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4.2.3 Trace A' 

, ," For trace A', an aqditional injection was conducted at Site A on Barton Creek in order to 

replicate the Phase I trace under high aquifer conditions. Injection at Site A was 

performed on August 5, 1997 at 3:20 pm. Injection occurred as flow in Barton Creek was 

retreating upstream. Flooding had scoured out much sediment and gravel in the sinkhole 

since Phase I, revealing several large rock boulders. The sinkhole contained 

approximately 25,000 gallons of residual water at the time of injection. No water was 

flowing into or out of the feature during injection and the water level in the sinkhole was 

dropping approximately one inch per hour. Five pounds of eosine mixture (Tracer A') 

were thoroughly mixed with creek water onsite, allowed to dissolve in buckets for several 

hours, and poured directly into the sinkhole and where it recharged into the base of the 

sinkhole. The sinkhole was completely dry when visited the next day. 

Following injection, the tracer again traveled to Cold Springs, this time requiring less 

than 19 hours to travel the 3.2 miles (as opposed to five days during drought conditions). 

Figure 4.9 shows the breakthrough curve for the arrival of Tracer A' at Cold Springs. The 

resurgence of tracer was visually observed on August 6, 1997. This was the only one of 

the four injection points that was traced during both high and low aquifer conditions. No 

tracing has yet been performed in the lower two-thirds of the recharge zone portion of 

Barton Creek. 
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5.0 DISCUSSION 

Interpretation of results of Phases I and II of the Barton Springs segment tracer study is 

continuing. Many complicating factors can affect the movement of tracers through the 

aquifer, therefore, interpretations of the results require caution. These factors include 

aquifer water levels, recharge rates, antecedent moisture conditions, injection locations, 

and local transmissive capacity of the aquifer. Some replication of traces is anticipated to 

examine possible changes under different aquifer-flow conditions. Traces are also 

necessary at other locations on Barton, Williamson and other major creeks. However, the 

results to date have provided new insights into the movement of water through the 

aquifer. It has also been established that careful use of tracers is an effective tool in 

helping characterize groundwater movement in the Barton Springs segment of the 

Edwards Aquifer. 

The measured travel rates of the tracers were remarkably rapid for groundwater flow and 

changed significantly between high and low aquifer flow conditions. Under low flow 

conditions during Phase I when Barton Springs flow was less than 20 cfs, tracers from 

Injection Points A and B traveled about three miles in five days (about 0.6 miles per day). 

Under high flow conditions (when Barton Springs flow was more than 100 cfs), Tracer A' 

injected at the same injection point arrived at the same spring in less than 19 hours (about 

four miles per day). Also during high aquifer flow conditions, Tracer C arrived at Barton 

Springs, which is 4.5 miles straight-line distance away, in fewer than 30 hours. The 

travel rate of Tracer C was at least four miles per day during high flow conditions. 
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These results indicate that under high flow conditions, recharging waters in either Barton 

or Williamson creeks can reach discharge points in approximately one day. Note the 

distances traveled by the tracers may be more circuitous than the straight-line distance 

between the injection and recovered locations. These rapid travel rates were similar to 

estimates based on changes in water quality at Barton Springs following rain events. 

Changes in specific conductance, turbidity, temperature, and bacteria at Barton Springs 

suggested an average initial arrival of a large volume of recently recharged water occurs 

as soon as six hours, but averages about 14 hours after major rain events (City of Austin, 

1997). Future traces may help show the variation in groundwater movement from 

different areas. 

The response of the tracers helps predict the effects of an accidental spill of hazardous 

materials. Tracer C showed a rapid arrival at Barton Springs, where the highest 

concentrations discharged within six days. Very low concentrations, in the part-per­

trillion ranges, persisted for the remaining duration of the three-month monitoring period 

(see Figure 4.4). Rapid arrival of high concentrations followed by persistent 

concentrations oflow (but detectable) tracer levels was also observed in Trace A (see 

Figure 4.2). The rapid movement measured by the tracers during high and low flow 

conditions provides little time for mitigation efforts to reduce potential damage from a 

hazardous material release to drinking water supplies or spring and river ecosystems. The 

rapid travel times also demonstrate conduit flow conditions where filtration will not 

occur. The breakthrough curves for the traces also demonstrate some of the difficulties 

that could occur in monitoring for the release of a hazardous substance. A large 
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large concentration pulse of contaminants could move rapidly through the system, 

leaving a residual concentration that could be present below analytical detection limits for 

grab samples. 

The results of the tracing work to date suggest that the recharge area to Cold Springs may 

be larger than has been previously suggested. Previous studies suggested that Cold 

Springs probably received some recharge from the upper part of the Recharge Zone in 

Barton Creek (Senger and Kreitler, 1984) but its main recharge area was assumed to be 

the Eanes Creek watershed. Traces from Point B under low flow conditions and Point A 

under both low and high flow discharged from Cold Spring. This suggests that the upper 

2.3 of the seven miles of Barton Creek which lie in the Recharge Zone, supplies water 

mainly to Cold Springs. The trace at Point F also discharged from Cold Springs, 

indicating that at least 1.5 miles of the Recharge Zone of Williamson Creek contributes 

some water to Cold Springs. 

A larger than expected contributing area to Cold Springs raises a question of the volume 

of water that discharges from this spring. Earlier water balances for the Barton Springs 

segment by Slade, Dorsey, and Stewart (1986) assumed that Barton and Williamson 

Creeks, as well as Slaughter, Bear, Little Bear, and Onion Creeks, flowed to Barton 

Springs. This balance was based on three years of flow measurements on the six major 

recharge zone creeks and springflow measurements at Barton Springs. This balance 

showed 12% more recharge than discharge, which the investigators suggested could be 

attributed to some flow from Barton Creek discharging to Cold Springs or other springs 
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discharging into Town Lake. Previous estimates of the flow of Cold Springs at 2.6 to 4.2 

cfs (Brune, 1981) may represent only the discharge above the surface of Town Lake and 

may be only part of the total water discharging into the lake from this area of the aquifer. 

A water balance for Town Lake based on flow data from 1980 to 1989 shows an average 

excess of29 cfs that could be attributed to unmeasured springflow entering Town Lake, 

or leakage around the Tom Miller Dam (City of Austin, 1992). Discharge of Cold 

Springs visible above the level of Town Lake was measured by City of Austin staff to be 

about 4.5 to 6.8 cfs on November 6, 1997, when Barton Springs flowed at 30 cfs. A 

temperature survey of Town Lake and Lake Austin (see Appendix A, Figure 1) failed to 

identify any additional springs, although water depth may mask temperature differences 

between lake and aquifer water. Thermal aerial photography has been used in other areas 

to locate inaccessible springs and may be applicable here. 

Four traces at three injection sites have demonstrated that at least one-third of the western 

edges of the Recharge Zones in Barton and Williamson creeks contribute some water to 

Cold Springs. No traces have been performed in the lower 4.6 miles of Barton Creek, 

which makes up two-thirds of its length crossing the Recharge Zone. How much of the 

surface runoff that actually enters the aquifer as recharge in these reaches is not known. 

Flow measurements and field observations suggest the quantity of water entering some 

channel recharge features is variable and may change during extended recharge events. 

The amount of water entering the aquifer at any recharge point may be limited by its 

"plumbing," specifically by the thickness of the underlying aquifer, the conduit size, 

interconnectivity of conduits, and blockage caused by sediment filling the opening. 
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Naturally, frequency and amount of previous rainfall may also limit the amount of 

potential recharge that can enter a recharge point. 

The aquifer in the western end of the Recharge Zone in Barton Creek is relatively thin 

compared to the eastern side (Figure 1.4). In fact, only about 40 feet of the lowermost 

water-bearing unit of the Edwards Aquifer (the Dolomitic Member) is present below the 

channel of Barton Creek at the western edge of the Recharge Zone. Observations and 

flow measurements to date suggest that the recharge capacity of the upper stretches of 

Williamson and Barton Creeks on the Recharge Zone may be limited. Consequently, it is 

possible that the creek areas recharging Cold Springs may cover a large area, but may 

more easily reject potential recharge, allowing the creekwater to recharge further 

downstream and potentially flow directly to Barton Springs. The finding of the 

groundwater tracing study to date, therefore, may not necessarily significantly contradict 

the recharge volumes previously estimated for individual watersheds (Slade, Dorsey, and 

Stewart, 1986; Woodruff, 1984a). Additional field work is planned to take frequent and 

detailed flow measurements in recharge creek reaches to better estimate the recharge 

capacity of creek segments and the recharge capacity of the most significant recharge 

features under different aquifer flow conditions. 

Finally, the tracing results help to evaluate the suitability of the injection sites for 

potential recharge enhancement. Each of the four sites tested showed rapid groundwater 

movement and suggest little long-term groundwater storage. 
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6.0 CONCLUSIONS 

Five traces were conducted within the Barton Creek and Williamson Creek watersheds at 

four sites in 1996 and 1997 (phases I and II). Two, ~acers from Barton Creek traveled 
, " 
': 

about 0.6 miles per day during low aquifer flow conditions. Under high aquifer flow 

conditions, tracers traveled at rates exceeding 4 miles per day from an injection site on 

Williamson Creek and from one of the previously traced sites on Barton Creek. 

Where sufficient information was available, fault trends and groundwater potentiometric 

maps generally predicted the flow paths and destinations of the traces performed. The 

ability of a potentiometric map to represent the actual water-level surface depends on the 

density of accurate measurement sites taken during a sufficiently narrow period to 

represent an instant in time. 

In the traces where detailed measurements of the breakthrough concentration were 

collected, the highest concentrations arrived at the discharge points within two days of the 

initial arrival. Concentrations sharply declined in each case, although in some cases they 

remained detectable at low (parts per billion or trillion) levels for several weeks or 

months. 

At least one third of the upper recharge zone portion of Barton and Williamson creeks 

contributes some flow to Cold Springs. The contributing area to Cold Springs is larger 

than was previously estimated. Additional study is necessary to quantify the volume 

contributions to each of the major springs. Based on a few observations and 
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measurements, the recharge features contributing to Cold Springs are variable in their 

recharge capacity. 

This report presents the initial results of a larger study that encompasses the Barton 

Springs segment. An Environmental Protection AgencylTNRCC grant has been awarded 

to BSIEACD to support similar tracing efforts in the Slaughter Creek, Bear Creek, and 

Onion Creek watersheds of the Barton Springs segment, and to perfonn additional traces 

as needed in the Barton Creek and Williamson Creek watersheds. The location and 

assessment of the recharge capacity of major recharge features on the recharge zone needs 

to be performed. A second Environmental Protection Agency/TNRCC grant has been 

awarded to provide support to the BSIEACD for recharge feature assessments. 

Assessments of the Colorado River and possibly the Blanco River are necessary to 

identify the location of other discharge points from the Barton Springs segment and to 

measure their discharge volumes. Stream-flow gauging stations are needed downstream 

of the Recharge Zone on most of the major creeks, to more definitively estimate the 

recharge losses within the recharge zone. Cave exploration and mapping could be 

utilized to physically locate and assess the configuration of conduits that make up some 

of the preferred groundwater flow paths. With new groundwater tracing data, recharge 

feature assessments, flow loss information, and discharge data, a more definitive water 

balance can be calculated for the Barton Springs segment. This infonnation will help our 

understanding of this critically important groundwater system. 
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8.0 APPENDICES 

8.1 TOWN LAKEILAKE AUSTIN TEMPERATURE MEASUREMENTS CORRELATED TO 
LAKE DEPTH (JULY 1996) 
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Appendix 8. 1 

TOWN LAKE/LAKE AUSTIN TEMPERATURE SURVEY 
July 1996 
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