












































4.3  Organic Carbon

Organic Carbon has increased during stormflow only. The size of the increase in median
concentration over the last 25 years is 1.9 mg/L, from 1.5 to 3.4 mg/L. This is an increase of
127%. Perhaps increased deposition of degradable organic carbon in the aquifer during storm
flow, may lead to decreases in DO during baseflow when there is no recharge occurring.
Scatterplots of these data are provided in Figures 10 and 11.

4.4 Sulfate

Sulfate has increased during baseflow when recharge is occurring. Median sulfate
concentrations have increased approximately 10.5 mg/L, from 28.3 to 38.8 mg/L.. This is an
increase of 37% over a 20-year period. Sulfate levels have been found to be fairly consistent
indicators of urbanization in much smaller springs in the Jollyville Plateau region. Mean
concentrations in rural springs ranged from 12 to 26 mg/L, whereas mean concentrations in
newer urban springs ranged from 43 to 59 mg/L (as read from a graph) (COA, 1999). The
current median concentrations in Barton Springs lie between these two groups. Again, this
increase may be an early indicator of the effects of watershed urbanization that are not reflected
in more commonly considered pollutants. Scatterplots of these data are provided in Figures 12
and 13.

4.5  Turbidity

Turbidity has increased significantly over time during storm flow. Turbidity is significantly
inversely proportional to spring discharge. Sampling has been much more frequent recently —
leading to a higher probability of observing extreme events. However the frequency of high
turbidities is such that the observed increase is unlikely to be a sampling artifact. The average
increase in storm water turbidity is 1.7 NTU, from 5.3 to 7 NTU. This is an increase of about
32% over the past 20 years. Scatterplots of these data are provided in Figures 14 and 15. It
should be noted that the influence of recent data on storm condition results may be significant
due to an effort to obtain representation of turbidity over the storm flow hydrograph. This can be
compared to previous sampling strategies whereby only single grab samples were obtained for
storm events. Replacement of storm event data with median values causes the regression to be
non-significant at the 0.05 level; however, the regression is still significant when these events
are replaced with the maximum single grab taken over the storm event.

While the changes in turbidity during baseflow are not significant due to the variability of the
data and the large number of very low concentrations, there is some indication that change is
occurring. Table 3 shows the percent of the turbidity measurements that fell within various
ranges for three periods of time. Prior to 1990, under baseflow conditions, 82% of the turbidity
levels during recharge were less than 2 NTU and all storm flow turbidities were less than 12
NTU. In the past five years 74% of the baseflow turbidities levels during recharge conditions
were between 2 and 12 NTU, and 34% of storm flow turbidities were between 12 and 50 NTU.
Although short term turbidity increases are expected during storm conditions as a watershed is
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Table 3 Percent of Turbidity Concentrations in Selected Ranges for Three Time Periods

Baseflow without Baseflow with Storm flow
Recharge recharge
Period | 0-2 NTU >2 NTU [0-2 NTU] >2NTU 0-12 | >12 NTU
NTU
1975-1989| 100% 82% 18% 100%
1990-1994| 97% 3% 85% 15% 95% 5%
1995-1999| 75% 23% 28% 72% 67% 33%
Figure 10 Organic Carbon During Storm Flow
Barton Springs Organic Carbon Concentrations
during Storm Flow
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Figure 11 Organic Carbon During Storm Flow Without Qutliers

Barton Springs Organic Carbon Concentrations
during Storm Flow

Two outliers > 15 mg/L not plotted
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Figure 12 Sulfate During Baseflow With Recharge
Barton Springs Sulfate Concentrations
during Baseflow with Recharge
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Figure 13 Normalized Sulfate During Baseflow With Recharge

Barton Springs Sulfate Concentrations

during Baseflow with Recharge
Noarmalized to a Discharge of 50 cfs
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Figure 14 Turbidity During Storm Flow
Barton Springs Turbidity Concentrations
during Storm Flow
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Figure 15 Normalized Turbidity During Storm Flow

Barton Springs Turbidity Concentrations
during Storm Flow
Normalized to a Discharge of 50 cfs
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urbanized, baseflow increases in turbidity may also be an early indicator of such watershed
changes. Also, the inclusion of data removed due to lack of corresponding coliform and TSS
data impacts the turbidity regressions. Including these data as baseflow resulted in a significant
increasing trend for non-storm, recharge conditions.

5.0 ADDITIONAL ANALYSES ON SPRING DATA

Several additional analyses were done as checks on the validity of our results on parameters and
flow conditions that were shown to have significant changes over time in the results presented
above. The multiple regressions were rerun on two subsets of the data: USGS data and all data
prior to 1995. In addition all flow conditions were lumped together and two different regression
models were investigated. In one model, the two independent variables were discharge followed
by date. This is the model used in all the analyses discussed previously. In the other model, date
was the only independent variable. The regression coefficients for date from these analyses are
presented in Table 4.

5.1 Trend Analysis on USGS Data

Most of the data prior to 1995 was gathered by the USGS, whereas in recent years most samples
have been collected by other agencies. Time trends identified by analyses on all the data may be
due to method or lab differences. To investigate this possibility the analyses were rerun on just
the USGS data. Significant results provide an important confirmation of the original analyses. If
the date regression slope is no longer significant then additional investigation is needed. Method
or lab differences should be considered. However the loss of significance may be due simply to
the decrease in the number of data points. If this is the case we would expect the slope of the
time trend to be similar to that found on the entire data set. Time trends for dissolved oxygen,
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organic carbon, and sulfate were confirmed by regression on the USGS data, as were time trends
for conductivity during baseflow.

Time trends for conductivity during storm flow and turbidity were not significant when only the
USGS data was considered. The regression coefficients for date on the USGS data have the
same sign and are approximately half the size of the coefficients for the entire data set. This may
imply that the change over time is not as large as indicated by the entire data set, or that with
more USGS data the trend will be confirmed, or that the trend does not exist. These parameters
under these flow conditions could warrant more investigation.

5.2  Trend Analysis on 1975-1994 Data

No significant time trends at the 0.05 level were found when the data from the last five years was
eliminated. This result would explain why previous analyses did not observe such trends.
However for most parameters and flow conditions, the slopes were similar in magnitude and had
the same sign. This would imply that the trends were there but that the number of data points
was insufficient to confirm the significance of the trend. The parameters and flow conditions
where this was not true were conductivity during storm flow and turbidity. These are also the
time trends not confirmed by the analysis on the USGS data.

5.3  Trend Analysis on Un-separated Data

Since the split of the data in to the three flow categories is imprecise, the multiple regression was
run on all flow categories lumped together with discharge and date as the independent variables.
In addition regression with date for the independent variable was done. Significant time trends
were identified for dissolved oxygen and conductivity with both regressions. When the data is
lumped, no trends are observed for organic carbon, sulfate, or turbidity.

Table 4 Regression Coefficients for Date

Flow | All conditions lumped Baseflow without Recharge Baseflow with Recharge Storm Flow
Condition
Model date Discharge | Discharge discharge Discharge | Discharge discharge discharge | Discharge Discharge discharge
Independent and date | and date and date  and date | and date and date and date | and date and date and date
Variables
Data All All All USGS  1975-199%4 All USGS  1975-1994 All USGS  1975-1994
Conductivity 006 0.006, 0.004* X 0.001 0.0 .01 0.011* 550 0.004
Dissolved 000! 0001 3.0001 000015 -0.00014
Oxygen » :
Organic 0.0009  0.0004%
Carbon s : (,‘;.
Sulfate
Turbidity 0.001* 0.0006

Cells are blank when none of the regressions for that parameter and flow condition were siiﬁcant
Shaded cells indicate significant regressions at the 0.05 level
* indicates significance at the 0.10 level
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6.0 SUMMARY OF BARTON SPRINGS DATA ANALYSIS

The analysis of long term water quality records from Barton Springs using two primary data
sources now indicates statistically significant changes in water quality which could be related to
watershed urbanization. Increasing conductivity, sulfate, turbidity, and total organic carbon
trends were noted to be significant. A decreasing trend in dissolved oxygen concentration was
also found to be significant. Significant trends were not noted in other parameters that are
commonly considered pollutants, such as nutrients and total suspended solids. Significance and
presence of trends is variable depending on flow conditions (i.e. baseflow vs. stormflow,
recharge vs. non-recharge).
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Appendix A
Trends in Creek Concentrations in the Contributing and Recharge Zones

Preliminary investigation of USGS surface water quality data at sites in the contributing and
recharge zones indicates that dissolved oxygen, turbidity, and organic carbon are decreasing and
sulfate and conductivity are increasing during both storm and baseflow. The direction of the
trends over time in the creeks matches those in Barton Springs for DO, sulfate and conductivity.
However the trends for turbidity and organic carbon in the creeks are in the opposite direction
from the trends in Barton Springs. Trends which are significant when the data from all the sites
is combined may not be significant when the data from each site is considered separately. In
some cases even the direction of the trend is different at a particular site. For example, both
sulfate and conductivity have decreased, from abnormally high values, in Barton Creek at Lost
Creek Blvd during baseflow, whereas the trend in the combined data is increasing. These data
are still under investigation and the results on the combined data may also be influenced by
inconsistent frequency and timing of samples between sites. Plots of the data are included as
follows in this Appendix for information and review.
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Recharge & Contributing Zone Concentrations
Conductivity during Storm Flow
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Recharge & Contributing Zone Concentrations
Dissolved Oxygen during Baseflow
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Recharge & Contributing Zone Concentrations
Dissolved Oxygen during Storm Flow
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Recharge & Contributing Zone Concentrations
Organic Carbon during Baseflow
9 O
8 - e
7_
6_
L
4._
3._
2._
1._
0_
I T T T T I T T T T | T T T T | T T T 1 ' T T T T I
01JANTE (LJANS0 01JANSH 01JAN90 (01JANY5 (0LJANOO
DO O Barton @ Hwy Tl 08 Barton @ Lost Creck 000 Barton @ Loop 860
nfmyui Williamson @ Brush AAA  Haughter @ FM 1826 H#H  Onion near Driftwood
Draft A-3 05/17/00




Recharge & Contributing Zone Concentrations
Organic Carbon during Storm Flow
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Recharge & Contributing Zone Concentrations
Sulfate during Baseflow
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Recharge & Contributing Zone Concentrations
Sulfate during Storm Flow
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Recharge & Contributing Zone Concentrations
Turbidity during Baseflow
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Recharge & Contributing Zone Concentrations
Turbidity during Storm Flow
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