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This portion of the presentation deals with the data that were collected as part of the 
SOW for the project, and conclusions reached after analysis of the data. 
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These were the main goals of the data collection and analysis effort. 
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1. Routine Sampling: Periodic unbiased sampling – designed to measure 
water quality under a variety of conditions over the project. Sample sites 
included 5 spring openings, sites in Spring Lake, and one site in the Upper San 
Marcos River (just below Saltgrass Steakhouse). 
 

2. Targeted Sampling: Sampling performed to measure water quality under 
specific conditions; generally stormflow conditions. Sample sites were at 
various points along Sink Creek in the Upper San Marcos River, and were 
designed to capture stormwater runoff after large rain events, which is the 
only time water flows in Sink Creek. 

 
3. Continuous Monitoring: Continuous (at 15-minute intervals) 

measurement of basic field parameters (pH, DO, SpC, T, Turbidity) – designed 
to detect gradual changes in water quality and responses to storm events. 
Monitored sites include 5 spring openings and the Slough Arm of Spring Lake. 
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The five spring sites were included in the Routine Sampling schedule. Water was 
collected directly from the spring openings and not from the lake itself. 
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These five sites were used to collect surface water samples from Spring Lake and the 
uppermost portion of the San Marcos River. 
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1. Designed to characterize the nutrient and TSS concentrations in Spring Lake. 
Samples collected every 2-3 weeks at 5 spring openings, 4 sites in Spring Lake, 
and one site just below Saltgrass Steakhouse. No samples were collected 
during stormflow conditions, so all these samples and data represent 
baseflow conditions 
 

2. First samples collected August 12, 2011, last samples collected September 17, 
2012 
 

3. Mean values for Ortho-phosphorus, Total Phosphorus, Total Kjeldahl Nitrogen, 
and Ammonia, Nitrogen were at or below LOQ (Limit of Quantitation). 
 

4. Nitrate + Nitrite, Nitrogen mean values were above LOQ (0.06 mg/L), but 
always below drinking water standards of 10 mg/L. Nitrate, Nitrogen values 
ranged from 0.10 and 2.35 mg/L  
 

5. E. coli mean values were below Primary Recreational water quality standard of 
126 MPN/100 mL, though one sample at the Slough Arm at Bridge site was 
elevated above the standard. Surface water site averages ranged from 11 
MPN/100 mL at the site below Saltgrass Steakhouse, to 66 MPN/100 mL at 
the Slough Arm site in the golf course. 
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These three sites were instrumented with automatic ISCO water samplers. Only the 
Limekiln and Fulton Ranch Road sites experienced flowing water during the study, 
despite several large rain events. The Flood Control structure site remained dry 
during the entire study. 
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1. Designed to characterize the nutrient and TSS concentrations in Spring Lake 
and Sink Creek under stormflow conditions. Samples collected during two 
storm events; study period characterized by lack of large rainfall events. Since 
late 2007, all stormwater that has flowed across Limekiln Road at this site has 
been derived from local runoff – dominated by urban stormwater from the 
north side of San Marcos. None of the water in this lower portion of Sink 
Creek was from upstream of the lower flood control dam. This is because 
stormwaters recharge the aquifer so rapidly in large parts of the watershed, 
and only exceptional floods produce enough water to fill and flow past the 
dams. 
 

2. First samples collected March 20, 2012; Second samples collected May 11, 
2012 
 

3. TSS was elevated over the course of each storm event (ranging from 20 to 451 
mg/L). 
 

4. E. coli for every sample was above Primary Recreational water quality 
standard of 126 MPN/100 mL. The actual values were not quantified due to 
method limitations on the maximum number counted, but all samples had E. 
coli levels greater than 2,419 MPN/100 mL.  
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TSS during the March and May sampled storm events. Both events had high TSS 
during peak flows. During the March event, TSS between 20 and 40 mg/L represents 
nearly stagnant water after the peak flows had passed. During the May event, 
sampling was discontinued when flows were observed to have stopped or nearly 
stopped and stagnant conditions dominated. Again, nearly all the storm water 
monitored at this site was derived from local urban runoff on the north side of San 
Marcos. 
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1. Only one very large storm event caused flow at the Fulton Ranch Road site. 
Wild animals damaged the auto sampler immediately before the storm, so 
only one sample was collected by hand on May 11, 2012. 
 

2. Despite an estimated >50 cfs of stormflow at the Fulton Ranch Road site, 
flowing water did not reach the Freeman Ranch flood control dam (SI-2), 
because of the very high recharge capacity of the recharge zone in the Sink 
Creek watershed. 
 

3. TSS was 9 mg/L in the one sample, and waters were tannic with dissolved and 
particulate organic carbon rather than turbid with inorganic sediment. This is 
in contrast with the Limekiln Road crossing site where most stormwater is 
derived from the northern edge of the city, TSS is much higher, and is 
dominated by inorganic sediment. 

 

12 



1. Surface water sources to Spring Lake and the Upper San Marcos are 
dominated by urban stormwater flows (north side of San Marcos, and along 
Post Road), and carry high TSS and E. coli loads.  
 

2. Stormflows in most of the Sink Creek watershed rarely reach Spring Lake as 
surface water, and recharge the aquifer instead. The last time surface waters 
flowed past the flood control dams was in 2007. 
 

3. Stormwaters affect water quality in the San Marcos River, as well as the 
Slough Arm, where increased nutrient and sediment loads result in decreased 
Dissolved Oxygen after large and small storm events  
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The continuous Dissolved Oxygen record from the Slough Arm site near the road 
crossing in the golf course. Note that after small and large storm events (marked by 
increases in the discharge in San Marcos River), the Dissolved Oxygen decreases 
sharply. 
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These are the six sites that were continuously monitored for pH, Specific 
Conductivity, Temperature, Dissolved Oxygen, and Turbidity. With the exception of 
the Slough Arm site, all the sites are groundwater sites and the instruments were 
installed directly in the spring discharge. 
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Replacing an instrument at Cream of Wheat Spring. This site required construction of 
a stainless steel hood that covered a spring boil and ensured that the instrument only 
measured spring water – rather than the surrounding lake water. 
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An instrument placed in Deep Hole Spring. This is an example of the other spring sites 
where instruments were placed inside the spring opening to ensure they were only 
measuring spring water and not the surrounding lake water. 
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1. Designed to characterize how 5 springs in the Lake Arm (Crater Bottom, 
Cream of Wheat, Deep, Diversion, and Hotel Springs), and one site in the 
Slough Arm (near bridge on West Laurel St.), responded to long- and short-
term variability in hydrologic conditions. 
 

2. Water quality parameters monitored: pH, Specific Conductivity, Dissolved 
Oxygen, Temperature, and Turbidity 
 

3. Recorded at 15-minute intervals; reported to TCEQ as daily average, 
maximum, and minimum values. 
 

4. Instruments were removed, serviced, calibrated, data downloaded, and 
replaced at 4-week intervals. 
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1. Water discharging from springs appears to be variable mixtures of water from 
deeper, longer, regional sources and flowpaths, and shallower, shorter, local 
sources and flowpaths. This is supported by the findings of other studies.  
 

2. As discharge decreases (or as drought increases), a larger percentage of 
discharge is derived from deeper regional sources with longer residence times 
in the aquifer. 
 

3. All springs respond (but with varying magnitudes) to local recharge events, 
indicating that local water travels very quickly to the springs. Some of the 
springs on the SW end of the Lake Arm derive a larger % of their water from 
the deeper and warmer sources (Deep Hole Spring, for example), while the 
springs in the headwaters tend to derive more of their water from local and 
cooler sources. 
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A figure illustrating the effect that a storm event had on Temperature. Note that all 
the springs responded to the event, though in different ways. Differences in 
temperatures between the springs likely indicate different mixtures of water from the 
deeper and warmer sources, vs. the shallower and cooler sources. Deeper sources 
are warmer due to the geothermal gradient – with an increase in depth below the 
surface, temperatures increase. 
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