the spring discharge.

3.2.4.4 Turbidity

Average turbidity ranged between 0.84 NTUs at Pool 6 and 2.27 NTUs at Pools 7 and 9,
while median turbidity ranged between 0.54 NTUs at Pool 4 and 1.7 NTUs at Pools 2 and 9
(Figure 3.5). Pools 2, 7, 8, and 9 all had average turbidities of greater than 1.5 NTUs,
whereas Pools 1, 3, 4, 5, and 6 all had average turbidities of less than 1.5 NTUs; however,
only Pools 7 and 9 were statistically higher in turbidity than the other pools.

Construction activities off Barton Creek Blvd. were in close proximity to Pool 7 just before
and during the course of this study. Residents living near Pool 7 reported that a man-made
impoundment just upstream of Pool 7 had become increasingly turbid since the
construction began. The sediment accumulating in the impoundment was a fine silt which
produced a milky cloud when disturbed (Appendix Photo 5C). Resuspension and transport
of this fine silt is the most probable cause of the significantly high turbidity at Pool 7. Cattle
ranching was also considered as a possible cause for higher turbidity at Pool 7; however,
two other sites (Pools 1 and 3) also have cattle ranching in close proximity, and neither of

these pools experienced significantly high turbidity.

Although the same milky white suspension was observed throughout the study at Pool 9

and in other natural impoundments immediately above Pool 9, no specific construction
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activities were observed or discovered in close proximity to these pools by ERM staff. One
factor in common with the two study pools significantly higher in turbidity (Pools 7 and 9)
was an impoundment directly above these pools. However, Pools 1, 2, and 8 also had water
impounded above them and did not have significantly high turbidity. Impoundments
potentially trap sediments, which can be resuspended and consequently elevate turbidities
in pools directly below the impoundments. The conditions under which resuspension and
transport of sediment occur are usually transitory, and may not have been represented

consistently in the data set.

The maximum turbidity recorded during this study was 7.6 NTUs at Pool 7, and an overall
minimum turbidity of 0.15 NTUs was recorded at Pool 6. Pool 7's high turbidity can be
explained by a combination of construction activities and an upstream impoundment. Pool
6 was significantly lower in turbidity than all other pools and was characterized as a
relatively small pool with a substrate composed principally of cobble and boulder, and a
swift current with no impoundment upstream. Fine sediments were not easily trapped

above or within Pool 6.

3.2.4.5 Total Suspended Solids, Volatile Suspended Solids

Average TSS ranged between 1.04 mg/L at Pool 4 and 4.11 mg/L at Pool 9. A comparison
of averages and medians in TSS between the nine pools is shown in Figure 3.6. Only Pool 9
had a statistically higher TSS average; Pools 5 and 7 also had relatively high TSS averages.
TNRCC'’s Barton Creek TSS of 5 mg/L and the ecoregion average of 9 mg/L are somewhat
higher than this study’s average range. Urban creeks, other than Barton Creek, monitored

by the Water Watchdogs ranged somewhat higher in TSS, from 2.4 to 8 mg /L.

The significantly high TSS at Pool 9 is partially explained by resuspension and transport of
fine sediments from those trapped from periodic runoff events in a natural impoundment
above the site. Nevertheless, the source of this TS5 is unresolved, similar to the anomalous
high turbidity at Pool 9. Another explanation may be that Pool 9's large size and depth may
slow flow velocity more than other sites, making it easier for finer sediment to be captured

and resuspended in the pool itself. Pool 7's higher TSS concentration can be explained by
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the same factors as caused its high turbidity -- construction activities and resuspension of
fines from an upstream impoundment. A milky white turbidity plume was observed by
ERM staff entering Barton Creek above Pool 5 from the tributary of Little Barton Creek
during one sampling event, and this site’s maximum TSS of 8.3 mg/L was recorded on this
date. The color and opacity of the plume was similar to construction site runoff; however,
no specific site location could be identified as the source. In addition, no other natural
phenomenon such as massive bank sloughing or cliff failure was evident in Barton Creek or

major tributaries in the area.

VSS discerns the fraction of TSS which is organic as opposed to the mineral fraction, and the
ratios of VSS to TSS are shown for each pool in Figure 3.7.

Generally, the pools with higher TSS values tended to have the lowest ratios of organic
solids to total solids, indicating that mineral suspended solids are responsible for the higher
TSS values at these sites. The lowest average ratio of VSS to TSS was 0.24 at Pool 9, while
the highest was 0.68, occurring at Pool 4. The other seven pools have an average ratio of
approximately one part VSS to three parts TSS or 0.33, and TNRCC’s average ecoregion ratio
was near the middle of this study’s range at 0.44.

3.2.4.6 Bacteria

Fecal coliform averages were quite similar between sites with the exception of Pool 1 which
averaged 238 colonies/100ml, more than twice any other site. Both medians and averages
were statistically higher at Pool 1 as compared to the other eight pools (Figure 3.8). TNRCC
measured 10 col./100ml at Barton Creek, and the ecoregion average was 55 col./100ml. The
1988 BCPDR recorded a geometric mean of 15 col./100ml at Loop 360 and Barton Creek. All
of the nine pool sites in this study, except Pool 1, had average bacteria counts between 15

and 100 col./100ml.

Fecal coliform to fecal streptococci ratios were measured on two occasions at Pools 1, 2, 5,
and 8. This method of differentiating the source of fecal contamination as human versus
other warm blooded animals was accepted prior to the 1989 17th Edition of Standard

Methods; however, because of streptococci false positives and die-off, the method is
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currently not considered reliable under all conditions. Nevertheless, this ratio is still being
examined and has been found to be a useful tool in some environments (Baker and Hegarty,
1997); therefore, a limited number of fecal coliform to fecal streptococci ratios were
examined. If the ratio is over 4.0, contamination is most likely domestic wastewater sources
and feces of humans; however, ratios of 0.7 or less typically characterize contamination from
other warm blooded animals, such as cattle or wildlife (Geldreich and Keener, 1969;
Clausen, Green, and Litsky, 1977). An overall average FC/FS ratio of 0.59 indicates the
source of contamination to be animal throughout the watershed; furthermore, no single

ratio at any of the selected sites, including Pool 1, indicated the bacterial source to be

human.

An active cattle ranching operation is located on properties immediately upstream of Pool 1,
making this land use the most likely contributor of bacteria at Pool 1 (Appendix Photo 4B). |
No other source could be located in proximity to the sample site. Although fecal coliform
counts were significantly higher at Pool 1 compared to other sites in this study, Pool 1’s
average (238 col./100ml) and median (85 col./100ml) concentrations were relatively low
compared to the urbanized creeks in the Town Lake watershed (COA, 1994a). These urban
creeks had a median fecal coliform concentration range of 700 to 5,040 col./100ml, and in
comparison Barton Creek had a median concentration of 1435col./100ml at its confluence
with Town Lake. This concentration at the mouth of Barton Creek may be related to the
impact of animal feces; large numbers of ducks and geese reside at this monitoring site.
TNRCC’s contact recreation limit for fecal coliform is 400 col./100ml for ten or fewer
samples (Appendix E) or a thirty day geometric mean of 200 col./100ml. Pool lis normally
in compliance with the contact recreation criteria except immediately after a storm event
which generates substantial runoff. In the recent 1996 TNRCC 305(b) report, Barton Creek
was determined not to support the contact recreation use due to fecal coliform levels. This
was based on quarterly sampling at eight sites by TNRCC. Given the variability of fecal
coliform during runoff events and the myriad of other sources which could have impacted
these sampling events, it is not surprising the City’s baseflow data in pools above Barton
Springs would indicate the criteria to be met. In addition, the distribution of sampling

downstream of the pool could have influenced their conclusion.
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3.24.7 Oxygen Demand

Three methods were used to estimate a site’s requirement for oxygen and evaluate the load
of organic pollution, including organic debris, oils, and greases. These methods include
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), and Total Organic
Carbon (TOC).

BODs were analyzed only once at two sites, Pools 5 and 8, and both sites had 0.5 mg/L
BODs. TNRCC'’s ecoregion project reported 0.5 mg/L BOD at Barton Creek and an average
of 1.3 mg/L for the ecoregion. The 1988 BCPDR established a baseline geometric BOD mean
of 0.2 mg/L for Barton Creek at Loop 360. BOD appears to remain at or near detection limit
(0.1-0.5) throughout the study area.

Average COD values ranged between 3.5 mg/L at Pool 5 and 7.7 mg/L at Pool 3, but no
statistically significant differences were found between the nine sites. The single highest
COD value was 18.3 mg/L, recorded at Pool 3, but the minimum for every site was the
detection limit of 2.5 mg/L. The median values at all sites ranged between 2.5 mg/L and 5
mg/L, indicating that low CODs, at or near the detection limit, were normal throughout the
study area. COD was not analyzed by TNRCC in their ecoregion project, but other
relatively undeveloped streams in the Austin area (such as Bull Creek) also usually measure

near the detection limit in COD.

TOC was measured only at two sites, Pools 5 and 8, and the difference observed between
these two sites proved insignificant. Pool 5 averaged 6.18 mg/L and Pool 8 averaged 7.95
mg/L. The median TOC at Pool 5 was 2.75 mg/L, and the median TOC at Pool 8 was 3.59
mg/L. A geometric mean TOC of 2.8 mg/L was documented as the baseline for Barton
Creek at Loop 360 in the 1988 BCPDR. This value is below the averages but near the
medians observed in this study. Relatively high maximum TOCs detected at both Pool 5
(18.5 mg/L) and 8 (32.7 mg/L) may be responsible for the difference in TOC averages noted

between this study and the BCPDR geometric mean.
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3.2.4.8 Total Phosphorus and Orthophosphate as P

Although average total phosphorus varied somewhat, ranging between 0.02 mg/L and 0.05
mg/L, median total phosphorus values at all pools were nearly constant at or below the
detection limit of 0.02 mg/L. Orthophosphate as P (ortho-P) averages also varied
somewhat, ranging between 0.01 mg/L and 0.03 mg/L, but again the median ortho-P
numbers were below the detection limit at all pools. Therefore, median total and ortho-P
values indicated low phosphorus concentrations throughout the study area and no
significant differences in phosphorus concentrations among sites. Also, no difference was
observed between phosphorus levels at Barton Creek in this study and TNRCC’s Ecoregion
Project or the baseline established by the 1988 BCPDR. The Water Watchdog program
reported median baseflow ortho-P concentrations between 0.05 mg/L (Harper’s Branch)
and 0.24 mg/L (Shoal Creek) in other urban creeks of the Town Lake watershed, and
reported the lowest ortho-P median (0.03 mg/L) at Barton Creek.

3.2.4.9 Ammonia as Nitrogen

Ammonia nitrogen averages were virtually identical at all pools (0.03 mg/L); however,
median ammonia values separated into two distinct groups: Pools 1 through 5 all had a
median ammonia concentration of 0.02, and Pools 6 through 9 all had a median ammonia
concentration of 0.03. Nevertheless, these median differences are not statistically significant.
Ammonia is normally found in very low concentrations in most streams, because newly
formed ammonia is oxidized rapidly into nitrites and nitrates. Similar NH3 averages were
documented in TNRCC's Ecoregion Project: 0.02 mg/L at Barton Creek and 0.03 mg/L
throughout the ecoregion. The BCPDR also established an ammonia nitrogen geometric
mean of 0.02 using 1978 - 1986 data. The other urban creeks of the Town Lake watershed,
studied by the Water Watchdogs, had median ammnonia nitrogen concentrations ranging
from 0.07 mg/L (Blunn Creek) to 0.33 mg/L (East Bouldin Creek). The Watchdogs lowest

median amunonia concentration (0.04 mg/L) was on Barton Creek.
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3.2.4.10 Nitrate and Nitrite as Nitrogen

Nitrate+nitrite as nitrogen averages ranged considerably from 0.05 mg/L at Pool 1 to 0.31
mg/L at Pool 8. One high value of 2.48 mg/L at Pool 8 heavily influenced this site’s
average; however, Pool 8's median nitrate concentration of 0.15 mg/L was also substantially
higher than the other pool's medians, which range from 0.04 to 0.09 mg/L. A somewhat
lower nitrate+nitrite concentration was observed with both averages and medians in the
upstream Pools 1 through 5 as compared to Pools 6 through 9, but the only significant
nitrate concentration difference was observed at Pool 8 (Figure 3.9). The 1988 BCPDR
established a baseline geometric mean nitrate concentration of 0.1 mg/L for Barton Creek at
Loop 360. TNRCC reported a total nitrate+nitrite concentration of 0.02 mg/L on Barton
Creek and 0.13 mg/L for the Central Texas Plateau ecoregion. Austin's Water Watchdog
Program reported median nitrate nitrogen concentrations for seven urban creeks, including
the mouth of Barton Creek, and they ranged from 0.1 to 1.1 mg/L. The median
nitrate+nitrite nitrogen concentration at the mouth of Barton Creek, below Barton Springs,
was reported to be 0.8 mg/L. Barton Springs was responsible for the higher nitrates
measured at the mouth of Barton Creek, because Barton Springs averaged about 1.45 mg/L
nitrate nitrogen (COA Ground Water Monitoring Program) and contributed significantly to
the flow at the creek's mouth. Only one site in this study, Pool 8, had a higher average
nitrate+nitrite concentration than the baseline of 0.1 mg/L established by the 1988 BCPDR.

Although determinations of nitrate and nitrite concentrations were normally made together,
on one occasion (3/24/91) nitrate concentrations were analyzed separately from nitrite.
These separate analyses showed, on average, nitrite made up, at most, 13 percent of the
nitrate+nitrite mixture. This nitrite percentage was actually even lower, because the nitrite
concentration was calculated using the detection limit, and nitrite was reported below the

detection limit at every site on this date.
The spring above Pool 8 which impacted conductivity and TDS at this site also impacted

nitrate+nitrite concentrations there (Appendix Photo 2B). Investigations by ERM staff have

shown that nitrate concentrations in Barton Creek are about 0.1 mg/L higher below this
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spring than above. This elevation in nitrates closely accounts for the difference in median
nitrate+nitrite between Pool 8 (0.15 mg/L) and the other pools (about 0.05 mg/L). The
average nitrate+nitrite at Pool 8 of 0.31 mg/L is much higher than the median of 0.15 mg/L
because of one outlying value of 2.48 mg/L, obtained at Pool 8 during a low flow period.
This concentration of 2.48 mg/L also coincides with the high concentration of nitrates
measured at the spring above Pool 8 during low flow; however, the spring is known to
fluctuate in nitrate concentration (see Section 2.0). The 2.48 mg/1L seen at Pool 8 may be an
example of the spring expressing its maximum impact at this site. This maximum nitrate
recorded from laboratory analysis is believed to be accurate, because an unusually high

conductivity of 1002 umhos/cm was also recorded at Pool 8 on the same date.

Underground terrace deposits appear to link the spring above Pool 8 with portions of Lost
Creek Country Club’s golf course, where treated sewage effluent is stored in a holding pond
and used for turf application. When both the spring and the holding pond were monitored
during the same month, similar nitrate nitrogen concentrations and nitrogen isotope ratios
(N15/N14) were observed, both with a sewage effluent signature. Although some physical
and chemical evidence supports the hypothesis that the spring above Pool 8 is linked
hydrologically with effluent storage and application on the Lost Creek Golf Course, dye
tracing would be required to confirm this link. ERM staff and Lost Creek Golf Course staff

are currently working together to resolve this question.

3.24.11 Total Kjeldahl Nitrogen (TKN) and Total Nitrogen

Since TKN is a combination of ammonia nitrogen and organic nitrogen, and ammonia
nitrogen was observed to be near the detection limit of 0.02 mg/L at all pools, the TKIN
results can be viewed in most cases as differences in the presence of organic nitrogen.
Average TKN ranged from 0.17 mg/L at Pool 3 to 0.31 mg/L at Pool 8, and median TKN
ranged from 0.12 at Pool 3 to 0.23 mg/L at Pool 8 (Figure 3.10). Pool 8 was significantly
higher in TKN or organic nitrogen than the average of all othér sites. The maximum TKN
observed was 0.72 mg/L at Pool 8, and the minimum TKN or detection limit occurred at all

pools except Pools 7 and 8. Although samples were not obtained for TKIN analysis above
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and below the spring located upstream of Pool 8, TKIN may be elevated at Pool 8 owing to

impact from the same spring that elevates conductivity and nitrates.

All nitrogen species except ammonia were elevated at Pool 8; therefore, the total nitrogen at
Pool 8 was also significantly higher than all other pools. Total nitrogen medians were
calculated for each site by adding TKN and NO, , medians. TN medians ranged from 0.16
at Pool 3 to 0.38 at Pool 8. Figure 3.11 illustrates the median trends for all nitrogen species at

the nine study pools.

3.24.12 Percent Algae Cover

The waters of Barton Creek support a diverse algae community and natural distribution of
the algae is dependent on flow, temperature, nutrients and canopy cover or available
sunlight (Wetzel 1979, Hauerand Lambert 1996). Various species of green, blue-green and
red algae, along with diatoms are common throughout Barton Creek. Carpet algae (a
spongy amalgamation of sediment, diatoms, green, and blue-green algae species) is
ubiquitous, growing on stream substrates throughout the watershed (Appendix Photo 6B).
Algae provide an important source of biomass and cover for benthic macroinvertebrates
and fish, but they may also reach nuisance levels due to eutrophication. In intermittent
Central Texas streams, successional colonization reoccurs after periods of flooding and
drought. The diatoms and blue-green algae colonize the scoured or recently re-watered
substrate. In time, the green and red algae can establish themselves as major components of
the stream biota. It is not uncommon to find strands of attached filamentous algae growing
on substrates in lotic areas of the stream during periods of medium to high flow. As flow
decreases in the mainstem during periods of extended low rainfall, pillows of unattached
algae (Spirogyra “type”) may appear in lentic regions and pools. Depending on rainfall and
ambient conditions, pulses of increased nutrients may produce algae blooms of filamentous
green algae, attached or unattached. Local Spirogyra “type” blooms can occur in any of the
study pools when conditions are favorable (Appendix Photo 8B), but these blooms are
usually short lived and do not tend to displace all other species of algae and aquatic

macrophytes, as is the case with an attached Cladorphora bloom.
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A diverse community structure of aquatic plants in Barton Creek includes submerged,
floating, or emergent aquatic flora. Submerged plants include non-filamentous algae
species with a vascular plant morphology such as the skunk-smelling Chara sp. or Nitella sp.,
which is referred to as poodle algae for its branches full of fuzzy spheres. Another
submerged plant, the delicate vascular macrophyte Utricularia sp., bladderwort, illustrates
aquatic adaptations by floating tiny yellow flowers to the surface for pollination. During
favorable conditions, this tiny bladderwort can dominate the cover of a pool (Appendix
Photo 6C). The reddish foliage of Ludwigia sp., water primrose, adds color to the submerged
scene (Appendix Photo 11B), while the rich green foliage of Potamogeton sp., pond weed,
sends primitive looking spiked flower stalks to the surface which are a favorite food of
water fowl. Other submerged aquatics like najas grass, milfoil, or species of red and blue-
green algae add to the variety of color and shapes visible in a pool with a diverse
community structure. Several aquatic plants are commonly seen emerging from the
shallows of Barton Creek like Typha sp. or cattail. Probably the most common emergent
plant on Barton Creek is Justicia sp., water willow, which stabilizes sediments and bears
attractive blue and white flowers. The ubiquitous Eleocharis sp., spikerush, stabilizes bottom
sediments and muddy creek fringes alike. Mats of water-hyssop (Bacopa sp.) and the
common frog fruit or Phyla sp. are common mudflat species. One of the most common
plants stabilizing streamn margins along Barton Creek is a lush clump sedge-grass called
Carex emoryii whose native foliage looks like the exotic monkey grass, used to border

landscapes in the city.

Figure 3.12 illustrates that total plant cover was greatest at Pools 1 and 8; however, the
composition of the plant community was quite different between these two sites.
Filamentous algae cover in Pool 8 replaced bare substrate, non-filamentous algae, and
vascular macrophyte cover found in Pool 1 (Appendix Photo 6A). Although total algae
cover was relatively uniform in all nine pools (Figure 3.13), Pool 8 was significantly higher
than any of the other pools in filamentous algae covef'(Figure 3.14). A dense Cladophora sp.
population, reoccurred from 1990 through 1993, and accounted for much of the high
average filamentous algae cover encountered in Pool 8. But other forms of filamentous

algae cover have also been high at Pool 8 when Cladophora is reduced or absent. Pool 7 was
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Figure 3.12

Barton Creek Pools Study
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Figure 3.13

Barton Creek Pools Study
Total Algae Mean Percent Cover
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Figure 3.14

Barton Creek Pools Study
Filamentous Algae Mean Percent Cover
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the only other pool to experience a dense cover of Cladophora on one occasion in 1993 (COA,

1993a), and this pool averaged the second highest average filamentous algae cover.

The deterioration of diverse aquatic flora, caused by a dominance of the Cladophora sp.
below sewage treatment facilities, is well documented by other researchers (Wharfe, et al.
1983, Dodds 1991, Hynes 1970). Dense populations of Cladophora are uncommon in Barton
Creek, but once established in an area, Cladophora tends to remain dominant for long periods
of time because of its sturdy wool-like morphology which includes a tenacious holdfast or
anchoring mechanism. Other filamentous algae species encountered in this study were
more ephemeral and tend to be displaced by high flows more easily than Cladophora which
prefers moderate to fast currents (Stevenson 1996). The biomass per unit area of Cladophora
is heavier than other filamentous algae observed on Barton Creek, and bank-to-bank
coverage, densely packed with as much as two meter long strands, is not unusual in stream
reaches invaded by Cladophora (Appendix Photos 7A and 7B). Following such blooms the
eventual death and decomposition of these dense mats of Cladophora in the creek may result
in "nutrient spiralling,” causing nutrient enrichment and increased algal growth
downstream (Haur and Lamerti, 1996). In addition, the creek substrates which once
supported these dense strands are afterwards covered with anaerobic sediments which
contribute hydrogen sulfide odors and severely degrade the aesthetic value of the creek as

well as the habitat for aquatic life.

Extensive Cladophora blooms have occurred in Barton Creek in areas where the predominant
land use is golf courses irrigating with sewage effluent. A large population of Cladophora
was first encountered at Pool 8 in November of 1990 and for several years the reoccurrence
of this population of Cladophora appeared to be related to the higher nitrates measured at
this site, elevated by a spring's discharge. Solid mats of Cladophora were also observed
extending approximately 1.3 miles above Pool 8, and were originally thought to be caused
by higher nitrates chronically discharging from golf course tributaries along this stretch. A
positive correlation coefficient of 0.90 was found at the nine study pools between average
nitrate nitrogen and average percent filamentous algae cover (Figure 3.15). However, in the
spring of 1993, ERM staff witnessed the sudden establishment of another Cladophora bloom

at and below Pool 7, extending the degraded stretch of Cladophora dominance
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from 1.3 to 3.3 miles. This bloom provided information about the establishment of these
dense monoculture Cladophora populations, indicating that the establishment of blooms may
have more to do with acute spills and leaks rather than chronic discharges from golf course

tributaries or springs.

Physical and temporal evidence suggest that the 1993 bloom at Pool 7 was triggered by the
accidental overflow from a golf course waterfall recirculation pond, resulting in a discharge
to Barton Creek of over 440,000 gallons of lake water mixed with small quantities of effluent
(COA, 1993a). More recently, dense Cladophora populations were absent in Pools 7 and 8
during surveys conducted in 1994 and 1995. Cladophora blooms at Pools 7 and 8 were
scoured away by heavy rains, and the relatively high nitrate discharges from the springs
and tributaries draining the golf courses in the area have not been sufficient to bring the
Cladophora blooms back to their former magnitude. It has been shown that in some systems
algal growth is phosphorus limited and a surge of phosphorus results in Cladophora or other
filamentous algae blooms (Hynes, 1970). The ambient nitrogen to phosphorus ratios in
baseflows at Pool 8 are greater than 20 to 1, which is generally considered phosphorus
limited (Borchardt, 1996). Therefore, because of the high phosphorus content in wastewater
effluent, it is also possible that the 1990 - 1993 blooms were initiated by elevated phosphorus
concentrations associated with effluent irrigation. Although the Cladophora has been
virtually absent in recent years, Pool 8’s higher nitrates have supported relatively high
Spirogyra “type” filamentous algae cover in 1994 and 1995 (Appendix Photo 8A). Elevated
nutrients coming from springs and tributaries into Barton Creek may serve to maintain a
Cladophora bloom or greater cover of other filamentous algae, but may not be sufficient to
initiate the types of Cladophora blooms which occurred from 1990-1993. The ambiguity
concerning the specific nutrient causing the blooms is due to the influence of phosphorus at
very low levels (near detection) and the availability of both nutrients in the wastewater
events associated with blooms. Nitrates are sometimes used as a readily measurable

indicator of nutrient enrichment regardless of which nutrient is limiting algae growth.
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3.2.5 Conclusions

o Comparisons made among pools in this study illustrate some small but statistically
significant spatial differences in water quality along Barton Creek’s mainstem; however,
various statistical analyses attempting to show temporal trends in water quality proved

insignificant for the period of record of this study.

¢ From the pools studied in this project, it appears that one factor influencing baseflow
water quality from the headwaters to the Recharge Zone is land use of the adjacent

properties in the watershed between pools.

e Baseflow on Barton Creek gradually increased from upstream to downstream at an
average rate of .63 cfs per mile, and flows ranging from 0.07 cfs to 390 cfs were observed
during the course of this study as baseflow conditions (Section 3.2.2.3). Correlations
between rates of baseflow and the concentration of constituents such as nitrates were

found to be weak but inversely related.

e Dissolved Oxygen, water temperature, and pH were not found to be significantly
different among the nine pool sites. With these parameters, small differences among
pools may be related to differences in flow from upstream to downstream or differences
in sampling times from morning to afternoon. In addition, no significant difference was

found between sites for phosphorus, ammonia, TOC, BOD, and COD.

» Significantly high turbidity was measured at Pools 7 and 9, and Pool 9 is statistically
higher in TS5 than the other nine pools. The fine, milky white sediment associated with
these pools may have been generated from nearby construction activity, but high
turbidity and TSS at these sites may also be a function of sediment trapping in the deep,
slow moving Pool 9 or in the upstream impoundment above Pool 7. In general, higher
TSS values were caused by an increase in mineral sediment load rather than organic

sediment load as observed through VSS to TSS ratios.
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o Fecal coliform was significantly higher at Pool 1; however, bacteria counts were still very
low there compared to urban creeks and normally within safe limits for recreational
contact. Fecal coliform was probably of animal, not human, origin throughout the

watershed, including Pool 1, where the source is most likely cattle.

» Pool 8 was significantly higher than all other sites in nitrates, TKN, TN, conductivity,
and TDS. These elevations can be attributed to a spring which discharges just upstream
of Pool 8. Some evidence suggests that the source of elevated nitrates at this spring may
be an effluent holding pond on the Lost Creek Golf Course, but continued
investigaﬁbns, including dye tracing, would be necessary to be confident of this

hypothesis.

e Pool 8 was significantly higher than all other sites in percent cover of filamentous green
algae, principally due to reoccurring Cladophora sp. blooms there. Higher nitrates and
conductivity correlated positively with higher filamentous algae at this site, but ERM
staff have observed that Cladophora blooms can result from nutrient surges caused by
accidental spills or mismanagement of irrigation effluent. The chronic, elevated nitrate
discharges above Pool 8 may have maintained established Cladophora blooms rather than
initiated them. To determine the specific triggering mechanisms for Cladophora blooms

in Barton Creek additional data would be required.

In summary, surface water comparisons made among nine perennial pools over a five year
period on the mainstem of Barton Creek indicated that the lower three study pools, all
below Barton Creek Blvd., were each impacted by either significantly higher nitrates, TDS,
TSS, or turbidity. The other six pools upstream of Barton Creek Blvd. showed no significant
degradation with the exception of significantly higher fecal coliform at the most upstream
headwater pool. It is important to note that impacts to each of the lower three pools were
localized and not ubiquitous along this lower reach of the creek. Water quality impacts seen
at one study pool will diminish before reaching the next study pool, only to be replaced by

other impacts related to local land use or construction activities.
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Baseflow water quality above Barton Creek Blvd. was fairly homogeneous, and the water
chemistry along this reach of the mainstem has not deteriorated substantially since the 1988
Barton Creek Policy Definition Report was written. The baseflow water chemistry throughout
the study area is still excellent compared to other streams contributing to Town Lake
studied by Austin’s Water Watchdog Program and to least-disturbed streams studied by
TNRCC in the Central Texas Plateau ecoregion. Evidently, enough relatively pristine waters
still flow from Barton Creek’s rural and undeveloped areas to dilute impacted discharges
from developed tributaries and springs located further down the watershed. The
conclusions of this study are consistent with national data documenting limited impacts
detectable in the current impervious cover range of the Barton Creek Watershed (Schueler,

1995).

Further development in the Barton Creek Watershed that does not provide adequate
baseflow protection and impervious cover limits will most likely be associated with the
following impacts during baseflow periods: (1) diminished water clarity in impounded and
slower-moving waters, resulting from construction-related runoff; (2) replacement of a
diverse aquatic flora with a monoculture of Cladophora algae below lands where there is
potential for mismanagement of treated sewage effluent used for irrigation; (3) maintenance
of heavier filamentous algae cover in the mainstem owing to nutrient-enriched waters

draining to Barton Creek from developed tributaries and springs.

3.2.6 Recommendations For Future Monitoring

The City’s surface water monitoring program has established an excellent temporal and
spatial data base along the mainstem of Barton Creek since 1990, examining trends in water
chemistry and vegetative cover in perennial pools from the headwaters to the Recharge
Zone. However, monitoring of these pools must continue to determine long term trends,
track the health of the creek, and to identify specifié causes for algae blooms. Therefore, it is
recommended that the City continue quarterly monitoring of eight of the nine mainstem
pools for water chemistry and percent algae cover. Pool 2 can be dropped, because the pool
is gradually receding due to natural changes in creek morphology; it may not be a perennial

pool in the near future, and other upstream pools are adequate to provide rural water
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quality data. An additional water chemistry site is recommended immediately above
Barton Creek Blvd. to track water quality before entering the lower third of the study area,

where most impacts have been detected.

In order to determine short term impacts from storm events or other forms of pulse loading,
it is recommended that three in situ data loggers be deployed along the mainstem of Barton
Creek: inPool 3, above Barton Creek Blvd., and in Pool 8 or 9. This will provide continuous
water quality information at a rural site, a site immediately upstream of the impacted reach
of the study area, and a site near the downstream end of the study area. It would also be
beneficial to conduct 24-hour dissolved oxygen monitoring in each of the regularly

monitored pools, at least once per year during summertime, low flow conditions.

Additional chemical assessments are recommended at selected pools on a regular basis.
Sediments should be analyzed at all pools on a quarterly basis in ERM's laboratory for total
petroleum hydrocarbons using a cost effective immunoassay technique. A full suite of toxic
sediment constituents, including pesticides, should be analyzed every third year in one
select pool located in each third of the study reach.

Additional bioassessments ére recommended. Benthic macroinvertebrates should be
monitored in each of the regularly monitored study pools at least once a year and quarterly
at a select pool in each third of the study reach. City collaboration with TNRCC's Surface
Water Quality Monitoring Team has been suggested for this task. Other methods of
quantifying periphyton growth should be employed at all study pools as indicators of water
quality, including determinations of diatorm community structure and biomass of
periphyton collected from artificial and natural substrates (Hynes 1970, Wetzel 1979, Haur
and Lamberti 1996). Additional factors affecting the growth of algae such as stream
velocity, solar incidence, substrate characteristics, and depth should be monitored to
correlate with percent cover of filamentous algae growth to further investigate the factors

affecting algal growth (Weitzel 1979, Hauer and Lamberti 1996).

It is recommended that an investigation using ground water tracers be made to confirm the

source of higher nitrogen and conductivity values at Pool 8. Cooperative dialog is‘currently
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taking place between Lost Creek MUD and ERM staff to initiate this investigation. If itis
determined that any effluent holding ponds on the Lost Creek Country Club golf course are
leaking, remedial action should be negotiated. Remediation may be timely, in that Lost
Creek MUD may be enlarging their holding capacity in the near future; therefore, effective

liners could be retrofitted in the process.

Data collected by Austin Community College students and other citizens involved in the
City’s Water Watchdog Program have been used in this report and in the City’s Town Lake
Study Report to compare and contrast water quality in many of our urban streams,
including Barton Creek. It is recommended that the City’s environmental staff coordinate
monthly Citizen Monitoring assessments at mouths of all streams in Austin for comparison
purposes. A regional approach should be taken to involve not only the Water Watchdog
Program, but also the City funded Opportunities For Youth Program, Travis County
Streamwatch Program, TNRCC Texas Watch Program, and the LCRA Colorado Riverwatch
Program. The efforts of these volunteer groups will then be focused on a common goal:
production of an annual index of chemical water quality for public information. This
interlocal participation could then more effectively promote and coordinate creek and lake
cleanups, creek restoration and stabilization, storm drain marking, distribution of
educational materials throughout each watershed, frail building, and other community
involvement projects. LCRA has also expressed support for this recommendation in their

review of an earlier draft of this document.

3.3 BARTON CREEK CANYONS STUDY

3.3.1 Preface

Barton Creek lies within the Balcones Canyonlands subregion of the Edwards Plateau biotic
region (LBJ School of Public Affairs, 1978). The Balcones Canyonlands are formed on the
Balcones Escarpment, which is highly eroded and dissected as compared to the higher,
nearly level, central part of the Edwards Plateau. It is this dissected landscape that gives the
Barton Creek Watershed and other areas west of Austin their unique morphology and

character. Numerous tributaries empty their contributing waters into the mainstem of
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Barton Creek, and as Barton’s watershed develops, each canyon or tributary’s land use may
be mirrored by its water quality. The Barton Creek Canyons Study, like the Barton Creek
Pools Study, is part of an effort to assess and track the water quality in the Barton Creek
Watershed as authorized by the Austin City Council.

In November of 1990, the City of Austin's Environmental Resources Management Division,
began a study of the baseflow water quality and algae cover at nine sites in the mainstem of
Barton Creek from the headwaters to the Edwards Aquifer Recharge Zone. During the
course of this study, annual investigations were made in which an entire stretch of the creek
from Highway 71 to Lost Creek Blvd. was surveyed by canoe, and individual tributaries
contributing to Barton Creek were sampled for a comprehensive longitudinal water quality
assessment. Although baseflow water quality remained fairly homogeneous from upstream
to downstream in the mainstem of Barton Creek, substantial differences were observed
between contributing tributaries, and these differences appeared to be related to land use.
During a survey of Barton Creek in the spring of 1993, following the appearance of a new
Cladophora sp. algae bloom in the mainstem, ERM staff observed several tributaries with
elevated nutrient regimes, and all were associated with watersheds containing either golf
course or high density residential development (COA, 1993a). Although mismanagement of
domestic wastewater effluent used for irrigation may have initiated the 1993 Cladophora
bloom in the mainstem of Barton Creek, high nutrient concentrations discharging from
developed tributaries may have contributed to the maintenance of nuisance levels of algae
over longer periods of time, and cumulative impacts of elevated nutrient concentrations
may be enough to both initiate and maintain undesirable levels of filamentous algae in some

areas of Barton Creek in the future.

Based on this preliminary tributary data, ERM designed a monitoring study to determine if
significant water quality differences exist between tributaries draining three major
categories of land use: (1) golf courses, (2) high density residential developments, and (3)
rural areas representing ranching and low density residential development. This study was
initiated in response to concerns expressed at Council and the Environmental Board

concerning upland development in the Barton Creek Watershed.
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Water quality in canyon tributaries with a known dominant land use was compared as an
indicator of each land use’s relative impact on Barton Creek. Furthermore, baseline water
quality data was obtained from rural tributaries which are currently developing or may
develop in the near future under the City of Austin’s water quality ordinances. Several
strategies were implemented in this study design to compare water quality between the

three land uses:

(1) The baseflow water quality was sampled in as many different Barton Creek
tributaries as possible to obtain baseline data and compare water quality by
chafacterizing the land use in each canyon as one of the three major land use
categories.

(2) Three representative tributaries were selected, one from each land use category,
to be sampled for baseflow water quality on the same day, once each month.

(3) Water quality was sampled during several storm events from the three
representative tributaries at precisely the same time during the storm.

(4) Using data from all Barton Creek tributaries, the three main land use categories
were subdivided into watersheds using alternative wastewater disposal
strategies for water quality comparisons.

(5) The water quality differences in two residential canyons were compared with

different sized buffer zones surrounding the stream.

3.3.2 Methods

3.3.2.1 Site Selection

All together, 38 sites on tributaries located in the Barton Creek Watershed were sampled in
conjunction with various Barton Creek monitoring programs (Plate 3, Appendix F). A data
base was maintained for all tributaries to Barton Creek and each stream was characterized
as residential, golf, or rural. Three representative tributaries of these land uses were
selected and monitored regularly, on a monthly basis. Although the extrapolation of
statistical inferences from “representative” sitesAsuggests pseudo-replication (Hurlbert,

1984), obtaining replicates was not possible early in the study with available resources.
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In a separate analysis of the same data set, the 38 sites were grouped into the following
alternative sewage treatment categories for analysis: golf courses using treated wastewater
effluent for irrigation (GEI), residential areas spraying treated wastewater effluent on native
grasses (REI), residential areas on septic systems (RS), residential areas on a central sewage
system (RC), or rural areas that are ranched or largely undeveloped (R). The groupings
were made on the basis of watershed reconnaissance and predominant land use impacts
observed. Additional analysis of watershed characteristics is planned using recent aerial

surveys.

The three representative tributaries for golf, residential, and rural land use were selected
based on three criteria: (1) the two developed subwatersheds were fully built out, one as
solely a residential neighborhood density, the other solely a golf course; the rural
watershed was either vacant, ranched, or with a very low density of residences (five to ten
percent total impervious cover); (2) all three subwatersheds had perennial baseflow, in
order to collect samples monthly; (3) all three subwatersheds were in close proximity to
each other so that storm events impacted all tributaries with the same amount of rainfail.
Anideal regional center for the three representative canyons was found at the Lost Creek
Blvd. bridge over Barton Creek, because the City of Austin operates a Flood Early Warning
System rain gauge there; precipitation quantities were obtained for the precise time of a
storm water collection. An effort was made to select watersheds of roughly the same size,
but the absence of perennial baseflow eliminated many candidates from consideration.
Three perennial flowing tributaries were found within one mile of the Lost Creek FEWS
station. The representatives for residential and golf course land use were less than 100 acres
in size (72.1 and 22.9 acres respectively), but a larger watershed area was necessary to obtain
perennial flow in a rural setting (1,904.8 acres). The residential canyon was a fully
developed watershed in the Lost Creek Subdivision (Ringtail Ridge Canyon or RRC); the
golf course canyon was located on the Crenshaw Golf Course of Barton Creek Properties
(Crenshaw Tributary or CRT1); and the rural canyon was the upper portion of Short Spring
Branch tributary, upstream of the Lost Creek Golf Course and Barton Creek Estates
residential subdivision (Short Springs Branch at Estates or SSBE), (see Table 3.5, acreage and

impervious cover information). Water was collected at the mouth of RRC and CRT1 or the
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confluence of these tributaries with the Barton Creek mainstem, and water from SSBE was
collected several hundred feet upstream of Lost Creek Blvd. Land use and site
abbreviations are provided in Table 3.6 along with wastewater strategy classification and

buffer size.

One additional residential tributary within the Lost Creek Subdivision, discharging just
downstream of RRC, was sampled monthly and during storm events along with the other
three representative tributaries. This tributary, LCR, was not selected as a principal
representative of residential land use because it did not have pérennial flow. However, it
was sampled, when flowing, to compare water quality between two adjacent residential
watersheds with different sized undeveloped buffer zones surrounding the stream. LCR
canyon is part of the Barton Creek greenbelt system and has an average of 760 feet of
undeveloped buffer on either side of the stream up to the headwaters. Site RRC, the
representative residential canyon, has a much smaller buffer, averaging approximately 228
feet, and some landscaped yards come immediately adjacent to the stream bank. The
average buffer for both canyons is relatively high, because the Barton Creek greenbelt is

calculated into the average.

3.3.2.2 Sampling Protocol

Surface water samples were collected by ERM staff from the mouth of each stream or at an
upstream site which represented the drainage of a particular land use. Standard collection
methods were employed to prevent contamination and insure preservation of samples; all
analyses with the exception of pH were conducted in accordance with the 19th Edition of
Standard Methods For Examination of Water and Wastewater (American Health Institute, 1995).
Some pH measurements were not made in the field as is recommended; samples taken at
various locations by different teams were brought back to the lab for analysis by a single
instrument. Parameters measured in the laboratory include the following: nitrate-nitrogen,
ammonia nitrogen, ortho phosphorus, fecal coliform, turbidity, total suspended solids, pH,

and total dissolved solids.
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Table 3.5
Acres of Various Land Uses in the Barton Creek Canyon Sites

Parks | Single Total | Total | Percent

Vacant 8 €| Office| Utilities a Impervious | Impervious
& Golf| Family Acres

Cover Cover
CRT 212 20.84 22.96 1.15 5.00}
LCR | 106.82 72301 6.61 0.58} 186.32 31.14 16.72
SSBE | 1831.10 73.71 1904.81 113.67 5.97
RRC 18.39 53.73 72.12 17.04 23.62

Source: City of Austin, Drainage Ultility Department GIS Database, 1997



Table 3.6 Land Use and Site Abbreviations

Site Abbreviations Land Use Wastewater Strategy Buffer Size
GEI Golf Effluent Irrigated NA
REI Residential Effluent Irrigated NA

RS Residential Septic Systems NA

RC Residential Central System NA

R Rural None/Some Septic NA
CRT1 _ Golf Representative Effluent Irrigated NA
SSBE Rural Representative None/Some Septic NA
RRC Residential Central System 228 ft.

Representative Smaller
LCR Residential Central System 760 ft.
Larger

Other information such as flow, water temperature, last rainfall, and existing weather
conditions were measured or noted in the field. Flow was measured with a Marsh
McBirney Model 2000 velocity meter using methods recommended by TNRCC's 1993 Water

Quality Monitoring Procedures Manual.

Baseflow conditions were defined as follows: at least 12 hours following measurable
precipitation of less than 0.5", at least 24 hours following a rainfall of between 0.5" and 1.0",
and at least 48 hours following a rainfall of greater than 1.0". Baseflow water quality
samples and flow measurements were taken in the three representative streams
concurrently, once each month; and intermittently collected baseflow data from all 38
subwatersheds were also used in a comparative analysis of various land uses.

Stormflow samples were grabbed at the three representative sites simultaneously when
precipitation measured between (.5" and 1.0" at the Lost Creek FEWS station. Water
quality comparisons were made between sites, because the samples were taken in the same
portion of the rainfall event. Although this was only an approximate method of first flush
sampling, more rigorous monitoring over the hydrograph would have required a

continuous flow monitoring station at these locations. No attempt was made to match
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sample timing with occurrence of the hydrograph peak; however, this is addressed in

recommendations for future monitoring.

For a discussion of the quality control and analyses for statistical significance used in the

Canyon Study see the Barton Creek Pools Study text, Sections 3.2.2.5 and 3.2.2.6.

3.3.3 Results

ERM staff began assessing water quality in Barton Creek tributaries as early as April of
1992; however, a monitoring work plan was written and contemporaneous sampling began
in April of 1994 to compare the three representative canyons. Using the data obtained at 38
sites, representing approximately 200 random baseflow observations, means, medians,
maximums, and minimums have been determined for three principal categories of land use
- golf, residential, and rural (Table 3.7). These statistics have also been calculated for the
three principal land use categories using data obtained at RRC, CRT1, and SSBE, describing
baseflow, storm events, and post storm conditions (Table 3.8). Furthermore, water quality
statistics in two residential canyons, RRC and LCR, with different sized buffer zones are
also compared (Table 3.9). Data are also organized to compare water quality between rural
(undeveloped) sites with canyons characterized by alternative uses of waste water effluent:
golf sites using treated effluent irrigation, residential sites using treated effluent irrigation,
septic systems, and central wastewater systems (Table 3.10). An overview of statistically
significant results for each of these comparison schemes is shown in Table 3.11 (Appendix
H). Nonparametric (Kruskal-Wallis and Brown-Mood Median Analysis) tests show
whether parameters are statistically different anywhere within a given analysis grouping;
whereas multiple comparison (Contrast) tests show where the significance is when
comparing any two groups. Using alternate methods of handling non-detect data the

results of nori—parametric comparisons would change for isolated contrast tests on TSS and

NH,-N.

Additional comparisons would change depending upon assumption of rank value for non-

detects in isolated tests on turbidity and orthophosphate. The additional tests do not
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Table 3.7

Barton Creek Canyons Study
All Sites
Baseflow Conditions

Group pH TDS |Turbidity] NH3-N | NO3-N | Ortho-P| Fecal Coliform TSS Flow | Temperature
(mg/L) (ftu) (mg/L) | (mg/L) | (mg/L) (col/100 mL) (mg/L) | (cfs) °C
Golf count 54 54 30 61 66 64 20 37 25 10
Golf minimumi 6,90 240 0.50 0.005 0.01 0.0005 1 1 0.25 0.0005 18.00
Golf maximumy{ - 8.40 828 8.00 0.13 2.16 0.17 4300 15.00 427 25.00
Golf mean 7.82 452 2.66 0.02 0.68 0.03 576 3.44 0.53 21.32
Golf median 7.90 440 200 | o001 (.63 0.03 69 2.00 0.05 21.60
Residential jcount 91 92 66 | o4 99 97 60 52 42 16
Residential jminimum/}  7.16 170 0.50 0.005 0.005 4.0005 1 0.25 0.0005 14.00
Residential jmaximumj 8.38 678 6.00 0.46 4,20 0.90 3300 13.00 3.50 26.50
Residential jmean 7.90 351 1.78 0.03 0.54 0.03 330 2.08 045 21.54
Residential jmedian 790 | 349 1.00 0.01 .20 0.02 91 1.00 0.10 21.60
Rural count 43 | 42 40 48 | 55 52 33 19 28 10
Rural minimum] 740 210 0.50 0.005 0.005 0.0605 1 0.25 0.0001 15.00
Rural maximum|  8.52 490 4.00 0.10 0.80 0.09 6000 5.00 12.71 31.00
Rural jmean 7.86 284 1.33 0.01 0.08 0.02 369 1.16 1.83 23.70
Rural {median 7.82 272 r 1.00 0.01 0.05 0.02 40 0.25 0.58 24.50

Source: COA / DUD Database 1993 - 1995




Table 3.8

Barton Creek Canyons Study
Representative Canyons
Baseflow, Stormflow and Post Stormflow Conditions

Site Group Flow oH TDS | Tutbidity| NH3-N | NO3-N.| Orho-P |Fecal Coliform|{ TSS Flow {Temperature

mgfs |Gt | g | @gh) | gl | ol100mU | (mg) | (cf9 °C

CRT1 Golf Baseflow count 19 19 16 2% 23 21 12 10 7 0

CRT1 Golf JBaseﬂew L 7.60 330 1.00 0.005 005 0.005 3 0.25 0.0005

crTL oot [Basefiow 530 535 8.00 013 150 037 4300 5.00 086

CRTE . [Golf {Basefiow mean 7.95 414 261 0.03 087 0.05 742 119 013

cRT1  [Golf _IBaseflow [inedian 7.90 420 2,00 000 | 090 0.04 82 ozs | om

CRT Golf Post Stormflow {count 2 2 2 2 2 2 1 2 1 0

cRT Golf Post Stormslow |mi 7.50 20 3.00 0005 | 150 o0 30 160 003

CRT Golf Post Stormflow 7.80 480 2700 0.16 1.90 0.50 630 3.50 0.03

CRY Golf Post Stormflow imean 763 375 15.00 0.08 170 0:27 630 3.05 0.03

CRT  Gott Post Stormflow fmedian 765 375 15 008 170 027 630 3.05 0.03

cRY Golf st count 5 5 5 5 5 5 3 2 1 o

CRT Gols 760 280 075 o 050 093 165 080 | 0004

CRT Gott 8.10 s00 | 1m0 | oz 130 250 13650 120 | goog

CRT Golf 782 338 ©35 | o1 110 059 7938 100 | von

crT Gols 7.9 320 2150 | 013 105 06 10000 100 | oo

IRRC iResidential 17 17 16 17 18 8 16 12 11 1

IRRC [Residential |Baseflow minitum |- 776 220 0.50 001 030 om 20 025 0001 2120

IRRC __ |Residential [Baseflow maximum: | 830 120 600 008 220 005 1900 470 179 21.20

IRRC  [Residential |Basef! mein .03 7 18 005 130 00 449 157 030 2120

[RRC_ IResidential_{Baseflow di .00 360 100 002 125 0 167 130 003 2120

RRC Residential {Post Stormflow jcount 3 3 3 3 3 3 3 2 3 0

RRC Residential_[Post Stonmflow |minimum | 7.60 20 3.00 2:005 135 0 300 625 b5

IRRC__ |Residential [Post Stormflow fmaximum | 820 400 5.50 006 180 o 950 130 208

IRRC __[Residential |Post Storinflow |mean .87 340 417 0.03 165 o 563 .78 081

IRRC Residential |Post Stormflow median 750 380 400 002 150 P 440 0.78 218

RRC Residential {Stormflow jecount 5 5 5 5 5 5 4 3 3 &

RRC Residential {Stormflow {minimum 7.70 £G 0.75 0.01 036 0.02 144 0.25 0.003

RRC _|Residential [Stormfl madmum | 830 30 | 22700 | 036 095 038 55000 20 | oxs

RRC Tkaidmtizl Stormflow mean 83.00 233 5795 0.11 0.64 .15 16114 5.32 .05

{RRC ___ |Residential |Stormflaw __|median | 800 225 9.00 0.04 2,60 0.04 4655 050 | o008

ISSBE  [Rural {Baseflow count 12 1 1 1 1 13 11 11 9 0

ISSBE _ |Rural [Baseflow migimam | 7.60 270 0350 0005 | 0005 | 000 1 025 0.02

IssBE  [Rumi {Basefiow magmum | 811 4959 400 0.10 030 .05 6000 480 427

lssBE  |Rwrst  IBaseflow mean 7.8 36 132 002 o4 o 578 090 130

issBE  Rural Baseflow median .50 336 160 001 008 0.02 0 025 0.76

{SSBE  iRural Post Stormflow Jeotint 2 2 2 2 2 2 2 2 2 0

[ssBE__ [Rural Post Stormflow |minimum | 780 230 100 | ooos | oes | ogos 1 025 | 0w

Fssz {Rural Post Stormflow lmagmum | 830 330 200 002 010 o 190 220 288

SSBE ___[Rural Post Stormflow |mean 795 280 130 001 068 0.01 95 123 162

IssBE  [Ruxat Post Stormflow [median 795 260 1.50 o001 0.8 01 95 123 164

{SSBE _ |Rural Stormel count 4 3 1 4 4 4 3 3 2 0

{SSBE___|Rural IStormflow __fminimum | 7.60 310 050 00 00 1 0005 & 025 0.08

SSBE  IRural s 770 430 10.00 012 0.2 0.08 1070 220 035

SSBE  |Rural |stonmflow  jmean 7568 78 425 004 014 002 346 122 2.09

SSBE  IRural [Stormfiow di 770 385 325 002 0.4 003 200 120 209
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Table 3.9

Barton Creek Canyons Study
Two Different Buffers
Baseflow and Stormflow Conditions

Group Flow pH TDS | Turbidity |- NH3-N NO3-N Ortho-P [Fecal Coliform| - TS5 Flow | Temperature

(mg/L) (ftu) (mg/L) (mg/L) (mg/L). .| {(col/100 mL) | - (mg/L) (cfs) °C

LCR Baseflow. . jcount 13 13 11 13 13 13 12 9 2 0

LCR Baseflow {minimum 7.16 250 0.50 0.005 0.005 0.005 1 0.25 0.06

LCR Baseflow jmaximum 8.34 390 6.00 010 1.80 0.06 3300 525 0.11

LCR Baseflow |mean 763 335 2.86 0.02 0.31 0.03 471 1.38 0.09

LCR Baseflow -jmedian 7.60 330 3.00 0.02 0.13 0.03 95 1.00 0.09

——— - W — A o

RRC Baseflow  Jcount 17 17 16 17 18 18 16 12 11 1

RRC Baseflow jminimum 7.76 220 0.50 0.01 0.30 0.01 20 0.250 0:.001 21.20

RRC Baseflow - jmaximum 8.30 420 6.00 0.08 2.20 0.05 1900 4.700 1.790 21.20

RRC Baseflow jmean 8.03 347 1.81 0.03 1.38 0.03 449 1.574 0.303 21.20

RRC Baseflow™ “jmedian 8.09 360 1.00 0.02 1.25 - ”wg 03 167 1.300 A 0.026 21.20

LCR Stormflow |count 3 3 3 3 3 3 2 2 1 0

LCR Stormflow [minimum 7.23 184 5.00 0.01 O.Qé 0.020 135 0.25 0.04

LCR Stormﬂgw maximum 7.60 350 7.00 0.09 0.60 0.070 3800 1.00 0.04

LCR Stormflow |mean 7.44 281 6.00 0.04 0.35 0.040 1968 0.63 0.04

LCR Stormflow !median 7.50 310 6.00 0.02 0.40 0.030 1968 0.63 0.04

bssasss——— —— e T —

RRC Stormflow jcount 5 3 5 5 5 5 4 3 3 0

RRC Stormflow [minimum 7.70 80 0.75 0.010 0.36 .02 144 0.25 0.003

RRC Stormflow |maximum 8.30 350 24200 0.360 0.95 0.35 55000 15.20 0.25

RRC Stormflow [mean 8.00 233 57.95 0.106 0.64 0.15 16114 5.32 0.09

RRC Stormflow |median 8.00 225 9,00 0.040 0.60 0.04 4655 0.50 0.01

Sonrce: COA / DUD Database 1993 - 1995
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Table 3.10

Barton Creek Canyons Study
Alternative Wastewater Strategies
Baseflow Conditions

Group Flow pH TDS | Turbidity | NH3-N | NO3-N | Ortho-P{ Fecal Coliform T5S Flow {Temperature
(mg/L) (fta) (mg/L) { {mg/L) { (mg/L) | (col/100 mL) (mg/L) (cfs) °C
GEI count 54 54 30 61 66 64 20 37 25 10
GEIL minimum 6.90 240 0.50 o0 0.01 0.001 1 0.25 0.0005 18.00
GEl maximum | 8.40 828 8.00 013 216 | 0170 4300 15.00 4.27 25.00
mean 7.82 452 2.66 0.02 0.68 | 0031 576 344 0.53 21.32
median 7.90 340 2.00 0.01 0.63 0.029 69 700 0.05 71.60
RC count 48 49 40 48 51 49 43 35 18 3
RC minimum | 7.16 220 0.50 0.01 0.01 0.001 i 0.25 0.0005 19.00
RC maximunt | . 8.34 506 6.00 0.10 2.20 | 0.060 3300 7.40 1.80 21.20
RC mean 7.87 338 2.06 0.02 078 | 0.025 382 1.58 0.36 20.40
RC median 7.90 337 . 100 .| 041 060 | 0.020 100 1.00 -0.05 - 21.00
| = o et e Aang
REI q:fiount 17 i7 12 17 17 17 11 4 11 7
REI . |minimum 7.42 230 0.50 0.01 0.05 0.001 1 .50 0.05 14.00
REI maximum | 8.38 564 3.00 0.40 420 | 0.900 1300 5.00 3.50 26.50
REL mean 7.01 385 1.00 0.03 047 | 0.074 258 2.73 0.71 22.00
RE] {median 790 387 1.00 0.01 021 0.020 110 2.70 0.17 24.00
RS Jcount % 26 14 2 31 31 6 13 13 3
RS minimum 7.40 170 0.50 0.01 0.01 0.001 1 0.25 0.002 18.00
RS maximim 8.30 678 4.00 023 120 | 0105 470 13.00 2.50 23.89
RS mean 7.94 353 1.64 0.03 019 | 0020 89 323 0.37 21.58
RS median 8.00 370 150 0.01 0.08_ . 0.010 8§ 2.00 .08 22.10
Rural  jcount 43 42 40 48 5% 52 33 19 28 10
Rural  jminimum 7.40 210 | 0.50 0005 | 0.005 | 0.0005 i 0.25 0.0001 15.00
Rural  |maximum | 852 490 4.00 0.10 0.80 | 0:090 6000 5.00 12.71 31.00
Rural  |mean 7.86 284 1.33 0.01 008 | 0023 369 1.16 1.83 23.70
Rural  median 7.82 272 1.00 0.01 005 | 0.016 40 0.25 0.58 24.50

Sonrce: COA ./ DUD Database 1993 - 1995
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Table 3.11

| Barton Creek Canyons Study
Overview of Statistically Significant Variables

Nonparametric Tests Muiltiple Comparison Test
Crenshaw. Tributary {Golf)
Ringtail Ridge Canyon {Residential) Means Medians Golf vs Residentia Golf vs Rural Residential vs Rural
Short Springs Branch Estates (Rural)
pH, TDS, Turbidity, NO3- |pH, TDS, Turbidity, NO3- {TDS, Turbidity, NO3-N,  |TDS, Turbidity, NO3-N,  |pH, NO3-N, NH3-N, Fecal

N, Ortho-P, Fecal Coliform,

N, Ortho-P, Fecal Coliform,

Ortho-P

Ortho-P, Flow Coliform, Flow

Baseflow Flow Flow
TDS, NO3-N, Ortho-P NO3-N, Ortho-P NO3-N NO3:N, Ortho-P pH, TDS,NO3-N
Stormflow
Nonparametric Tests Multiple Comparison Test
All Sites Consolidated into Golf, Means Medians Golf vs Residential Golf vs Ruiral Residential va Rural

Residential & Rural Groups

TDS, Turbidity, NO3-N,

TDS, Turbidity, NO3-N,

TDS, Turbidity, NO3-N, TSSITDS, Turbidity, NO3-N, T6S,]TDS, Turbidity, NH3-N,

Baseflow TSS, Flow TS5, Flow Flow NO3-N, Flow

Nonparametric Tesis Multiple Comparison Test
Alternative Wastewater Sites:
Golf Effulent Irrigated (GE)
Residential Effluent Itrigated (RED) :
Residential Septic (RS) Means Medians Rural va GEI Rural vs RC Rural vs REI Rural vs RS
Residential Central (RC)
Rural (R)

TDS, Turbidity, NO3-N, TDS, Turbidity, NO3-N, TSS|TDS, Turbidity, NO3-N, TDS, 'NO3-N, NH3-N, TSS, |TDS, NO3-N, 155 pH, TDS, 188

Baseflow TSS, Flow 1SS, Flow Flow

Nonparametric Tests
Two Different Buffers:
Lost Creek Residential Means Medians
Ringtail Ridge Canyon
pH, NO3-N pH, NO3-N

Baseflow




change any fundamental interpretation of the data. Additional study is planned in order to

verify the relationships noted thus far.

3.3.4 Discussion of Results

3.3.4.1 Flow

Flows ranging from <0.01 to 12.71 cfs were measured during baseflow conditions in all 38
tributaries to Barton Creek. The three representative tributaries’ average baseflow ranged as
follows: 0.11 cfs at CRT1 (golf), 0.28 cfs at RRC (residential), and 1.2 cfs at SSBE (rural). The
median flows for CRT1, RRC, and SSBE are lower at 0.03, 0.04, and 0.76 cfs respectively.
These flows reflect the size of the three watersheds:: CRT11s 22.9.acres, RRC is 72.1 acres,
and SSBE is 1,904.8 acres. Analyses indicate that there was no significant difference between
baseflow in CRT1 and RRC, but SSBE flows were significantly higher than the other two

representative tributaries.

One significant storm event monitored on the three representative tributaries, generating
considerable runoff, occurred on 5/13/94; however, no flow measurements were obtained
during this event because of equipment shortage. Other storm events generated little more
flow than is typically measured during baseflow events; although, enough runoff was
generated to affect turbidity and other water quality parameters. The highest stormflow
measured in any of the 38 Barton tributaries over the course of this study was 61.47 cfs, and
this measurement was made at the mouth of a large rural tributary about 12 hours after

three consecutive days of rain, totaling approximately six inches.

It is interesting that both representative tributaries for golf and residential land use
maintained some baseflow throughout the year even though their drainage areas are
considerably smaller than the representative rural triﬁutary (SSBE). In fact, during several
particularly dry months, the SSBE was dry, while the two developed tributaries (RRC and
CRT1) maintained a small flow. It may be possible that certain types of development which
are characterized by heavy summer irrigation may enhance baseflow to their respective

drainage ways. Further study of this anomaly is warranted. None of the statistical analyses
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accounted for the drainage area of the tributaries, and comparisons of flow in this section
were made only as another water quality variable. An analysis of watershed yield,

comparing tributaries with alternative wastewater strategies, is discussed in Section 2.3.

3.3.4.2 pH

During baseflow and stormflow conditions a significant difference in pH was observed
between the representative residential (RRC) and representative rural (SSBE) tributaries
(Figure 3.16); although, no significant differences in pH were evident when comparing the
three principal land uses at all 38 sites. Comparing baseflow pH in canyons using different
wastewater treatment strategies, the residential septic (RS) sites were significantly higher in
pH compared to rural (R) sites (Figure 3.17). Comparing the two residential sites with
different sized buffers, RRC, with the smallest buffer, was significantly higher in pH than
large buffered LCR during both baseflow and stormflow conditions (Figure 3.18).

These results suggest that residential canyons on septic systems or residential watersheds
that use high pH city water (> 9 pH units) (COA 19%94a) for lawn irrigation may be
impacting water quality by making surface waters more basic. Furthermore, the data
available to date suggest that the larger the buffer zone around the creek, the less this
impact in pH is observed. Naturally, testing at several buffer levels is needed to verify this;
however, buffer size has been found to have a similar relationship to water quality in
studies nationwide (Schueler, 1995a). The residential canyon with the largest buffer zone
had the lowest pH. The small buffered stream’s higher average baseflow pH of 8.03 isnot a
significant water quality problem however, since TNRCC’s ambient water quality criteria
for pH is between 6.5 and 9.0 pH units. Nevertheless, these results indicate that high pH
may be a signature of watersheds where significant amounts of irrigation is practiced using

treated potable water from the City of Austin.

3.3.4.3 Fecal Coliform

Comparisons among golf, residential, and rural land use for median fecal coliform

concentrations during baseflow are shown in Figure 3.19 for all 38 sites. Figure 3.20 shows
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Figure 3.17

Barton Creek Canyons Study
Alternative Wastewater Strategies
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Figure 3.18

Barton Creek Canyons Study
Two Different Buffers
pH Mean Values
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Figure 3.20

Barton Creek Canyons Study
Three Representative Tributaries
Fecal Coliform Median Values
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fecal values during baseflow, stormflow, and post stormflow for the three representative
tributaries. No significant differences are found in baseflow bacteria concentrations when
examining all 38 sites, sites using alternative wastewater strategies, or residential canyons
with different sized buffer zones. The only statistically significant difference occurred
between baseflow fecal concentrations in the representative residential stream (RRC) and
the representative rural stream (SSBE) where median values were 167 and 40 col./100ml,
respectively. Median fecal concentrations appeared to be substantially different during and
immediately after storm events among the three representative land uses; however, these

differences are not statistically significant (Figure 3.20).

One speculation for significantly higher bacteria in the representative residential canyon
(RRC) may be greater amounts of pet feces from concentrated subdivision developments.
However, the significance of this statistical difference may be an anomaly, because no other
analysis grouping found bacteria significantly higher in residential areas. Whatever the
reasons for higher fecal counts in this one representative residential tributary, the baseflow
median fecal coliform levels were not high enough to warrant a persistent health threat (as
defined by TNRCC standards) to citizens using these waters recreationally (Appendix E).
However, the mainstem has been found to not support the contact recreation use category
on the basis of quarterly data obtained from eight TNRCC monitoring sites. This excedance
of fecal coliform criteria was not corroborated by the City’s mainstem perennial pool data.
However, the location of some of the TNRCC sites (below Barton Springs pool) as well as
TNRCC sampling during or immediately following storm events may have contributed to

the excedances.
3.3.4.4 Turbidity and Total Suspended Solids

When comparing all 38 sites (Figure 3.21) or the three representative sites (Figure 3.22),
baseflow turbidity was significantly higher in the golf course canyons. Baseflow TSS was
also significantly higher in golf course canyons thah residential or rural canyons when
comparing all 38 sites (Figure 3.23); however, there was no significant difference in TSS

when comparing baseflow in the three representative canyons.
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Figure 3.21

Barton Creek Canyons Study
All Tributaries
Turbidity Baseflow Median Values
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Figure 3.22

Barton Creek Canyons Study
Three Representative Tributaries
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Figure 3.23

Barton Creek Canyons Study
All Tributaries
TSS Baseflow Concentrations




Figure 3.24
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The various wastewater alternative land uses (GEI, REI, RS, and RC) were all significantly
higher in average TSS when comparing baseflow with rural (R) watersheds (Figure 3.24),
but only the golf course effluent irrigated (GEI) streams had significantly higher baseflow
turbidity than rural tributaries (Figure 3.25). No significant differences in turbidity or TSS
were indicated between the three principal land uses during stormflow conditions, and
there were no significant differences in either parameter between the two residential

canyons with different sized buffer zones during baseflow or stormflow.

3.3.4.5 Ammonia

Some significant and unusual differences in ammonia concentrations were found in
baseflow when comparing the three principal land uses. Although no significant differences
were found in ammonia in baseflow or stormflow when comparing the three representative
canyons, a significant difference was indicated between rural streams and residential
streams when comparing all 38 sites (Figure 3.26). When analyzing alternative wastewater
strategies, a significant difference was also indicated between residential streams on central
systems and rural streams. No significant differences were seen in ammonia concentrations
between the two streams with different sized buffers. Significance may be in question when

analyzing ammonia data since most results are at or below the detection limit.

Ammonia is relatively rapidly converted or oxidized to nitrite and nitrate when in contact
with oxygen; therefore, ammonia was usually found in very low concentrations. This is the
reason for baseflow median ammonia concentrations below the detection limit of 0.01 mg/L
for all land uses analyzed in this study. However, irrigation with treated City water,
relatively high in ammonia nitrogen (COA, 1994a), in residential areas may account for its

significantly higher ammonia concentrations when compared to rural areas.

3.3.4.6 Orthophosphate as P (Ortho-P)

Like ammonia levels, baseflow ortho-P was usually found in very low concentrations, but

this study indicates that baseflow ortho-P was significantly higher in the representative golf
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Figure 3.26
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Figure 3.27
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site (CRT1) than either the representative residential (RRC) or rural (SSBE) site (Figure 3.27).
However, when analyzing all 38 sites, no significant difference in baseflow ortho-P was
indicated among the three land uses. In addition, no significant differences were found in

ortho-P concentrations between the two streams with different sized buffers.

During stormflow, ortho-P was statistically higher in the representative golf tributary
(CRT1) than the rural tributary (SSBE) (Figure 3.28). Average ortho-P concentrations during
storm events for golf, residential, and rural representative canyons were 0.59, 0.15, and 0.02
mg/L respectively. These differences are notable, because phosphorus runoff from golf
courses during storm events may be an important factor in supporting dense filamentous
algae blooms occurring in the vicinity of golf courses on the mainstemn of Barton Creek.

Flow regime, canopy cover, and other nutrients may also influence these events.

3.3.4.7 Nitrates

When examining baseflow at all 38 sites, nitrate-nitrogen concentrations were significantly
different in the three principal land use categories. Median nitrate-nitrogen concentrations
in golf course streams were highest at 0.63 mg/L, followed by residential and rural median
concentrations of 0.20 and 0.05, respectively (Figure 3.29). Analysis of average and median
baseflow nitrate values in the three representative streams also indicates significant
differences between golf, residential, and rural tributaries (Figure 3.30), but this analysis
places the residential stream (RRC) as the highest in nitrate-nitrogen, followed by the golf
tributary (CRT1) and the rural tributary (SSBE). The results from all residential sites
illustrate that this study’s representative residential tributary (RRC) was in the high range of

nitrate values when compared to other residential canyons.

Differences in nitrate concentrations are also illustrated by looking at the two residential
canyons with different sized buffer zones. The caﬁyon with the smallest buffer around the
creek had significantly higher nitrate levels than the other canyon with a larger buffer
(Figure 3.31). Furthermore, during baseflow, there was a significant difference in nitrate-
nitrogen between rural canyons and all alternative wastewater land uses except residential

on septic (Figure 3.32). Golf course effluent irrigated sites (at 0.63 mg/L) and residential on
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central system sites (at 0.60 mg /L) were highest and almost the same in median nitrate-

nitrogen.

During storm events, there were also significant differences in nitrate-nitrogen levels among
the representative golf, residential, and rural canyons. Figure 3.33 shows how nitrate levels
were actually lower in the representative residential canyon (RRC) during storm events
than during baseflow, even though nitrate levels rose somewhat in the representative golf
tributary (CRT1) during these runoff conditions. The stormflow median nitrate-nitrogen
concentration for representative golf, residential, and rural land use was 1.05, 0.6, and 0.14

mg/L respectively.

Given its importance in determining impacts to Barton Springs, nitrate-nitrogen may also be
the most sensitive parameter that can be used to measure a development’s impact on surface
waters in the Barton Creek Watershed (Barrett, 1996). The nitrate parameter shows
significant differences between all three principal land uses during both baseflow and
stormflow conditions. Golf course land use creates the highest nitrate-nitrogen
concentrations in surface waters in most analysis groupings; however, some individual
residential streams, such as the representative residential stream (RRC), were higher in

baseflow nitrates than the average golf course stream.

The results of this study indicate that irrigating native grasses with treated sewage effluent
(commonly 15 to 20 mg/L NO,) in residential areas had less impact on surface water quality
than irrigating golf courses with the same resource {Metcalf and Eddy, 1991). Thjs could be
affected by differences in fertilization practices between golf course and residential land
uses. However, the large native buffer zones required in residential canyons irrigating with
effluent may be the most important factor influencing these results. This is due to both the
filtration from irrigation field buffers and the dilution from cleaner baseflow infiltrating
from the large canyon buffer. This hypothesis is further supported when examining the
lower nitrate-nitrogen levels (0.13 vs. 1.25 mg/L) in the tributary with a larger sized buffer
(Figure 3.31). Nitrate-nitrogen levels in surface waters of canyons on septic systems were
not enhanced significantly over baseline concentrations found in rural canyon surface

waters. Apparently, the larger lot sizes necessary in septic subdivisions and the creek buffer
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Figure 3.30
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zones required by the County Heath Department for septic fields are working to mitigate

nitrate enhancement in surface waters.

3.3.4.8 Total Dissolved Solids

With medians ranging from 272 mg/L to 440 mg/L, significant differences in TDS were
indicated among the three principal land uses in a variety of ways. When comparing
baseflow TDS at all 38 sites, the three categories of land use were significantly different from
one another (Figure 3.34), and when comparing baseflow TDS at the three representative
canyons, golf land use was significantly higher than either residential or rural land uses
(Figure 3.35). In both scenarios, TDS was highest with golf canyons, second highest in

residential canyons, and lowest in rural canyons.

In an analysis of canyons using different wastewater treatment schemes , rural sites were
significantly lower in baseflow TDS than all four wastewater treatment strategies (Figure
3.36). Effluent irrigated residential sites averaged higher TDS concentrations than streams
on central or septic wastewater systems, and the golf course tributaries (GEI) averaged

higher TDS than all other land uses.

Comparing TDS in the two tributaries with different sized buffer zones, the stream with the
smallest buffer zone was not significantly higher in TDS than the stream with the large
buffer, although the stream with the larger buffer zone has a somewhat lower TDS than the

stream with the smaller buffer zone (Figure 3.37).

During stormflow, TDS is typically diluted by storm water runoff (Hynes, 1970). The
canyon results comparing the three representative land uses illustrate how much more
runoff occurred in a residential canyon with higher impervious cover than a rural canyon

(Figure 3.38).

Stormflow TDS in the residential watershed was significantly lower than TDS in rural

watershed. While median TDS dropped substantially from baseflow concentrations at the
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representative golf and residential sites during storm events, median storm TDS

unexpectedly increased at the representative rural site (Figures 3.35 and 3.38).

In most analysis groupings, significantly higher TDS was accompanied by significantly
higher nitrates. For example, when all 38 sites were analyzed, golf course land use had
significantly higher nitrate-nitrogen and TDS (0.63 mg/L and 440 mg/L respectively), as did
residential land use (0.20 mg/L and 349 mg/L respectively) compared to rural land use
(0.05 mg/L and 272 mg/L respectively).

3.3.5 Conclusions

Analyses comparing baseflow surface water samples intermittently collected at 38 sites on
tributaries to Barton Creek indicated that significant differences in nitrate, ammonia, TDS,
TSS, and turbidity concentrations exist among watersheds draining golf courses, residential,
and rural land uses. Golf course tributaries usually had higher constituent concentrations
than residential tributaries, and both golf and residential drainages had substantially higher
concentrations for these five parameters than rural tributaries. However, when these 38
sites were analyzed, no significant differences were indicated during baseflow among the

three land uses for temperature, pH, fecal coliform, and ortho-P.

¢ Baseflow data suggested nitrate as the most variable parameter in the Barton Creek
watershed canyon data. A comparison of tributaries characterized by alternative
wastewater treatment strategies revealed that golf course watersheds using sewage
effluent irrigation and fully developed residential watersheds on central wastewater
systems generated significantly higher nitrate concentrations in their surface waters than
residential watersheds irrigating native vegetation/grass areas with sewage effluent,

residential neighborhoods on septic systems, or undeveloped rural watersheds.

e Analyses comparing baseflow samples collected contemporaneously from three selected
tributaries representing golf course, residential, and rural land use indicated significant
differences in pH, nitrate, TDS, ortho-P, fecal coliform, and turbidity concentrations.

Although, in this analysis scheme, the golf course stream was highest in ortho
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phosphorus, TDS, and turbidity; the residential site was highest in nitrates, fecal
coliform, and pH. No significant differences were observed between these three

representative tributaries in TSS and ammonia values.

When water samples were collected simultaneously during storm events from the three
representative tributaries, the golf course site was significantly higher than the other
land uses in nitrates and ortho-P, while the residential site was significantly higher in
pH and lower in TDS than the other two land uses. The residential site’s lower TDS
illustrated the heavier storm runoff experienced in land uses with more impervious
cover. The higher nutrient concentrations, especially phosphorus, in the golf course
runoff may play a role in increased algae coverage observed and measured on the

mainstem of Barton Creek, downstream of the golf courses.

Baseflow water quality samples collected contemporaneously from two adjacent
residential canyons indicated that the size of the undeveloped buffer zone around a
stream may be related to water quality. Median nitrate concentrations in these two
canyons indicated that water quality may improve as buffer zone size increases.
Furthermore, higher pH values were mitigated by larger buffer zones. The sample size
associated with this analysis renders the conclusions preliminary; they are, however
supported by national data (Schueler, 1995b). Besides pollutant removal, the benefits of
buffer zones are numerous (Appendix D), and include decreases in impervious cover,

effective flood control, and protection from streambank erosion.

In review of the canyon study data analyses, it was determined that no one distribution
fit the data sets or groupings used. In addition, the number of values below detection

limits were significant in some parameters. For these reasons, non-parametric methods
of statistical analysis were found to be more appropriate than those requiring normality

or transforms to obtain normality.

In summary, when compared to canyons representing rural land use, some form of

statistically significant water quality degradation can be documented for tributaries
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representing any of the developed land use categories. With few exceptions, golf course
land use has the greatest impact on surface water quality during baseflow and
stormflow, and the most pristine waters are always associated with rural land use.
Residential canyons irrigating native grass areas with treated sewage effluent have less
impact on surface water quality than irrigated golf courses using the same resource. In
addition, from the data available to date, it appears that buffer zones mitigate impacts
to water quality in residential areas on central sewage systems, and buffers or larger lot
sizes associated with residential areas using septic systems may function to keep excess

nutrients and bacteria from reaching surface waters.
3.3.6 Recommendations For Future Monitoring

City staff have developed a large data base of water chemistry assessments in a number of
tributaries to Barton Creek which have been characterized according to land use. This
report has documented significant differences in water quality between rural streams and
various types of developed tributaries. Findings of this report also support the results of
studies nationwide that large undeveloped buffer zones around creeks protect developed
streams from water quality impacts. Most of the study streams in this report are
characterized in general terms, and work needs to be done to detail and compare water
quality differences among other watershed attributes such as percent impervious cover,
buffer zone sizes, presence of water quality controls, and other ordinance driven
characteristics. This is especially important in determining the mitigating effects of different
buffer size on golf course pollutant loadings. Due to the gradation of vegetated cover near

golf course waterways it was uncertain where to delineate the buffer zone for this study.

It is recommended that the City continue to collect water quality information in as many
tributaries to Barton Creek as possible on a monthly basis to measure the effectiveness of
current City ordinances, water quality protection zones, and land management practices in
fully developed areas. Tributaries which are currently undeveloped, but planned for
development, should be top priority and monitored regularly to determine what impacts, if

any, are associated with particular development practices and regulatory policies.
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Installation of automated monitoring stations in these tributaries will allow detailed

comparisons of event mean concentrations, hydrographs, and pollutographs.

34  BARTON CREEK SEDIMENT DATA REPORT

3.4.1 Introduction

Traditionally, water quality has been assessed by studying the concentrations of dissolved
constituents in the water column. However, the study of sediments that accumulate on the
bottom of a water body is typically performed to supplement water quality data and to
provide a better historical representation of contamination. The utility of sediments as an
environmental indicator is mainly due to 1) the sorption of heavy metals and complex
organic pollutants to particulate organic matter in the sediments, and 2) the less transitory
nature of the sediments in comparison to the given mass of water in lotic systems. Because
sediments serve as a reservoir for toxic constituents and provide an excellent historical
record, their study has been important in assessing the short and long term effects of
pollution and urbanization on local waterways. In addition, many harmful components
bioaccumulate in the tissue of benthic macroinvertebrates that occupy or depend on the
sedimentary environment for their various life functions. Sediments can also be obtained in
intermittent streams, which are common in Central Texas, and are not dependent on habitat
type for collection. These monitoring benefits led to studies conducted by the City of
Austin’s Environmental Resource Management Division (ERM) of the sediments along

Barton Creek.

ERM collected samples from sites along Barton Creek between 1991 and 1995 (Plate 4).
Table 3.12 represents these sediment sites with refg;:ence to their location on Barton Creek

by river kilometer.

These samples were gathered by five different project teams, each attempting to detect

trends in the accumulation of heavy metals, organic pesticides and other organic
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constituents (Figure 3.39). Although the basic goal was the same, every project team had a
more specific purpose. The Bioassessment Project was funded by State Senate Bill 818, the
Clean Rivers Act, to run from May 1993 to August 1996. The purpose of this pilot project
was to evaluate the impact of nonpoint source pollution on Barton and Onion creeks using
biological indicators and EPA rapid bioassessment protocols. Sediments at six selected sites
on Barton Creek were sampled once to establish background conditions during the study.
The Environmental Integrity Index (EIl) study was developed by ERM as a monitoring and
evaluation tool to compare and rank Austin creeks. Water chemistry, biological, physical,
recreational and sediment collection protocols are used to assess the quality of the urban
and non-urban study creeks for use in prioritization in the Drainage Utility Masterplan.
This report includes sediment data from the first two sampling events. The Contaminated
Sediment Grant is a three year EPA 319 grant, started in 1994, that is designed to study
sediment removal by Best Management Practices (BMPs). This project sampled sediment at
two BMP sites that appear in this data set. The Town Lake Sediment Study is an ongoing
project targeting the effects of contributing creeks to the Town Lake basin. Three Barton
Creek sites were sampled once during this study, one site far upstream, one midstream and
one just above Barton Springs Pool. The remaining data sets are from various sediment
samples collected over the years that were not part of a particular study or project. They
were one-time collections that evaluated the sediment quality of a specific site at a specific
time according to City of Austin assessment needs. This report serves to consolidate and

compare Barton Creek sediment data from all available sources.

3.4.2 Description of Study

3.4.2.1 Study Area

The fluvial processes of Barton Creek create a pool and riffle morphology in which the
riffles are characterized by rapid flow, and shallow depth, while the pools are deeper, have
gentle gradients and low flow velocities. As a result, riffles are composed mainly of cobble,
gravel and coarse-grain sand, whereas pools consist of bedrock or a cobble-boulder

combination with a fine sediment cover approximately 2 to 5 mm thick.
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Table 3.12 Sediment Monitoring Locations

Site Number

15
23
34
42
51
52
63
74
75
89
91
92
98

Site Name

Pool #3

BC #0

BC#1

Hebbingston Hollow
Rob Roy

Fazio

Crenshaw

Lost Creek Bridge
BC #10

Campbell’s Hole
Above Barton Springs Pool
Barton Springs

Barton € reek mouth

River
Kilometer
441
34.1
29
24.2
18.6
18.5
16
14.4
14.2
6.5
0.9
0.7
0.2

Sediment samples have been collected and analyzed at sites from the upper section of the

watershed, above Highway 71, all the way downstream to the confluence of Barton Creek

with Town Lake. Most sites are represented by a single sampling event; however, sites at

Highway 71, Lost Creek Bﬁdge, above Barton Springs Pool, and in Barton Springs Pool have

been sampled up to four times (Figure 3.39). In addition to the stream sites, inlet filters in

the Barton Creek Watershed have been sampled to determine sediment quality of

stormwater runoff (Sites 87,91,96). Site locations referenced in this section are shown on

Plate 4 and cross-referenced in Appendix F.
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Figure 3.39
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3.4.2.2 Sampling and Analysis Methods

All equipment used by ERM for sediment sampling was prepared using a method described
by the TNRCC (Surface Water Quality Monitoring Procedures Manual, 1994). The samples
analyzed were composited from six grab samples collected using a petite ponar dredge
and/or a Teflon scoop. At monitoring sites where the sediment deposits were thick enough,
the ponar dredge was used exclusively. However, at most of the upstream monitoring sites,
accumulated sediment was sparse and thinly deposited, requiring the use of a Teflon scoop
to augment these collections. Because sediment was sparse in many areas, percent fines in
samples may not accurately represent the total percent fines at each site. Anoxic sediments
were avoided if encountered. The grab samples were composited in a large glass bowl and
mixed with a Teflon scoop. The composite sample was then transferred into glass sample
jars with Teflon lids and stored at 4 ° C for transportation to the lab for analysis. The
resulting sediment data are bulk chemical analysis of the submitted sample. All lab analysis

is reported in dry weight.

Over the course of the sampling, sediments were analyzed at two laboratories, LCRA
Environmental Lab and Inchcape Lab (NDRC). Sometimes these labs were used for
different sites and other times they were used for the same sampling event in order to
generate duplicate site data. Detection limits differed because of the nature of sediment
analysis, and at times the Jaboratory detection limits were higher than the expected
concentrations at a given site. The list of analyzed parameters also varies throughout this
period because the data originated from many studies carried out by different groups for
different evaluation purposes. Certain groups of standard sediment constituents were

routinely analyzed by both labs and will be discussed in the results section of this report.

All laboratory quality control was carried out by the selected laboratory’s according to
standard EPA quality control procedures for analysis of sediment/soil constituents. Results
reported here have been quality verified according to each laboratory’s quality control plan.
The data were managed in the City of Austin’s water quality database and manually
verified after data entry or transfer. Duplicate samples were sent to two different labs for

quality assurance purposes at three of the sites in this data set. Since this is an assortment of

225



studies and individual samples, a comprehensive quality assurance plan was not possible.
Although quality assurance was approached differently in each study, the certified

laboratories involved used.consistent QA methods.

3.4.2.3 Data Analysis Methods

To compensate for data source variability and allow more consistency in the data set,
analysis of certain parameters was emphasized. Parameter selection was based on their
availability in the data set and their importance in aquatic environments. The parameters
were then grouped for simplification. Table 3.13 offers an overview of the parameter
groupings followed by a more detailed description of the reasoning behind each group’s

selection.

The evaluation of heavy metals was necessary because elevated levels are attributed to
nonpoint source pollution and can be toxic to aquatic organisms. Although low metal
concentrations occur naturally in the environment and are essential as micronutriénts for an
organism'’s growth and metabolism, the use of fertilizers, herbicides, gasoline, motor oil,
and other metal-containing manufactured goods can cause metal concentrations to increase
to harmful levels. The potential of metals to become toxic is dependent upon the availability
of these constituents to organisms in the environment. As a result, assessment of sediment
metal concentrations was enhanced by examining the factors which influence metal
bioavailability and toxicity, such as grain size, percent dry weight, and acid volatile sulfide

concentrations.

Polycyclic aromatic hydrocarbons (PAH's) were analyzed because of their tendency to be
characterized as carcinogens or mutagens. These benzene-based hydrocarbons originate
from both natural and man-made sources; however, the major input of PAHs into the
environment is associated with storm water run-off céntai:ﬁng motor oil, gasoline, and
engine emissions. Organic constituents adsorb quickly to particulate matter in receiving
waters due to the formation of either a chemical or physical bond between the organic
compound and the sediment (Kahn, 1978). Because of their wide dissemination, they are

among the most frequently observed organic pollutants in runoff. Pesticides are detected
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less often than PAHSs in water or sediment samples in the Austin area. However, they

continue to be monitored because of their extreme toxicity and tendency to bioaccumulate.

Nutrients, in conjunction with several other general chemical and biological variables, were
also routinely measured in this data set in order to quantify background conditions and to
further collaborate metabolic processes in sediments. Although their analysis can
sometimes be appropriate and useful, most results are not discussed in depth here because
no levels of concern, distinct trends or evident connections to current environmental

conditions were determined.

The evaluation and analysis of sediment quality are difficult due to a lack of state or
federally adopted criteria. Researchers commonly disagree on factors that influence the
biological effects of contaminants in sediment. As a result, agencies have developed their
own methods for setting guidelines or screening values to aid in interpreting sediment data.
Two evaluation criteria approaches were selected for use in this report: the National
Oceanic Atmospheric Administration’s (NOAA) informal effects range-low (ER-L) and
effects range-medium (ER-M) guideline, and TNRCC's 85th percentile.

NOAA developed the ER-L (lower 10th percentile) and ER-M (median value) under the
National Status and Trends (NS5&T) Program, as a guideline to aid in the evaluation of
collected sediment data (Long, E. R. 1991). The ER-L and ER-M are biological effect levels
objectively selected from primarily estuarine sediment chemistry data which showed some
degree of toxicity. The potential for biological effect to occur increases as the chemical
parameters from a sediment sample surpass the ER-L and ER-M levels. Effects could occur
when levels exceed the ER-L and values above the ER-M indicate that effects are probable.

These values should be used as informal ranking tools, not as strict criteria.

The TNRCC has developed screening levels for metals and toxicants in sediment based on
its database of observed values for specific metals and organic substances throughout Texas
{305b, TNRCC. 1996). Twelve metals and 25 organic substances were identified and

assigned criteria values based on the 85" percentile of their state-wide database.
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Table 3.13

Sediment Variables by Group

Metals Polycyclic Pesticides/ |Nutrients (mg/kg) |Grain Miscellaneous
(mg/kg) Aromatic Herbicides Size(%)
Hydrocarbons |(ug/kg)
(ug/kg)
Total Organic
Arsenic Acenapthene {Aldrin Ammonia Gravel Carbon
Acid Volatile
Cadmium |{Acenapthylene |Chlordane |[Nitrate/Nitrite Sand Sulfides
Chemical
Oxygen
Chromium |Anthracene DDD Ortho-phosphorus |Silt Demand
Benzo(a) Percent Dry
Copper anthracene DDE Phosphorus Clay Weight
Benzo(a) Total Petroleum
Lead pyrene DDT TKN Hydrocarbons
Benzo(b)
Mercury fluoranthene  |Delta-BHC Volatile Solids
Benzo(g h,1)
Zinc perylene Endrin
Benzo(k)
{fluoranthiene  |Heptachlor
Heptachlor
Chrysene Epoxide
Dibenz(ah)
anthracene Malathion
Fluorene Parathion
Fluoranthene ' - [PCBs
Indeno(1,2,3)
pyrene
Napthalene
Phenanthrene
Pyrene

Source: COA database, 1991-1995




Any value found which exceeds this criterion would be higher than 85 percent of the values

assessed in Texas.
3.4.3 Results

Metals:

Five trace metals, arsenic, copper, cadmium, lead, and zinc were evaluated because they
were routinely analyzed at all monitoring sites. Table 3.14 indicates that only three metal
concentrations exceeded either of the methodological guidelines referred to above. Two of
the three values of concern, cadmium at 23.40 mg/kg and arsenic at 17.00 mg/kg, were
collected in one sample at site 13, which is a relatively undeveloped site. Both of these
values exceeded the TNRCC 85" percentiles of 1.140 mg/kg and 6.600 mg/kg respectively.
The cadmium value exceeded the ER-M value of 9.00 mg/kg. An arsenic value of 7.02
mg/kg was found in one sample at site 51; this is above the TNRCC 85th percentile but not
the NOAA ER-L of 33.00 mg/kg. A tributary above this site draining a residential
subdivision could be the source of this value. Although the remainder of the metal data fell
below the national and state standards, copper, lead and zinc levels showed increases at the
downstream sites (Figure 3.40). Because of the relationship between grain size and metal
adsorption rate, these higher levels may be attributed to the greater percentage of fine grain
material found at the farthest downstream sites as indicated in Figure 3.41. These elevated
concentrations may also be the result of the accumulation of sediment constituents from the
entire watershed or from localized runoff of developed land uses in the immediate urban

areas around Barton Springs.

Polvcyclic Aromatic Hydrocarbons:
Figure 3.42 shows all of the PAH levels that were found above detection limit in the Barton

Creek watershed in collections since 1991. (See Appendix for a complete list of PAH values.)
As is evident from the graph, there were no values above the detection limit at the upstream
or midstream sites; PAH’s were detected only at the two locations in the Barton Springs area
(sites 91 and 92) and at the two inlet filter drainage structure sites (sites 87 and 96). These
levels were very high, exceeding the NOAA ER-L in every case and the ER-M in most

samples. In fact, five sample sets exceeded nine or 10 ER-M criteria values by as much as
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23,147 ug/kg, as was the case at the site immediately above Barton Springs Pool (site 91) on
November 21, 1994. The TNRCC 85th percentiles for most PAHs (750 ug/kg) were
exceeded dramatically by the same five sample sets collected in and above Barton Springs
(Figure 3.42). These high PAH values in and around Barton Springs also greatly exceeded
values from samples collected from the inlet filter sites which are designed to trap and

concentrate polluted stormwater runoff from roads and parking lots.

Pesticides

Although many organic pesticides were analyzed for, very few were found in detectable
concentrations. The only sample set with levels above the detection limits occurred at the
site immediately above Barton Springs Pool on November 21, 1994. Table 3.15, below, lists
all of the detected pesticides from this sample. The pesticide levels from this sample are
much higher than the TNRCC 85th percentiles (TNRCC 305b. 1997). The values exceeded
the 85th percentile by as little as 4.57 ug/kg with Heptachlor Epoxide and as much as 743
ug/kg with DDD. In addition, many of the pesticides detected were at higher
concentrations than any other water or sediment sample collected in the watershed by ERM
in past years. NOAA ER-L/ER-M criteria were incomplete for this data set. Since this is

one sample point, these data can only be used as an indicator of a possible problem.

Total Petroleiim Hydrocarbons

The values for Total Petroleum Hydrocarbons (TPH) in the Barton Creek Watershed
fluctuated greatly from upstream to downstream, ranging from non-detectable levels at
Barton Springs (site 92) and site numbers 15 and 79 to 622 mg/kg at site 51 whiéh is located
in a residential development drainage area. In comparison, the two highest values of 5240
and 5500 mg/kg, were detected in sediments collected from a BMP inlet filter in the
watershed. This BMP site collects runoff from road and parking lot surfaces which are
major accumulation areas for petroleum products. ERM data indicate that although the
BMP values were average for this area, the value of 622 mg/kg was relatively high for a
residential drainage area. Similar values have been found at the mouths of other urban
creeks, but levels such as this are rare for upper and midstream sites. TNRCC and NOAA

screening levels were not available for TPH.
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Table 3.14

Tabulated Metal Concentrations

Sample Site & Arsenic Cadmium Chromium .
Collection Dates mg/kg mg/kg mg/kg Coppermg/kg Leadmg/kg Zinc mg/kg
Shield 5/94 18.00 <0.5 <25 20.20
fg:o 4/95 thru 052 (2) 052 (3) 3.36 221 (4) 412 (4) 14.63 (4)
BC #1 6/27/94 230 0.38 1.50 3.34 6.37
Hebbingston 6/94 1.65 0.44 1.45 3.00 5.70
Rob Roy 6/94 e <0.27 3.24 2,60 10.62
Fazio 6/94 <1.3 <0.27 5.28 <1.3 11.07
Crenshaw 6/94 0.76 0.50 4.98 2.88 20.59
Lost Creek 5/94 1.30 <0.25 «0.35 2.60 <2.5 12.10
B #10 9/9 thir 263 0.43 250 314 2) 3.87(2) 10.09 (2)
|6I94
Campbell 9/91 <13 8.51 3.83 7.22 26:11
A B
4!;’;’“’ SSiathral 05 1.06 (3) <0.40 794 (3) 1621 (4) 37.9(4)
Barton Springs 4/95 )
<3.23 0.76 {3) 7.27 14.11 (4) 11.49 (4) 27.75 (4)
Barton Creek )
IMouth 3.87 4.08 4.50 18.51 38.23
Screening Levels
TINRCC 85th %ile 6.600 1.140 19.000 18.000 40.000 83.(-;00'
ITNRCC 50th %ile 3.500 0.350 9.640 7.340 10.600 40.200
TINRCC 15th %ile 1.600 0.100 4.000 2.210 3.200 18.000
ER-L 33.00 5.00 80.00 70.00 35.00 120.00
ER-M 85.00 9,00 145.00 390.00 110.00 270.00

The number in'parentheses indicate the number of data points used to calcuiate the average value to the left.

Source: COA/DUD Database 1991-1995, TNRCC 1996, NOAA 1991
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Figure 3.40

Barton Creek Sediment Metal Concentrations 1991-1995
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Figure 3.41

Average Grain Size Distribution from Upstream to Downstream
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Polycyclic Aromatic Hydrocarbon levels above detection limit
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Table 3.15 Pesticide Values From Above Barton Springs on November 21, 1994

Pesticide Detected Values TNRCC 85th percentile
(ug/kg) (ug/kg) (ug/kg)
Aldrin 27.9 1.25
DDD 746.0 6.93
DDE 7.6 11.0
DDT 253 7.5
Delta-BHC 559.0 7.30
Endosulfan I 328.0 9.05
Endrin 530.0 2.45
Gamma-BHC 17.7 n/a
Heptachlor Epoxide 5.07 2.0
Heptachlor 232.0 1.0
Lindane 17.7 1.35

3.4.4 Discussion

The purpose of sediment sampling on Barton Creek has been to detect the presence of
pollutants which might be below detection limits in water samples but due to their
accumulation in sediments, may provide a more complete record of nonpoint source
pollution. The data presented here provide an overview of the general status of the quality
of sediments found in Barton Creek. Long term trend analysis in this data set demands very
consistent frequency and methodology over a long period of time. Sediment sampling
programs required by the Environmental Integrity Index to be used in the Drainage Utility
masterplan will allow long term trend analysis at a later point in time. The sediment data
gathered do allow for conclusions to be made about the pfesence and/or concentrations of

many standard sediment quality constituents on Barton Creek.
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Only three metal concentrations (two cadmium and one arsenic) exceeded the evaluation
guidelines used in this report. All three exceeded the TNRCC 85th percentile, and one
cadmium concentration exceeded the NOAA ER-M. Two of these higher concentrations
were reported from one sample collected at site # 15 which is a rural, undeveloped site,
where metal concentrations should be much lower than this anomalous value. All other

variables from the metal data set were reported at low or non-detectable concentrations.

A comparison of lead, copper, and zinc concentrations show that although they vary from
site to site, they increased from upstream to downstream (Figure 3.40). This may be the
result of difference in grain size distribution between samples. Grain size distribution data
indicated that higher concentrations of fine-grain material accumulated at the downstream
sites (Figure 3.42). Normalization of the metals’ data for grain-size indicated that a higher
concentration of metals occurred at the site 51, which had lJow values but also a low fraction
of fine grain sediments. These results may indicate that tributaries to Barton Creek were
depositing sediments more concentrated in heavy metals than the background conditions

were indicating. However, additional data would be required to confirm this conclusion.

At four dates, levels of PAH's at Barton Springs and the site immediately above the pool
were above EPA biological effects levels (Figure 3.41). However, initial toxicity tests, using
Microtox bioassays, did not verify this information. Benthic macroinvertebrate data from
these sites indicated that they were scoring lower than upstream Barton Creek sites, but
they scored equally or slightly better than downstream sites at other urban creeks. The high
levels of PAHs at sites 91 and 92 do not appear to be dramatically impacting thé benthic
macroinvertebrate population, according to bioassessment surveys. Additionally,
organochlorine pesticides were found above detection limits in one sample set at the Above
Barton Springs site. The increase in concentrations in this area could be attributed to the
accumulation of contaminated sediments at this most downstream site, from the discharge
of Edwards Aquifer springs or storm runoff from nearby residential and comumercial
development. PAH and pesticide levels at sample sites on Barton Creek above the Barton

Springs area showed no significant concentrations.
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3.4.5 Conclusions and Recommendations

Interpreted against NOAA biological effects levels and TNRCC screening levers,
concentrations of sediment constituents were not of concern, except for the area in and
around Barton Springs. This area showed indications of pollutant loading due to its
orientation at the downstream side of the watershed, its proximity to development and
construction, and/or its hydrologic status as a recipient of Edwards Aquifer ground water

from Barton Springs.

The sediment data collected on Barton Creek were difficult to evaluate because samples
were collected during various studies, leading to a small number of samples per site and
inconsistencies in sampling procedures. Any future monitoring or data analysis should
have standard study design practices and the use of sediment traps, which allow for
quantification of loading rates within each sediment grain size class. In addition, itis
recommended that some screening level be used initially (immunoassays or indicator

parameters), and that full suites of toxics be added when detected.

Two screening tools are recommended; site specific sediment quality criteria (SQC) for
organics and SEM/AVS (simultaneously extracted metals/acid volatile solids) ratios for
metals. These methods are the preferred indicators of contaminant bioavailability at the
EPA and TNRCC and are based on the idea that the toxic effect of sediment to benthic
organisms is determined by the extent to which a chemical is bound in sediments and not

the total chemical concentration (TNRCC 305b. 1997).

Development of useful sediment quality criteria must take into account the biological
response to sediment chemistry. Chemically based methods may be useful for setting global
guidelines but should always be supplemented with biologically based local or regional
criteria (R. Baudo. 1990). Site specific bioassay data, combined with SQC and SEM/AVS
values is currently the recommended approach to evaluate the complex and important

information stored in stream sediments.
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4.0 BIOLOGICAL ASSESSMENTS

4.1 INTRODUCTION

The health of the Barton Creek ecology has always been a concern of City of Austin
residents. This concern has resulted in several biclogical assessments undertaken by the
Drainage Utility and predecessor departments in the last five years. This section
summarizes a three year comprehensive study that examined biological tools for the
assessment of nonpoint source pollution in the Barton Creek Watershed (COA, 1996a). In
addition, assessments of Barton Springs and the Barton Springs salamander (Eurycea
sosorum) are provided. The current status of salamander surface populations, along with
vegetation and algae conditions in the pool are presented as ongoing studies. Additionally,
a brief overview of Barton Springs ecology, flora, and fauna provides context for the Barton

Springs data.

4.2 BIOASSESSMENT GRANT

The following is an overview of the comprehensive study by Environmental Resource
Management (ERM) staff assessing biological monitoring tools in the Barton and Onion
Creek watersheds. The full report is available at the ERM office and includes a detailed
description of the study methods and technical analysis of all project data. The
Bioassessment Project analyzed both Barton and Onion creeks, however, this review focuses
on those findings that pertain to Barton Creek or give context to Barton Creek’s biological

status.

4.21 Introduction

During the past decade, the City of Austin (COA) has implemented a series of studies to
document the relationship between increasing urbanization and the resulting impacts of
nonpoint source pollution on the chemical water quality of streams within the City’s
jurisdiction. The pilot project Bioassessment Strategies for Nonpoint Source Polluted Creeks was

designed to develop and evaluate biological monitoring techniques in Central Texas streams
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with varying levels of impairment due to nonpoint source pollution. During the past
decade biomonitoring techniques for streams and rivers have received widespread
acceptance from the US Environmental Protection Agency (USEPA) and state and local
agencies responsible for the monitoring and assessment of water quality within their
jurisdiction. This study provided a unique opportunity for the analysis of intermittent
streams using biomonitoring techniques which were developed in areas dominated by
perennial streams. The final report of the Bioassessment Grant was prepared in cooperation
with the Lower Colorado River Authority (LCRA) under the authorization of the Texas
Clean Rivers Act through a pilot project grant from the Texas Natural Resource

Conservation Commission (TNRCC).

The major goals of the study were to investigate and document current levels of physical
and biological impairment in two watersheds with varying degrees of land use
development, to correlate various biological community conditions with physical and
chemical indicators of nonpoint source pollution, and to develop effective long-term

monitoring and assessment techniques for the Central Texas region.

4.2.2 Methodology

Project staff reviewed methodologies for the assessment of water quality, habitat, physical
integrity, chlorophyll a, benthic macroinvertebrate communities, diatom communities, and
quantitative measures of algae cover. When necessary, existing protocols developed by the

TNRCC or EPA were modified based on data for the Central Texas Eco-region:

Following initial protocol development, project staff cataloged potential study sites by
identifying all of the stream riffle areas within the study reaches of Barton and Onion creeks
with appropriate habitat and substrate for benthic communities (Plate 5). After site
selection, water quality, habitat, and biological data were collected at Barton and Onion
Creek study sites on a quarterly basis. The intermittent nature of these Central Texas
streams proved to be a major challenge, not only for data collection and analysis, but also
for the identification of relationships between nonpoint source pollution and impairment to
biological communities. This is especially evident during periods of moderate to extreme

drought in Central Texas such as summer 1993 and the spring and summer 1996.
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4.2.3 Analysis and Conclusions

ERM staff used a wide variety of analysis techniques to interpret the data obtained by this
study. Univariate statistics describing the data sets were presented and evaluated for both
watersheds. Land use at several watershed and subwatershed scales was analyzed in
statistical comparisons to water quality and biological data. Site and creek comparisons
were made using multiple regression combined with principal components analysis to
explain variation in biological parameters using environmental variables. Multivariate
statistics were also used to search for an optimal model of chemical water quality using
benthic macroinvertebrates, diatoms, and field data. After examining the results from these

analyses, the principal conclusions of the study can be summarized as follows:

Water Quality:

e The overall chemistry in the two study creeks was quite different. Several significant
differences were found between the mean concentrations of water quality
parameters on Barton Creek and Onion Creek. Total dissolved solids, total
suspended solids, nitrate and nitrite-nitrogen, and total phosphorus were all
significantly higher in Onion Creek than in Barton Creek. Flow rate and pH were
significantly higher in Barton Creek than in Onion Creek.

* Consistent relationships were identified between land use and two important water
chemistry parameters - total dissolved solids and nitrate+nitrite nitrogen.
Nevertheless, the radical fluctuation in flow rates during this study emphasized
temporal variation in water chemistry concentrations and minimized the influence of

spatial, or land use differences between sites.

Both Barton and Onion creeks exhibited low levels of nutrients at upstream sites. The low
nutrient levels resulted in limited productivity and relatively low levels of biological
abundance and diversity at upstream sites. As the nutrient levels and flows increase at
downstream sites, abundance and richness increase also. This condition of low abundance

and diversity at upstream sites, observed by Ward and Stanford in their study of altitudinal
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zonation (Ward, J. V., 1983), is the opposite of the traditional model of ecological integrity,
in which it is assumed that unimpacted biological communities exhibit higher levels of
abundance and diversity than communities affected by natural and human-caused

disturbances.
Chlorophyll a:

e The chlorophyll 2 means were different between the land use groups on Barton Creek.
Sites with higher levels of residential housing and golf course land use in their
immediate icontributing watersheds had significantly higher chlorophyll 4 and
pheophytin values than sites with lower levels of each of these land uses nearby.
However, the relationship of chlorophyll 4 to baseflow water chemistry data were not
significant, suggesting that the measure of algal biomass through chlorophyll zis a
more sensitive indicator of nutrient enrichment from nonpoint source pollution than

routine water quality sampling of baseflow.
Benthic Macroinvertebrates:

¢ Benthic macroinvertebrate species richness and percent dominance of the most
dominant taxon, two bioassessment metrics recommended by the EPA, were not
significantly correlated to any measured water quality parameters. Although the EPT
index (Ephemeroptera/Plecoptera/Tricoptera index) was correlated to various
measured chemical constituents, this metric was not consistent between creeks. Similar
results were found with the Hilsenhoff Biotic Index (HBI) of pollution tolerance. The
EPT/EPT+Chironomidae index, though strongly related to flow rate at the time of
sampling, appeared to be the most closely related to water chemistry of all the metrics

assessed.

¢ Development in Barton Creek is still in the early stages, with current impervious cover
estimated at six percent in the study reach. Onion Creek, which is farther along in the
development process, has impervious cover estimates of 10 percent in the study reach.

The findings of this report suggest that the macroinvertebrate community is responding
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more dramatically to water quality variation in Onion than in Barton Creek. Creeks
with higher mean levels of water column nutrients than Barton may have a more
consistent response to chemistry by the macroinvertebrate community. In general, the
macroinvertebrate data from the Bioassessment Grant indicate that current levels of

biological impairment in Barton Creek are extremely low.

Although most lotic biological communities are subject to temporal variation, it appears
from project data that the streamn macroinvertebrates had a particularly strong response

to both season and flow, which overwhelmed all other documented variables.

Diatoms:

Overall, the diatom comrnunity metrics were better than the benthic macroinvertebrate
metrics at differentiating between variation in water chemistry and land use. Consistent
site level variation was more common in Onion Creek than in Barton Creek, suggesting
that there is a minimum level of chemical constituent concentrations beneath which

these metrics cannot effectively differentiate.

The relationship of the diatom community to nitrogen with respect to flow and season
suggests that diatoms are more closely tied to the water chemistry at the time of

sampling than are benthic macroinvertebrates.

The largest variation in the diatom samples occurred between the comrnunities on
Onion Creek and the communities on Barton Creek. The next level of variation when
both creeks were examined together was between sites within each creek. Both of these
variables, creek and site, are spatial, suggesting that diatom community structure is
strongly spatial. Strong and consistent spatial variation in a biological community is one

characteristic of a good biotic indicator of environmental effects, such as land use.

On both Barton and Onion creeks, diatom community changes were related distinctly to

watershed changes due to levels of development as indicated by land use breakdown.
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Temporal variation (season, flow):

¢ The intermittent nature of these streams makes it difficult to discern between
impairments due to physical perturbations (e.g., significant changes in flow and
temperature) and those resulting from human activity such as habitat alteration, or

increasing impervious cover and development in the watershed.

» Extended periods of flow are required for mature biological communities to develop at
the study sites. Study results indicated that during extended dry periods, biological
communitiés are unable to survive and such communities are lost as indicators of
cumulative effects. As surface flows return to the mainstem of the creeks, the substrate

is slowly recolonized by periphyton and benthic macroinvertebrates.

»  All relationships between biological communities and environmental parameters other
than flow found in this study are conservative estimates because of the extreme flow
variations during the project. Finding correlations in spite of the radically changing
flow environment suggests that these relationships would have been stronger during

more moderate flow years.

» For Barton Creek between Hwy 71 and Lost Creek Blvd., a comprehensive database
describing benthic macroinvertebrates and diatom communities has been established as
a result of this project. This information provides a baseline for comparison with

biological conditions which may develop in the future.

424 Recommendations

The conclusions above suggest ways in which the utility of bioassessment methods could be
improved in intermittent streams when nonpoint source pollution is the impact of interest.
Project analysis and results have pointed to several additional study and development

areas. These recommendations are summarized as follows:
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Biological sampling in the Austin area should continue, but should also take into
account the sampling and community structure issues set forth in the Bioassessment

study (COA-ERM/WRE 1996-01).

Development of an ecological model that accurately depicts the water chemistry and
aquatic community structure in the Central Texas ecoregion is recommended. An
ecological model for Central Texas must account for the low nutrient levels upstream
and increasing biological diversity and abundance downstream as nutrients and flow
increase. By developing an accurate model of benthic community development and
succession in these Central Texas streams, researchers will have the baseline information
necessary to discern between impairments due to natural changes and those that result

from human-caused activities.

Biological monitoring on a regular basis is necessary to document the recolonization and
development of the benthic biota. Long term monitoring over several cycles of

dewatering is recommended to provide meaningful data despite flow changes.

After looking at three scales of spatial analysis, it was determined that land useon a
watershed scale had the strongest relationship to water quality using multivariate
statistical methods of data condensation including principal components analysis.
Mitigation of human-caused influences on water chemistry requires the adoption of a

whole watershed management approach.

To retain the natural biological integrity of local creeks, flow regimes must retain their
natural cycles. Radical human-caused changes in the flow regimes of urban watersheds
will alter resident biological community structures. It is recommended that City
policymakers determine how best to regulate developed and, perhaps more importantly,

developing watersheds to minimize changes inflow patterns.

4.2.5 Additional Uses of Bioassessment Data

One of the advantages of having the well developed biological data base from the

bioassessment grant is its use as an assessment tool for the Drainage Utility Masterplan.
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One of these tools is the Environmental Integrity Index (EII). During three consecutive
years (1994, 1995, 1996), ERM staff conducted multi-faceted envirorunental surveys of
selected urban and non-urban watersheds in Austin, including Barton Creek. Multiple sites

in each watershed were sampled across a range of environmental quality indicators:

» Aquatic Life - Benthic macroinvertebrates, diatoms and habitat quality

» Water Quality - A suite of physical and chemical indicators

*  Sediment Quality - A chemical evaluation of deposited sediments

s Contact and Non-contact Recreation - Evaluations of the recreational value of Austin -
streams |

¢ Physical Integrity and Stream Stability - Assessing channel erosion and bank vegetation

Data from the last three years were indexed and evaluated in a comprehensive report which
will be available at the ERM office beginning in the summer of 1997. Barton Creek was used
as a reference because of its high scores among the subset of Austin watersheds evaluated in
the Drainage Utility Masterplan. The data and experience that resulted from the
bioassessment grant funded project were also invaluable in the formulation and

development of the EII.

43  BARTON SPRINGS SALAMANDER MONITORING

4.3.1 Introduction

On February 17th, 1994, the U.S. Fish and Wildlife Service (USFWS) proposed adding the
Barton Springs salamander (Eurycea sosorum) to the list of endangered and threatened
wildlife which receive federal protection under the Endangered Species Act. Named after
the “Save Our Springs” (SOS) citizen clean water referendum and described as a new
species of Eurycea by Drs. Chippendale, Price and Hillis in Herpetologica (June, 1993), this
salamander species, whose only known habitat is in the springs in Zilker Park, has been
very prominent in environmental and political issues in Austin for the last five years. This

species was listed as a federally protected endangered species on April 30, 1997, by the
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USFWS. In the listing of the salamander, included as Appendix I, the USFWS stated that
“the primary threats to the Barton Springs salamander are degradation of the quality and
quantity of water that feeds Barton Springs due to urban expansion over the Barton Springs
watershed” (Fed. Reg., 1997). In response to the federal listing, the City of Austin will apply
for a 10 (a) permit for the continued operation of Barton and adjacent springs, participate in
the USFWS Salamander Recovery Team, and review the efficacy of current City and State

watershed ordinances with respect to protection and long-term viability of the species.

In April 1994, the Austin City Council unanimously passed a resolution supporting the
USFWS in their proposed listing of the Barton Springs salamander as an endangered
species. In July of 1993, City of Austin, ERM staff biologists developed a cost effective
method to routinely monitor salamander, plant and invertebrate populations in Barton,
Eliza and Old Mill Springs. Monthly monitoring of the ecology and biota of the springs
provides vital information documenting the variability in population distributions and
ranges. Additional goals of the monthly surveys are to provide a long-term tracking
method to monitor effectiveness of habitat restoration efforts and non-toxic maintenance

procedures.

4.3.2 Description of Study

Barton Springs Pool lies in the Barton Creek channel approximately one kilometer upstream
of its confluence with Town Lake (Figure 4.1). The pool, Eliza and Old Mill springs are all
located within a 0.5 kilometer radius of the main spring discharge. These three locations are
where the Barton Springs Salamander has been observed and where monitoring has been
focused. A smaller, related spring known as Upper Barton Springs near the Barton Creek
channel 100 meters upstream of the pool, has only recently had a documented observation

of the Barton Springs salamander (Personal communications - D. Johns, 1997).

Although salamanders are routinely observed in both of the secondary springs, most City of
Austin efforts are concentrated in the center, spring-head }section of Barton Springs pool. Six
transects were established in this center section, extending to the edges of the salamander
habitat (Figure 4.2). Surveys are scheduled once each month and following natural and

unnatural disturbances (storms, spills, large cleaning events, etc.).
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Figure 4.1

Barton Springs Location and Contributing Watersheds

Onion Creek

-3

(4

24 Miles

Source: COA/DU GIS database



8¥C

Figure 4.2

Salamander Survey Area and Transects
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One observer, using SCUBA, traverses each transect, stopping every ten feet and searching
carefully inside of a one square meter area, documenting pertinent biota and substrate. For

each of these one square meter transect sites the following data are gathered:

Station Substrate Depth Biota
10, 20, 30, etc. .. | Bedrock, Cobble, (2dcmdiam)| 3, 15, efc....| 158l (], A), Crawhsh, Amphipod, Darter, efc. . .

The other observer surveys known habitat sections, or “hot spots” near major and minor
springs and fissures these additional salamander counts are added to the closest transect

site. Each staff member spends approximately 2.5 hours to survey all transects.

Eliza and Old Mill springs are contained by concrete or stone walls and are each
approximately 300 square feet in area. Both were surveyed quarterly by two staff members,
who tabulated total salamander observations and noted environmental conditions.
Recently, surveys at Eliza and Old Mill springs have been increased to monthly following
the documentation of salamander mortality during pool lowerings under low flow
conditions. These surveys take two observers approximately one hour at each site. All
available salamander data are carefully verified, tabulated , and stored in the Drainage

Utility database, and made available to the public.

In addition to monitoring the salamander surface population, ERM staff are involved with
the general ecology and habitat quality of Barton Springs. On a yearly basis, the vascular
vegetation in Barton Springs is reviewed and expanded by dissemination of ex_{sting stands
of plants in the pool and transplanting of local populations from Barton Creek and Town
Lake. The three most successful plant taxa in the pool are Sagittaria, Potamogeton, and

Ludwigia.

In conjunction with the salamander monitoring program, ERM staff have been closely
involved with Parks and Recreation Department (PARD) staff to assist with the
development and implementation of effective, non-toxi¢c maintenance procedures.
Sedimentation, slipperiness due to algae growth, and algae blooms have all been

maintenance issues since monitoring of the salamander began four years ago. Staff

249



members have initiated studies to research and develop maintenance practices that benefit

the salamander, the Citizens of Austin, and the pool staff (COA, 1996b).
4.3.3 Results

Salamander survevs:

From June 1993 to the present, monthly surveys of the Barton Springs pool salamander
population have been conducted according to the above methods. The total number of
salamanders counted during these surveys ranged from one to 45 in the main springs, with -
the highest counts in the Fall/Winter of 1995/1996 (October to February) and the lowest
between October of 1994 and June of 1995 (Figure 4.3). Current methodologies are unable to

estimate the subsurface populations.

Although the monthly counts have varied from one to 45 during this study, the distribution
and frequency of observation in certain areas are more predictable. Barton Springs pool has
numerous discharge points around the central section but only five or six that are notable
for higher flows and cobble and gravel substrate with a low degree of embeddness. Figure
4.4 shows the transects, hot spots and the total number of salamanders observed at each

point to date.

The depth most salamanders are observed varies from one to five meters, with the majority
of observations in the deep middle section of the pool, where the springs discharge. There
is no viable habitat upstream of the first transect, only flat bedrock and conérete surface
with no fissures. Downstream of transect 5b, cobble and gravel become embedded or
covered with silt and there are no notable spring discharges. Transect 6, downstream (not
shown), was part of initial surveys and continues to be spot-checked. No salamanders have
been observed downstream of transect 5b or upstream of Transect 1, but routine checks are

performed monthly to document the range of the current surface population.

Some of the variation in monthly survey totals appears to correlate to natural disturbances

in the pool. Large or particularly intense rain events cause flooding from Barton Creek to
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Figure 4.4

Salamander Distribution and Frequency of Observation
(Numbers indicate total salamanders counted to date at that location)

Source: COA/DU GIS database



top the dam and dump large quantities of sediment and debris in the deep section of Barton
Springs pool. The silt and debris cover salamander surface habitat, thus restricting

the area of the pool that can support salamander surface populations. Rain events that do
not flood the pool can cause the aquifer to discharge silt and sediment into Barton Springs
pool, again resulting in siltation and loss of salamander habitat, accompanied by changes in
the water quality of the spring discharges at Barton Springs. Figure 4.5 illustrates how
salamander counts decreased during the fall of 1994 and winter and spring of 1995 after
large storm events flooded the pool and increased turbidity. In the months of September,
October and December of 1994 and April, May and June of 1995, Barton Creek flooded
Barton Springé pool with stormwater. These effects are reflected in the salamander counts.
A comparison of salamander counts and average aquifer discharge in Barton Springs
showed no significant relationship (R*=0.06); however, a positive lag correlation is possible.
It appears that salamander populations may have a positive correlation to higher aquifer
flows but not until several months later. More data will need to be collected for further

temporal variation analysis.

In addition to the salamander survey data, the DUD staff have collected sediment samples
from Barton Springs and Barton Creek upstream of the springs. Sediments from upstream
of the springs contained PAH levels that were 2 to 22 times above the levels shown to have a
toxic effect on Hyallela azteca, one of the main constituents of the salamander prey base.
Sediments collected from Barton Springs in 1995 contained PAH levels 6.5 times above
levels shown to have a toxic effect on Hyallela azteca. These pollutants, along with
petroleum hydrocarbons and heavy metals pose a significant threat to salamanders and
their potential prey.

Quarterly surveys in Eliza and Old Mill Springs have shown a high degree of variability in
salamander population numbers. Water levels in both springs tend to fluctuate from a -
depth of 10 centimeters to 2.5 meters and will even dry up under lower aquifer flows when
Barton Springs pool is lowered for routine maintenance. Public access makes them more
susceptible to vandalism, littering, and tampering.  Salamander surface populations have
been found intermittently at both of these spring locations since surveys were initiated in

1993. Survey results have shown an increasing number of salamanders at Eliza Springs,
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with a regular survey high count of 72 salamanders on March 27, 1997. During low aquifer
flows in February of 1997, Eliza Springs became dry when Barton Springs pool was lowered
for cleaning. During one dry period, 188 salamanders were rescued at the bottom of the
empty pool. These salamanders were returned to Eliza Springs after the completion of the

major spring cleaning of the pool and the return of spring flow to Eliza Springs.

Revegetation:

Approximately once yearly, the standing crop of aquatic macrophytes in Barton Springs
Pool has been éugmented by DUD/ERM and PARD staff. Before the initial revegetation
project in June of 1993, the only existing plants were two Potamogeton stands on the north
side of the pool and one Sagittaria stand on the south side. All were about six feet in
diameter and covered less than one percent of the available pool channel bottom. This
includes only the area downstream of the main spring discharge where there is gravel and
silt that provides suitable habitat for aquatic macrophytes. The bedrock substrate above the
main springs is not viable habitat for root-bound plants. Although initial efforts had only
small success because of large flooding events in the winter of 1994, the most recent
revegetation combined with the established stands and a mild winter and spring have left
the plant status of the pool the best it has been in the last 10 years. This should be a

significant management tool in the maintenance of the salamander populations of the pool.

The large stands of Sagittaria are the most successful plants and are spreading rapidly. The
22 separate stands make up 75 percent of the aquatic macrophytes in the pool. Ludwigia,
with its bright red leaves, has spread well on its own. It comprises only five percent of the
plant coverage but has 16 separate plants throughout the deep end of the pool. The original
two stands of Potamogeton remain in good health while slowing expanding their range. They
make up 20 percent of the plants and need to be trimmed routinely from the surface to
remain out of the way of swimmers. The plant community now makes up 7 percent of the
available channel bottom, an improvement of 700 percent over plant coverage four years

ago when this collaboration between DUD and PARD began (Figure 4.6).
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Figure 4.6

Vegetation Status of Barton Springs Pool - August, 1996
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Algae:

In four years of Barton Springs Pool monitoring, there have been three significant algae
blooms. Comprised primarily of filamentous green algae, all occurred during optimal
environmental conditions for these opportunistic organisms (warm surface water, adequate
sunlight, and sufficient nutrients). The first and second blooms occurred in the spring of
1995 and 1996 and consisted mainly of attached filamentous Rhizoclonium which covered up
to 70 percent of the deep end of the pool. Efforts were made by DUD/ERM and PARD staff
to manually remove portions of the algae, but after several weeks the bloom naturally
subsided. Thé third bloom occurred in October 1995 and was made up mainly of
Hydrodictyon, a net-like alga that had not previously been documented in the pool. This alga
is unattached and floats in the middle of the water column. After several weeks of
propagation and increased coverage, the Hydrodictyon fell to the bottom when the weather
turned cold, forming thick layers throughout the entire deep section of Barton Springs.
PARD and DUD/ERM staff collaborated on an intensive effort to remove it manually using

SCUBA and hand nets in order to avoid the possibly deleterious effects of decomposition.

There have also been periodic colonizations of the blue-green alga Oscillatoria, which grows
in shiny dense sheets on the pool walls and the channel substrate. During the day, oxygen
produced by the photosynthetic alga causes algal mats to float to the surface. Atnight,
when photosynthesis ceases, the algal mats settle to the bottom and this cycle is repeated
until conditions change. Its proliferation is indicative of higher nutrients, and warm

temperatures, like many of the other algae.

Problems with algae growth in the shallow end of the pool have given rise to collaborative
solutions between DUD staff and PARD staff. The combination of blue-green algae and

diatom colonization makes the smooth bedrock and concrete in the shallow end extremely
slippery and a safety hazard. This algae growth was controlled with chlorine for many

years. This practice was halted after an application error in September 1992 caused a large
fish kill. Since then COA staff have been experimenting with non-toxic methods to control
the slipperiness in the shallow end, including high-pressure water blasters, heat, long term

exposure to sunlight, and large abrasive rotary brushes. Mounted on the front of a small
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tractor, this five-foot wide nylon brush rotates and scours the bedrock in the shallow end,
retarding the growth of the benthic algae that causes the slipperiness. This has been the
most successful method so far, but still requires heavy equipment, 14 man-hours per week
and periodic intensive drying since the brush does not completely halt the algae growth
process. It is a temporary solution to a natural environmental occurrence. The shallow
water, smooth bedrock and concrete, and warm conditions provide a perfect medium for
algal colonization. Attempting to control the algae growth for the safety of Barton Springs
patrons, while still protecting the ecological integrity and viability of the biological
resources in the pool, provides an on-going challenge for DUD and PARD staff and

management.

4.3.4 Conclusions

Surface populations of the Barton Springs salamander in Barton Springs pool have been
monitored monthly for 38 months. Total monthly counts, although variable, have not
increased above 45 individuals in the main springs. Considering the size and physical
limitation of this unique habitat, and the nature of salamander populations in general, this
population of Barton Springs salamanders is particularly subject to extinction in the event of

any extreme disturbance, be it natural or anthropogenic (Bowles, 1995).

It is extremely important to continue to monitor any and all ecological fluctuations that may
affect this species and its environment. Study data indicate that surface populations can be
reduced drastically due to natural trauma (storm events) and the recolonization process
may take as long as six to eight months. We have also documented the variability in the
number of salamanders in the secondary springs. The Barton Springs salamander is
responding to obvious environmental changes, but the more subtle chemical and physical
changes that affect this organism have yet to be determined. In conjunction with
monitoring, more work needs to be done on the salamander life history to determine how it
is interacting with its environment. During COA involvement in studies of the Barton
Springs salamander, specimens have been removed from Barton Springs and Old Mill
Springs and placed in refugia, one at the Dallas Aquarium, in Dallas, TX and the other at the

Midwest Science Center in Columbia, Missouri. Both have had some success with captive
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breeding but they are still in the initial stages of developing stable populations. The MSC
population has recently been moved to a new facility at the San Antonio Zoo. These
populations may provide a gene pool for eventual reintroduction should the wild
population be extirpated. Through more scientific study of the salamander, we will be able
to better understand the biotic and abiotic factors that determine the reproductive biology

and long-term viability of the species.

Barton Springs has seen different management and citizen interests since its first dam was
constructed, with some interests viewing it as a swimming pool that should be maintained
as such, others as a unique aquatic ecosystem that should be preserved for its biological
integrity. DUD and PARD staff have tried to find the common ground between these two
positions. The success of the plant communities in the pool is an example of this
collaboration. While the stands of Potamogeton, Sagittaria and Ludwigia provide excellent
aquatic habitat for life in the pool and represent conditions above and below Barton Springs,
they also anchor sediment and gravel, which reduces turbidity and stabilizes the beaches.
The end result is a more efficient, healthier system that can satisfy the needs of the

citizen/users and natural biota.

44  BARTON SPRINGS ECOLOGY

4.4.1 Introduction

At the eastern tip of the Barton Creek Watershed, the Barton Springs segment of the
Edwards Aquifer discharges into Barton Creek one kilometer before it enters Town Lake .
The large concrete pool constructed around the multiple spring head system in 1922 created
a unique mix of natural and controlled dynamics. While an average of 32 million gallons of
spring water flow into the pool every day from the aquifer, supporting a diverse population
of flora and fauna that is unique to this systern, the environment known as Barton Springs
can be impacted by natural storm events and routine pool maintenance practices (e.g., the
1992 fish kill due to chlorine application). Regular maintenance now includes: water
blasting, rotary brushing, firehosing, gravel dragging, and lowering and raising the water

surface by 1.5 meters.
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The main spring discharge points are in the central, deepest section of Barton Springs pool,
where the limestone ledges drop down to a depth of 5 meters, and the long fissures and
crevices direct spring flows out to the middle of the diving area. High velocity discharges
around the spring heads keep the bottom relatively free of debris and sediment when |
aquifer levels are at or above normal, providing an abundance of large cobble, gravel and
suitable habitat for the organisms that thrive here. Long-term isolation, constant water
supply and temperature and nutrient rich waters create an environment that encourages

development of diverse and unique populations.

The following list includes only those taxa that are common in Barton Springs, and those

that are of special interest.
Plants: (Vascular Macrophytes)

1) Pond Weed - (Potamogeton)
2) Water Primrose - (Ludwigia)
4) Arrowhead - (Sagittaria)

5) Spikerush - (Eleocharis)

Algae:

A. Floating/Unattached:
1) Hydrodictyon
2) Spirogyra
3) Mougeotia
B. Benthic/ Attached:
1) Vaucheria
2) Rhizoclonium
3) Chaetophora

4) Batrachospermum
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5) Oscillatoria
6) Bacillariophyceae - Diatoms

Moss:

1) Amblystegium riparium

Animals:

A. Invertebrates -

1) Amphipods - Hyallela azteca

2) Crawfish - Procamberis clarki

3) Mayflies (Ephemeroptera) - Stenonema sp.
Baet1s sp.
Hexagenia sp.

4) Caddisflies (Trichoptera) - Helicopsyche sp.

5) Damselflies (Odonata) -  Argia sp.
Hetaerina sp.

6) True Bugs (Hemiptera) -  Cryphocricus sp.

7) Snails - Physidae, Planorbidae

8) Planaria - Dugesia

9) Leeches - Hirudinea

B. Salamanders

1) Barton Springs Salamander - Eurycea sosorum

C. Turtles:
1. Red Ear Slider - Trachemys scripta
2. Snapper - Chelydera serpentina

3. Texas Cooter - Pseudemys texana
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D. Fresh Water Eel(s) - Anguilla rostrata (Observed from 10/95 to present)

E. Fish:
1) Mexican Tetra - Astyanax mexicanus
2) Central Stoneroller - Campostoma anomalum
3) Red Shiner - Cyprinella lutrensis
4) Gray Redhorse (sucker) - Moxostoma congestum
5) Channel Catfish - Ictalurus punctatus
6) Flathead Catfish - Pylodictus olivaris
7) Blackstripe Topminnow - Fundulus notatus
8) Mosquito Fish - Gambusia affinis
9) Texas Log Perch - Percina carbonaria
10) Redbreast Sunfish - Lepomis auritus
11) Green Sunfish - Lepomis cyanellus
12) Bluegill Sunfish - Lepomis macrochirus
13) Longear Sunfish - Lepomis megalotis
14) Spotted Sunfish - Lepomis punctulatus
15) Spotted Bass - Micropterus punctulatus
16) Largemouth Bass - Micropterus salmoides
17) Guadalupe Bass - Micropterus treculi
18) Green Throat Darter - Etheostoma lepidum

4.4.2 Discussion

Although these springs discharge what appears to be an endless supply of fresh clean water,
the reality of water issues in Central Texas indicate the potential for degradation due to
increased demand and development of the contributing watersheds. The quantity and
quality of the water of Barton Springs is directly dépendent on the health of streams that
feed the Edwards Aquifer. Increased runoff from urbanized areas, along with agricultural
and human use via well withdrawal, toxic spills, and the cumulative effects of urbanization

all can have potentially devastating effects on the health of the Springs.
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When heavy rains fall in the watersheds west of Austin they wash whatever happens to be
on the ground into the creeks that eventually flow into the Recharge Zone of Barton Springs.
This runoff can transport into the aquifer everything from agricultural pesticides, lawn
fertilizers, and bacteria to raw soil that has been exposed at construction sites. In addition,
as development increases so does the amount of impervious cover (concrete, roofs, asphalt,
etc.). More impervious cover causes water to run off faster and in greater quantities, since
the water has no opportunity to filter into the ground and has no natural vegetation or
obstacles in its path. Intense runoff or recharge events (storms) carry large quantities of
storm water into the aquifer, and this runoff can rapidly move through the aquifer to the

main discharge point at Barton Springs.

Sediment is also an important environmental factor in the pool. Some particulate matter
(from either mineral or plant/animal sources) enters the pool from the aquifer through the
springs; other sediment is washed over the dam during floods; and some detritus or
particulate matter is generated during the routine cleaning process in the shallow end of the
pool. All this fine matter tends to collect in areas of the pool where flow is slow or
obstructions cause an eddy or a backwater. Buildup of fine sediments can cause problems
with oxygen transport when the embeddedness of the substrate is so dense that the
sediment layers are essentially impermeable to oxygen. The embeddedness causes black
anoxic layers to form below the surface sediments. The lack of oxygen effectively kills most
biology (with the exception of chemotrophs and lithotrophs) in or below these layers. Loss
of protective habitat can also result from sediment buildup. The biota of the springs that
inhabit the interstitial spaces between the cobble and gravel substrates are exclﬁded from
areas that are filled in by fine particulate matter. The loss of appropriate habitat makes
these species unnaturally vulnerable to predators and alters the ecological balance of the

pool.

During the past two decades, daily observers of Barton Springs have witnessed the decline
and loss of aquatic macrophytes in the deep end of the pool, pool closings due to high levels
of bacteria, algae blooms, and periods of poor visibility due to high levels of suspended
solids discharging from the aquifer. Most recently, Barton Creek has been designated as

non-supportive for the designated use of contact recreation due to high levels of fecal
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coliform bacteria concentrations over its entire length (TNRCC 305b Report, 1996) by the
Texas Natural Resource Conservation Commission and the Barton Springs salamander has
been listed as a federally protected endangered species by the US Department of the Interior
(Fed. Reg. Vol. 62, No. 83, PP. 23377-23392). All of these events are indicative of the
degradation of the ecological integrity and water quality in the contributing and Recharge

Zones for the Barton Springs segment of the Edwards Aquifer.

In response to documented and anticipated changes to the integrity of the Barton Springs
segment of the Edwards Aquifer, the City of Austin has actively pursued biological
monitoring projects that provide valuable baseline data and long-term, cost-effective
assessment tools. The grant funded Bioassessment Pilot Project (1993-1996) for Barton and
Onion creeks provides detailed information concerning the fauna, habitat, and physical
integrity of the two streams that contribute up to 75% of the recharge to Barton Springs. In
addition, the Pilot Project evaluated the effectiveness of nationally accepted methods of
biological monitoring and recommended protocols and methods for sampling and analysis
that are appropriate for the Central Texas Hill Country ecoregion. This project provides not
only the baseline biological data for future reference and comparison, but also a model for

future monitoring projects.

Concurrent with the Bioassessment Pilot Project, the City of Austin developed and
implemented protocols for the monthly monitoring of surface populations of the Barton
Springs salamander and their springs habitat. Once again, these data have provided a
wealth of biological information concerning the range, distribution, and population
dynamics of the surface population, along with assessments of the general biota and habitat.
The detail of these data is in sharp contrast to previous studies that provide only anecdotal
accounts of salamander distributions and ranges, aquatic macrophytes, and available
habitat. As development increases in the Recharge and Contributing Zones of the aquifer,
the biological monitoring protocols and tools are in place to assess and evaluate the impacts
of changing watershed and water quality condiﬁoné, as well as to provide necessary

information for watershed managers and policymakers.
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5.0 MODEL AND MASTERPLAN SUMMARIES

5.1 INTRODUCTION

The first of the two modeling studies focused on surface water hydrology and water quality
in Barton Creek. This project was initiated by the adoption of the City Manager Barton
Creek Policy Definition Report in 1988 and subsequent funding by Council in 1990. The
majority of théy work on this model was completed by ERM staff and the UT Center for
Research in Water Resources (CRWR). However, contributions were made in the early
stages of the project through a consultant Technical Assistance contract with Espey, Huston,
and Associates including sub-contract agreements with CRWR, Tom Loomis and Associates,
and Dr. Loren Ross. The results of this effort are documented in the Barton Creek Surface
Water Modeling Study ( COA 1997 Draft). However, a brief summary of the project

including pertinent conclusions and recommendations is provided herein.

The second modeling study, focusing on modeling the hydrology and water quality of the
BSEA was initiated by City Council in 1994 through an interlocal agreement with CRWR.
The need for this project was defined during work on the surface water model due to the
absence of an adequate routine in the selected public domain surface water model which
could be used to simulate movement of water and transport of pollutants in a Karst aquifer
interacting with a recharging creek. The results of this project are documented in CRWR
Technical Report 269 - A Parsimonious Model for Simulation of Flow and Transport in a
Karst Aquifer, November 1996 (Barrett, 1996). As with the surface water model, a brief

summary of the project, conclusions, and recommendations are provided herein.

The Barton Springs Contributing Zone Retrofit Masterplan Study was conducted through a
consultant contract with Santos, Loomis and Associates and subcontractors. The study
examined opportunities for improving water quality in contributing watersheds to the
Barton Springs Segment of the Edwards Aquifer (Barton Springs Zone - BSZ). The

contractors performed a review of water quality conditions in the BSZ and provided an
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assessment of current pollutant loading sources including urban runoff, channel erosion in
general terms, septic systems, effluent irrigation, and rangeland. The study also provided
an analysis of structural and non-structural retrofit strategies in water quality improvement.

Proposed sites and cost estimates for retrofit implementation were also provided.

5.2 BARTON SPRINGS SURFACE WATER MODEL

Several modeling tools were proposed for investigating the effects of land use changes on
water quality, and this report describes the efforts towards application of a predictive model
for water quantity and quality in Barton Creek. The general purpose of the modeling effort
was to develop a tool capable of explicit representation of the physical processes governing
water quantity and quality in the Barton Creek Watershed. The focus of this modeling effort
was the application of the industry standard public domain Stormwater Management
Model (SWMM) to the Barton Creek Watershed. Due to SWMM ground water routine

limitations, only the portion of the watershed above the Recharge Zone was simulated.

Ideally, the results from the SWMM were to be used as simulation input to the ground
water model in order to predict the impact to Barton Springs discharge water quality under
a variety of land use scenarios. Due to the complexity of the system modeled and the
limitations of the available model formulations, water quality was not predicted well. A
statistical formulation did allow simulation of historical conditions. Water quantity,
however, may be simulated well enough by SWMM to provide a basis for input scenarios to
the ground water model using land use based mean concentrations from the COA Storm
Water Monitoring Program. This use of the model is under investigation in association with

the Drainage Utility City-wide Masterplan

5.2.1 Data Analysis Supporting Surface Water Quality Modeling Efforts

One of the major contributions of the surface water model study was the analysis of data
from both the USGS stations located in the watershed and that provided by the City of

Austin Storm Water Monitoring Program (Plate 6). A significant amount of information
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was provided on hydrology and water quality in Barton Creek from the summary of these
data.

r
In the analysis of USGS discharge gaging station data, flows in Barton Creek were separated
into baseflow volumes and direct runoff volumes. Above the Recharge Zone, more than
three-quarters of the flow volume was baseflow (L.oomis, 1995). This fraction decrease over
the Recharge Zone as flows contributed to aquifer recharge. On the basis of baseflow
volume differences between the Lost Creek and Loop 360 gaging stations, it is estimated
that for Lost Creek flows of less than 20 to 30 cfs, all of the flow is lost to recharge. The
recharge rate rernains constant at about 30 cfs for channel discharges ranging from 30 to 130
cfs. For channel flows at Lost Creek in excess of 130 cfs, the recharge rate is about 23 percent
of the Lost Creek discharge. All of these estimates include only the recharge occurring

between these two stations.

Stormwater quality from individual rainfall events is quite variable from storm to storm,
through time for a given event, from one constituent to another, and from one site to
another. The USGS/City of Austin joint monitoring program provides data for evaluating
water quality along the mainstem of Barton Creek. Available water quality data for three
stations along Barton Creek were analyzed and are presented in summary formin Table 5.1.
Mean values for most of the constituents are higher during storm flow conditions than for
baseflow conditions. TSS, which is one of the most widely used indicators of stormwater
impacts, has an average concentration which is an order of magnitude larger under storm
flow conditions when compared with baseflow conditions. Both the storm flow mean TSS
concentration and its variability increase for downstream stations along the Creek. The
storm flow mean TSS concentration at Loop 360 is more than double that at Highway 71 and
Lost Creek stations, possibly reflecting the impacts of land use changes in the lower portions

of the watershed.

Stormflow and baseflow data from the USGS stations was evaluated prior to use in model
calibrations. Of the water quality constituents which are correlated with discharge rate in
stormflow data, all except total lead (TPb) have average concentrations which are greater at

Loop 360 than at the other monitoring stations. One explanation of these increases is the
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Table 5.1
Barton Creek Water Quality Summary Statistics

- SRS TOW CORDTONS
Consttient Hwy 71 (08155200) Tost Creck Biva. (0B155240) Toop 560 (U155300)
Coun _ Period gf Record  Mean  Sud.Dev.] Coum PevodofRecor Mean  Sid.Dev.] Coum Periodof Recod Mean  Sid. Dev.
Flow (cfs) 69 WmIE 35 8 ] 300 CoEeIsss ™ 166 |0 1o1ases 61 ¢ 10
TS5 (mpl) 68 19781996 4 7 2% 1981995 . 4 4 27 19791995 4 5
Dis. TDS (mg/L) 35 eI 257 30 19 1988195 396 20 | 19 iswoes3 . 282 %2
BODS (mg/L) 68 19731996 055 040 | 30 19891996 048 032 | 27 19791995 046 032
TOC (ingiLy 26 1s781996 293 229 | 9934996 263 130 | 3 19941995 463 33
F:s,m 60 o1 15 s | o 19851996 126 289 | 27 197911995 387 1762
FecalStrep(col100mi) - 69 19781996 3417 11580 | 31 19881996 243 499 | 27 19790995 336 1048
TP (mgl) 0 emsas ol em | 1981996 003 o008 | 27 9mmaes  oor  oor
NO3/ZN (sighL) 51 wmass o2 0az | s 9881996 008 o016 | 15 1o7e199s 01 014
NH3:N (mg/L) 35 aoTRies 002 00 | 15 . 19Beuwm o2 00 | 2 1919 oo 0%
TRN (mglL) 69 197199 035 0I5 | 30 19881996 024 008 | 27 19794995  044. 08I
Dis.Copperagl) | 3¢ 1978199 671 458 | 18 is8sasse 900 291 | 16 19791993 506 458
Dis. Fron (ugll) 34 197ags 800 8st ] 18 9891998 533 305 | 18 197.1993 i1 22
Dis, Lead (ughh) 34 - 197%1994 732 - 8538 J. 19 CI9B9996 . 932 383 17 . 19701983 S8 add
Tot Lead (ugll) 47 9Las 243 635 | m 911995 132 o | 10 iomases 10 oxm
Dis. Zinc (ug/L) 3 9Ties 726 981 | 18 19Es.assd 7m 1& ] 17 1975.1993 1788 5247
ORI OGRS -
Constitseas Yiwy J1 (0%135300) Lost Creek Blvd. (081 55240) Loop 360 (D8155300)
Count  Period of Record  Mean  Sud. Dev.] Coum  Period of Record . Mean Stsl'; Dev.d Coumt - Period of Record  Mean.  Std. Dev.
Flow {cfs) 71 wsases 128 232 | & 19891995 1203 2379 | 143 19814995 1745 2646
TSS (L & wmass oz 3w | oM o89:09095 23 305 |oama. omises T sis e
Dis. TDS (mglL) 8 w1995 1 &2 6 199905 ws s ] a 19791995 184 . 61
BODS (m/L) 68 19781995 342 323 | 73 19941995 305 366 | 123 1971095 353 299
TOC (mgit) 34 19931995 955 1000 § 3¢ 1981995 810 922 | 27 1osaises 1249 771
F::/fm o6 19781995  iss0 18766 ] T 19081095 o978 maza | 116 isrerses 19495 20366
Fecl Swep (eol100mi)] 66 19781095 2mes  3oso ] 7w . 19891995 I7as1 issm ] me . 1oTeq99s. 26386 25066
TP (rglL) 67 171985 008 009 | ™ 19891995 o1f 016 | 131 197195 015 ol7
NOIZNGgL) | 60 wmases 017 o | 74 9891995 oz ol | 131 19mases 033 ox
NH3-N (mg/L) 7 w005 006 | 3 891995 005 005 | 97 1gees’ 007 08
TKN (mglL) 67 971995 077 064 | M 19891995 067 072 | 133 19791995 126 158
Dis. Copper(agl) | 6 19781995 400 469 | 6 1981995 50 433 | 41 1979:1995 395 431
Dis. Iron (¢glL) 6 wE199s w67 20 | 6 19891995 4z 108t | 41 1979:1995 2444 2534
Dis. Lead (ug/L) 6 71995 eso - 7a7 |6 19801995 550 493 | @ 1979.1995 383 378
Tot Lead (ug/L) 60 19781995 . 1128 . 265 | 63 1901985 529 583 | s 1979.1995 833 - 868
Dis. Zinc (ug/L) 6 19781905 533 28 | 6 19891995 73 56l | a 19791995 1007 1081

Source: UUSGS Data used in Barton Creek Surface Water Model Report ( COA 1997 Draft)
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greater amount of impervious cover at the lower end of the Barton Creek Watershed. In
addition, BOD,, TOC, FCOL, FSTR, and total nitrogen have average concentrations which
are one to two orders of magnitude larger during direct runoff conditions. Further, the
mean TOC concentration at Loop 360 more than doubles that at Highway 71 and Lost Creek
under storm flow conditions. The average TDS concentration is larger for baseflow than for
storm flow conditions at all three stations, with greatest concentrations at the Lost Creek
station. Correlation analysis shows that TSS, BOD,, TOC, TKN, FCOL, FSTR, TP and TPB all
increase with flowrate in stormflow conditions, while only NO,+NQ, is inversely related to
flowrate in storm flow conditions. The other water quality parameters are insignificantly
correlated to the runoff magnitude. Inbaseflow data, only NO,+NO, - N was correlated
inversely to flow rate. Details of the data analyses used in support of the surface water

model effort are presented in a separate document (City of Austin, 1997).

5.2.2 SWMM Model Application

The EPA SWMM was identified as having the greatest flexibility and potential for
application as a stormwater quantity and quality simulation tool for the large and complex
Barton Creek Watershed. In application of the SWMM model to the Barton Creek
Watershed, only four of the simulation model blocks were utilized: the runoff, transport,
statistics, and rain blocks. The Green and Ampt infiltration model was used, but it was
found that the overall performance of the model was not very sensitive to this choice. The
subsurface flow system was modeled as a linear reservoir. Flow rate from the saturated
ground water zone to the stream channel was based on head differences between the

aquifer and channel bottom.

The Hydrolog Software package which was developed as part of this project is a system for
hydrologic and stormwater quality analyses. This package simplifies the many analyses
which were required to calibrate watershed models such as SWMM, and provided a set of

tools for analysis of stormwater runoff data.

Extensive rainfall and streamflow data were available through the City of Austin and the
USGS monitoring programs. These data cover single land use watersheds and the Barton

Creek Watershed at three stations. Because rainfall is not uniform over large areas, there
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was always uncertainty as to how the recorded rainfall reflects watershed average values.
Correlation analysis suggested that available records were adequate for most conditions,
even over the upper reaches of the Barton Creek Watershed for most of the year. Summer
months did not calibrate as well due to typically localized rainfall patterns. This limits the
available time periods for long term validation using SWMM or any other watershed
simulation. Rainfall distribution and quality of rainfall data from FEWS stations posed a

major calibration problem with Jarge scale watershed modeling of Barton Creek.

Variables and parameters used for modeling flow in the Barton Creek Watershed were
primarily phyéically based. Most parameters were estimated before the calibration process
begins through physical equations and measured parameters. In some respects, this
simplified calibration because there were fewer model parameters to adjust in order to
obtain a better fit to the observed data. The only parameters which were modified for the
Barton Creek calibrations were the effective watershed width and the baseflow intensity
parameter. In addition, these were modified for all watersheds uniformly so that their
values were not changed for each subcatchment independently. The single land use
watersheds did not have a subsurface flow component, so many of the flow parameters in
the single land use watershed model were not used. Fewer subcatchments and parameters
to consider were also present in the single land use watershed models, and the effective

watershed width remained a sensitive variable.

Applications showed that the SWMM model can be adequately calibrated for representation
of the hydrology of a single land use site and for the Barton Creek Watershed (above the
Recharge Zone). Both single event and long-term periods can be simulated. The existing
SWMM formulation is not able to simulate water loss from the Creek over the Recharge

Zone, so the model cannot be used to simulate flow quantity at the Loop 360 station.

Simulating stormwater quality proved to be more difficult than that of simulating
stormwater quantity. The buildup model used in SWMM did not give results consistent
with observed data. In addition, no other public domain model was identified which could
adequately replace those available within SWMM. Therefore, the model, if applied to a

single land use watershed, or any more complex watershed, would not be represent the
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available constituent load (buildup) at the beginning of a runoff event. Thus the washoff
load and concentrations also remain uncertain. However, if the buildup could be predicted,
the washoff model based on total storm runoff appeared to adequately represent the

monitoring data.

For large storm events, much of the sediment load in Barton Creek was determined to be
derived from erosion of the channel, rather than from watershed surface stormwater runoff.

The potential load from erosion increased for locations further down the watershed.

The overall conclusion from the investigation of the single land use data is that a model

does not exist that can adequately predict the accumulated stormwater load on a watershed
at the beginning of a runoff event, nor the initial constituent concentration. The model does
do a better job of representing the washoff processes. Thus, SWMM may be a useful model

for simulating single storm events, but not a continuous series of events.

5.2.3 Statistical Model Application

Statistical regression analysis provided empirical models for prediction of water quality in
Barton Creek as a function of location, season, time period (construction), existing flow
conditions, and antecedent flow conditions. Compared to the baseflow model, the models

for storm flow conditions have greater predictive power.

Application of the statistical regression water quality model with a measured or simulated
discharge hydrograph will provide useful estimates for Barton Creek water quality at the
three monitoring stations. But it is difficuit to extrapolate the model form to address
questions associated with impacts of land use changes on water quality. For the most part,
baseflow water quality concentrations were not found to be impacted by construction
activities in the Austin area during the period of 1983 - 1986. On the other hand, during
storm flow conditions, the water quality concentrations in Austin area creeks showed an
increase during this period of active construction. In particular, the average TSS

concentration increased by 550 mg/L.
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A substantial amount of variability remains in the storm and baseflow water quality data
after statistically accounting for flow rate, site, season changes, and prior flow rates.

Additional research might provide further insight into the source of this variability.

5.2.4 Conclusions

The following conclusions derived from a variety of data analyses and simulations are

provided in summary of the Surface Water Modeling project:

e From literature review and recent applications, SWMM and HSPF (Hydrological
Simulation Program - Fortran) are the most generally applicable detailed public domain

models for simulation of stormwater quantity and quality for single and multiple events.

e Application of SWMM to single land use watersheds was successful for estimation of

both quantity and stormwater quality loads for single event simulations.

¢ Single land use water quality data appears to follow the theoretical washoff process
(used by most Non-Point Source water quality models) for certain constituents |
including TSS. However, prediction of initial concentrations through a constituent
buildup process is not supported by the empirical data. Further, for certain constituents,
the concentrations are greater on the rising limb of the hydrograph than on the falling
limb, and a functional relationship between flow and concentration is not applicable.
Therefore, simulation of multiple events on single land use watersheds cannot be

performed.

e Deterministic models such as the buildup /washoff relationships lack the capability of
predicting multiple-event (consecutive) pollutographs in the single land use data set
developed by the COA Storm Water Monitoring Program.

e Prediction of total annual loads using buildup and washoff with calibration may be

possible. However, equivalent methods are available for planning levels of analysis

which are less labor intensive than application of SWMM modeling. The planning level
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loading model will allow prediction of cumulative loads from developed areas as a

function of land use and impervious cover changes.

The COA/USGS stormwater monitoring program is one of the most intensive in the
country in terms of the number of locations monitored and samples taken. For events
on single land use watersheds, there are a large number of events with sufficient data to
adequately characterize the pollutograph for calibration purposes. However, despite the
extensive database contributed to this study, the stormwater monitoring program on
Barton Creek has provided only a small number of storms with sufficient data for

characterization of the consecutive pollutographs for model calibration purposes.

The SWMM model was developed with sufficient flexibility to represent many
important features in the hydrologic cycle. However, channel losses such as occur over

the Recharge Zone of the Edwards aquifer were not represented in a realistic fashion.

For the Barton Creek Watershed above the Recharge Zone, the SWMM model was
adequately calibrated to simulate observed creek flows over periods of short duration
and was partially calibrated to simulate flows over periods of long duration. Significant

anomalies exist in the flow gage data, making long duration calibrations problematic.

Stormwater quality was evaluated through measured TSS concentrations. Given the
single land use monitoring data, watershed derived TSS load from each subcatchment of
the Barton Creek Watershed was estimated, and thus the expected loads at the
monitoring stations along the Creek were estimated. However, the observed TSS loads

greatly exceeded the estimated loads because of channel derived TSS.

While there are few records with sufficient data to characterize the stormwater quality
pollutograph for Barton Creek for SWMM calibration, there are sufficient data to apply
statistical regression techniques to develop a statistical model for simulating historical
stormwater quality. Therefore, a statistical model was developed with some limited
predictive capabilities for stormwater quality in Barton Creek under existing land use

conditions.



¢ Pollutographs from single land use stormwater quality monitoring were analyzed in
terms of buildup and washoff models. Washoff data were used to develop predictive
models for the washoff pollutograph for certain constituents including TSS. This model
met with limited success when compared with empirical data because the initial

concentrations remained uncertain.

» From the data provided by the ERM stormwater quality monitoring program,
stormwater pollutant loads were more sensitive to changes in stormwater quantity than
concentration. Thus, land use changes that increased stormwater quantity (runoff) are

especially significant in increasing constituent loads.

5.2.5 Recommendations

The following recommendations are provided in summary from the Barton Creek Surface
Water Model Study in the areas of model applications, regulatory and development review,

data collection, and further research:

5.2.5.1 Model Applications

e Using the developed model framework, the Barton Creek SWMM Model can accurately
predict flow quantities above the Recharge Zone. Therefore, the calibrated :model can be
used to develop flow inputs to the Barton Springs/Edwards Aquifer ground water
model developed under a contract between the City of Austin and CRWR. The
calibrated SWMM model can be used to predict changes in baseflow and direct runoff
quantities in Barton Creek resulting from changes in impervious cover for various
development and regulatory scenarios. This will allow the prediction of urban

development effects on water levels in the aquifer and discharge rates at Barton Springs.

» Analysis of water quality data demonstrated the relative importance of channel derived

load. Much of the concern about the viability of the Barton Springs salamander is
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centered on the effects of increased suspended solids loads in the Creek and Springs.
Approximately 50 percent of the suspended solids load in the lower segments of the

Creek is estimated to originate from bank erosion.

e The Barton Creek Model could be used to predict the changes in flow rates which will
accompany increased urban development in the watershed. The model can, with some
modifications, be used to assess the effects of various BMP’s on flow rates during runoff

events.

e Through this modeling effort ERM has developed a familiarity with the operation,
capabilities and limitations of SWMM. Because all of the available models have unique
limitations and capabilities, it is recommended that the City support the use of SWMM
in the Barton Creek Watershed due to its familiarity and flexibility. The recommended
uses of SWMM include the evaluation of various BMP’s using the storage/treatment
block in addition to the four blocks used in this study. The storage/treatment block
simulates the effect upon flow quantity and quality of capture and residence processes
occurring in structural water quality or quantity control devices. SWMM should also be
used to provide guidance in site selection and planning for single land use flow

monitoring.

5.2.5.2 Regulatory and Development Review

e (ity of Austin flood control regulations should be revised to account for Barton Creek to
pollutant loading due to channel scour, as documented in this study. Current
regulations, which are based on limiting the peak discharge to predevelopment
conditions, may have unintended consequences on flow rates in creeks downstream of
discharge points. Depending on the relative position of the site and other factors,
stormwater detention facilities constructed to City standards may increase storm flow
rates in the main creek channel downstream of the site compared to developed
conditions with no controls in place. The Barton Creek Model should be used to
evaluate the effectiveness of current regulations and predict the impacts of proposed

changes to these rules.
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Infiltration practices should be promoted as an effective water quality BMP based on the
following conclusions:

0 Analysis of data from single land use watersheds indicate that the amount of
impervious cover has a greater impact on stormmwater loads than land use
classification.

0 Peak flows and sustained velocities have a dominant impact on water quality
due to channel scour and bank erosion.

0 The recreational uses of Barton Creek are dependent on the maintenance of a
healthy baseflow.

0 Prdmoting baseflow in Barton Creek will help maintain the quality of water
recharged to the BSEA. '

Therefore, promoting infiltration practices through the City’s water quality control

standards is recommended to reduce runoff entering the channel, decrease channel scour

and water quality impacts, and assure that baseflow quantity will not be reduced.

5.2.5.3 Data Collection

To address the potential problems associated with channel derived suspended solids the
City should implement a monitoring program to document current rates of bank
erosion and channel scour. Additional empirical data including critical stream velocity

producing erosion will be necessary for the design of stormwater controls system.

The accuracy of the Barton Créek Model is limited by a lack of accurate knowledge of
rainfall distribution and evaporation rates. Continuously recording rain gages should
be installed upstream of Highway 71 near the border of the City’s ET]J to better
document rainfall rates and volumes. The City should install a pan evaporation

monitoring site to provide a backup source of data to the National Weather Service.

A continuous flow gauge should be installed just upstream of Barton Springs Pool. The
gage design should insure accurate measurement of recharge volumes including ground
water discharge from the Edwards Aquifer to Barton Creek during periods of high

water levels in the aquifer. In addition, the gauge should provide a station for water
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quality measurements downstream of all development. Data from this site will be
needed for model calibration if SWMM is modified to include channel losses and

ground water recharge.

To better understand the processes controlling water quality in Barton Creek, the
frequency of sampling should be increased during storm events. In addition, the
duration of sampling should define the transition from direct runoff to baseflow water
quality. An automated station similar to that used in the City of Austin Storm Water
Monitoring Program should be maintained in Barton Creek to obtain this high
resolution data at the least cost to the City. Additionally, the FEWS gages in the
watershed with depth monitoring capabilities should be converted to flow rate
monitoring by developing accurate rating curves. This will allow the transition to

baseflow to be characterized in greater detail.

ERM monitoring of rainfall water quality should be expanded to document the possible
differences between urban and rural rainfall quality. This monitoring will help establish
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