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Central Texas drought cycles 
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Central Texas drought cycles 

0

20

40

60

80

100

120

140

-6

-4

-2

0

2

4

6

8

10

Jan-70 Jan-80 Jan-90 Jan-00 Jan-10 Jan-20

Ba
rt

on
 S

pr
in

gs
 d

is
ch

ar
ge

 (f
t3 /

s)
 

Pa
lm

er
 D

ro
ug

ht
 S

ev
er

ity
 In

de
x 

Barton Springs 
discharge 

Palmer 
drought 
severity 
index 

Drought 

Wet 



Nicolas Massei, UMR M2C, Université de Rouen 

 

During rainfall, recharge occurs through streambeds 
and as direct infiltration 



Nicolas Massei, UMR M2C, Université de Rouen 

 

After rainfall, flow in streams continues to 
recharge the underlying aquifer through 
conduits 
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Presenter
Presentation Notes
Rain that falls to the west, onto the Contributing Zone, flows in creeks across the Glen Rose Limestone from west to east.  Once it crosses onto the more permeable, fractured Edwards Limestone, it infiltrates into the aquifer.  About 85% of the recharge occurs through fractures in the beds of 5 major creeks (Slade et al., 1986).  Then the ground water follows the NNE-trending enlarged fractures toward Barton Springs.

To the east, the aquifer is overlain by the impermeable Del Rio Clay.  This clay forms a confining layer, and the water underneath is under pressure.  If wells are drilled in this zone, the water level will rise above the level of the Del Rio Clay, and if the pressure is great enough the well will be artesian.

Deep Edwards water to the east of the Artesian Zone is not potable.

Slade, R. J., Jr., Dorsey, M. E., Stewart, S. L., 1986, Hydrology and Water Quality of the Edwards Aquifer Associated with Barton Springs in the Austin Area, Texas, U.S. Geological Survey Water Resources Investigations Report 86-4036.



Hydrologic conditions: transition from 
drought to wet 



Nitrate concentrations in streams increased when 
the drought broke in Sept. 2009 
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….and were high relative to measured 
streamflow 
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Streamflow (ft3/s) 
 

Bear Creek 
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Nitrate concentrations in groundwater had contrasting 
responses to the break in the drought (Sept. 2009) 
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Barton Springs:  Nitrate concentrations 
were higher relative to historical levels 
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Barton Springs discharge (ft3/s) 
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Isotopes of nitrate 
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What’s changed? 



Septic systems permitted by year 
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Irrigation volume permitted by year 
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Cumulative N loading 

• Organic N is being converted to 
nitrate in the aquifer 

• Total N is being stored 
(conservatively?) in the aquifer 
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Implications of nitrification 

• Organic nitrogen  NH4
+ (ammonification) 

• NH4
+ + 1.5 O2  2H + + 2H2O + NO2

- 

• NO2
- + 0.5 O2  NO3

- 

• For every mg of ammonia oxidized to nitrate, 
4.18 mg of oxygen are consumed 

• Nitrification lowers the pH 
 



Infiltration and 
discharge to surface 
water 

Partial ammonification 
and nitrification; recharge 
to groundwater 

Continued 
ammonification 
and nitrification of 
organic nitrogen 



This work was done in cooperation with: 

• Texas Commission on Environmental Quality 
• City of Austin 
• City of Dripping Springs 
• Hays County 
• Lower Colorado River Authority 
• Barton Springs/Edwards Aquifer Conservation 

District 



Additional information available 

• Real-time physical properties at Barton Springs 
(site 08155500):  http://tx.usgs.gov/   

• USGS Fact Sheet:  
http://pubs.usgs.gov/fs/2011/3035/ 

• USGS Scientific Investigations Report:  
http://pubs.usgs.gov/sir/2011/5018/ 
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