TABLE OF CONTENTS
Section

Page

List of Figures ................................................................................................................................ iii
List of Tables ................................................................................................................................. iv
Acknowledgments............................................................................................................................v
Executive Summary ....................................................................................................................... vi
Introduction......................................................................................................................................1
Objective ..........................................................................................................................................1
Evaluation of Existing Drought Contingency Plan..........................................................................1
Assessment of Drought Contingency Zones in Uvalde County ......................................................2
Uvalde County Hydrogeological Setting .........................................................................................3
Drought Stages.................................................................................................................................9
Candidate Drought Triggers ..........................................................................................................10
Drought Contingency Measures ....................................................................................................11
Summary ........................................................................................................................................11
References......................................................................................................................................16

ii

LIST OF FIGURES
Figure

Page

Figure 1. Map of Uvalde County. The county is divided into the western and
eastern drought zone subdivisions (denoted with the dashed blue boundary lines) ......................17
Figure 2. Extent of secondary aquifers in Uvalde County.............................................................18
Figure 3. Geology in southern Uvalde County illustrating the locations of Soldiers Camp
Springs and other un-named springs that issue from the Austin Chalk Aquifer to the
Nueces River (base map from Barnes, 1983) ................................................................................19
Figure 4. Groundwater elevation at Uvalde County Index Well J-27 for the period 1940
to 2010 (Data from the Edwards Aquifer Authority). Blue circles indicate times when
12-month moving average of river discharge of Nueces River at Laguna (08190000)
decreased below 50 cfs ..................................................................................................................20
Figure 5. Locations of U.S. Geological Survey river gauging stations in the study area ..............21
Figure 6. Average monthly discharge data from the U.S. Geological Survey gauging station
on the Nueces River at Laguna (08196000) (U.S. Geological Survey website
http://waterdata.usgs.gov/nwis/nwisman/?site_no=08196000 was accessed on
April 27, 2010.)..............................................................................................................................22
Figure 7. Average monthly discharge data from the U.S. Geological Survey
gauging station on the Nueces River at Laguna (08196000). Data were cropped at 250 cfs
to provide higher resolution of lower discharge rates. (U.S. Geological Survey website
http://waterdata.usgs.gov/nwis/nwisman/?site_no=08196000 was accessed on
April 27, 2010)...............................................................................................................................23
Figure 8. Average monthly discharge data from the U.S. Geological Survey gauging
station on the Nueces River at Laguna (08196000). Data were cropped at 250 cfs to provide
higher resolution of lower discharge rates. The data are presented with a 12-month moving
average. The monthly data are presented as blue dots. The 12-month moving average is
presented by the purple dots and lines. Month 400 is approximately October 1957. (U.S.
Geological Survey website http://waterdata.usgs.gov/nwis/nwisman/?site_no=08196000 was
accessed on April 27, 2010)...........................................................................................................24

iii

LIST OF TABLES
Table

Page

Table 1. Discharge measured at Nueces River gauging station 12110103 by the U.S.
Geological Survey for the years 1950 to 1959. Taken on March 13, 2009 from:
http://waterdata.usgs.gov/nwis/monthly/?referred_module=sw&site_no=08192000&por_
08192000_1=1786,00060,1,1939-04,2009-02&start_dt=1950-01&end_dt=195912&format=html_table&date_format=YYYY-MMDD&rdb_compression=file&submitted_form=parameter_selection_list ....................................13
Table 2. Austin Chalk Aquifer wells elevations. Data are taken from the Texas Water
Development Board website on April 23, 2010. The impact elevation is calculated as the
well depth elevation plus five feet for the pump height above the well bottom and 60 feet
of available drawdown...................................................................................................................13
Table 3. Buda Aquifer wells elevations. Data are taken from the Texas Water
Development Board website on April 23, 2010. The impact elevation is calculated as the
well depth elevation plus five feet for the pump height above the well bottom and 60 feet
of available drawdown...................................................................................................................14
Table 4. Edwards Aquifer wells elevations. Data are taken from the Texas Water
Development Board website on April 23, 2010. The impact elevation is calculated as the
well depth elevation plus five feet for the pump height above the well bottom and 60 feet
of available drawdown...................................................................................................................14
Table 5. Percentages of time that candidate trigger levels have been exceeded at J-27................14
Table 6. U.S. Geological Survey river gauging stations in the study area ....................................14
Table 7. Drought stages for the Uvalde Pool of the Edwards Aquifer specified in the
Edwards Aquifer Authority Act, as Amended...............................................................................15

iv

ACKNOWLEDGEMENTS
This work was funded by the Uvalde County Underground Water Conservation District.
Mr. Vic Hildebran of the Uvalde County Underground Water Conservation District is
acknowledged for his efforts in monitoring the execution of the project. Mr. Cary
Spurgeon is thanked for his insight on the geology and hydrology of the study area.
Constructive reviews by Dr. Gary Walter and Dr. David Ferrill improved this report. Ms.
Cheryl Patton is thanked for her assistance with report preparation.

v

Development of a Candidate Drought Management Plan
for Uvalde County, Texas
prepared for the
Uvalde County Underground Water Conservation District
Executive Summary
The Geosciences and Engineering Division at Southwest Research Institute® was retained
by the Uvalde County Underground Water Conservation District (Uvalde County
UWCD) to help develop a drought contingency plan for Uvalde County, Texas. Uvalde
County is the beneficiary of multiple sources of groundwater and surface water.
Hydrologic relationships among these various sources are complex, but have been
sufficiently investigated to allow development of a drought contingency plan to protect
and conserve water resources during periods of inadequate precipitation and recharge.
The objective of the project is to assess the hydrology and develop a candidate drought
contingency plan for the secondary aquifers of Uvalde County. The drought plan for the
Edwards Aquifer in Uvalde County is under the jurisdiction of the Edwards Aquifer
Authority. The purpose of this evaluation is to develop a drought contingency plan that
protects the secondary aquifers. Ramifications due to inconsistencies between the
Edwards Aquifer Authority drought contingency plan and the Uvalde County
Underground Water Conservation District drought contingency plan are not addressed in
this report.
Potential drought indicators for the drought contingency plan are evaluated for their
relevancy to Uvalde County. The plan is predicated on identification of potential
environmental factors in Uvalde County Underground Water Conservation District and
evaluation of whether single or multiple indicators of drought severity would be
appropriate to protect and conserve the water resources of the district during drought
conditions.
The hydrogeology of Uvalde County was assessed to develop a candidate drought
contingency plan for the secondary aquifers in Uvalde County, Texas for use by the
Uvalde County Underground Water Conservation District. Several tasks were undertaken
in the conduct of this project. The county was designated as two zones for purpose of
drought management, one zone to the west and one zone to the east of the Knippa Gap.
The eastern subdivision contains only the Edwards Aquifer and is not subject to this
drought management plan. The western subdivision includes significant areas with the
Buda, Austin Chalk, and Leona Formation aquifers in addition to extensive areas
underlain by the Edwards Aquifer.
The effect of drought was assessed for the Buda, Austin Chalk, and Leona Formation
aquifers in the Uvalde sub-basin. The effects of drought are manifested in Uvalde County
in wells that go dry, reduced recharge to the Leona Formation aquifer in the Leona River
floodplain, and reduced discharge from the Austin Chalk springs on the Nueces River,
most notably the Soldiers Camp Springs. Only extreme drought, similar to the severity of
vi

the drought of record in the 1950s, is expected to impact the deeper Edwards Aquifer
wells. Assessment of the hydrogeology and relative elevations of geologic structures
indicates that the Leona Formation Aquifer in the Leona River floodplain experiences
loss of recharge when groundwater drops below approximately 865 ft msl. Similarly, the
Nueces River begins to experience decreased recharge from Soldiers Camp Springs and
other springs in the Nueces River when groundwater elevations approach 860 ft msl.
Inspection of Austin Chalk Aquifer wells indicates that these wells, particularly the
shallower domestic and livestock wells, also begin to become impacted when
groundwater approaches 865 ft msl.
The drought contingency plans of six conservation districts or water authorities were
evaluated as part of this project. Typically, three to five drought stages are designated in
the drought contingency plans. A variety of drought severity triggers were used in the
plans, including index well water-level measurement, spring discharge, river flow, and
drought severity indices.
The relative merits of indicators of drought severity were evaluated to determine their
usefulness as triggers of drought stage for Uvalde County. River flow and drought indices
were evaluated and found to be inadequate as indicators or triggers for Uvalde County.
The Uvalde County index well, J-27, was determined to be the best candidate for a
trigger of drought severity in Uvalde County. Although index well J-27 is completed in
the Edwards Aquifer, past studies of the Uvalde sub-basin clearly demonstrate that the
Buda, Austin Chalk, and Leona Formation aquifers are in hydraulic communication with
the Edwards Aquifer in the Uvalde sub-basin. Therefore, J-27 qualifies to measure
groundwater elevations in the secondary aquifers even though it is completed in the
Edwards Aquifer.
Seventy years of water levels measured at J-27 document the response of the Uvalde subbasin to the drought of record of the 1950s and the impact of pumping that has varied
during the period of record. This record allowed calculation of the percentage of time that
specific water elevation triggers in J-27 were attained during the 70-year period of record.
Candidate trigger levels for J-27 included 845, 850, 855, 860, and 865 ft msl. The
percentages of time when these triggers were attained in the past were calculated for the
period of 1940 to 2010, which included the drought of record, and the period of 1960 to
2010 for comparison. If the drought of record is included in this calculation, 845 ft msl
would have been attained 8.8 percent of the time and 865 ft msl would have been attained
22.3 percent of the time. Similarly, if the only the period of 1960 to 2010 was considered,
865 ft msl would have been attained 11 percent of the time and elevations of 855 ft msl
land lower would have been attained less than one percent of the time.
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Introduction
The Geosciences and Engineering Division (GED) at Southwest Research Institute®
(SwRI®) was retained by the Uvalde County Underground Water Conservation District
(Uvalde County UWCD) to help develop a drought contingency plan for Uvalde County,
Texas. Uvalde County is the beneficiary of multiple sources of groundwater and surface
water. Hydrologic relationships among these various sources are complex, but have been
sufficiently investigated (Green et al., 2006, 2008a,b,c, 2009a,b,c,d) to allow
development of a drought contingency plan to protect and conserve water resources
during periods of inadequate precipitation and recharge.
Objective
The objective of the project is to assess the hydrology of Uvalde County and develop a
candidate drought contingency plan for the secondary aquifers regulated by the Uvalde
County UWCD. These aquifers include the Buda, Austin Chalk, and Leona Formation
aquifers. The drought contingency plan for the Edwards Aquifer in Uvalde County is
administered by the Edwards Aquifer. The drought contingency plan discussed here does
not address regulation of the Edwards Aquifer.
Potential drought indicators are evaluated for their relevancy to Uvalde County as part of
this project. The drought contingency plan is predicated on identification of potential
environmental factors in Uvalde County UWCD and evaluation of whether single or
multiple indicators of drought severity would be appropriate to protect and conserve the
water resources of the district during drought conditions.
Evaluation of Existing Drought Contingency Plans
Drought contingency plans, also referred to as drought management plans, developed for
groundwater conservation districts in Texas were evaluated for relevancy in the
development of the drought contingency plan for Uvalde County UWCD. Drought
contingency plans reviewed as part of this project included the following:


Edwards Aquifer Authority Act, as amended



Barton Springs Edwards Aquifer Conservation District Drought Management
Program.



Real-Edwards Conservation & Reclamation District Drought Contingency Plan



Lone Wolf Groundwater Conservation District Drought Contingency and
Emergency Water Demand Management Plan



Hill County Underground Water Conservation District Drought Management Plan
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City of Terrell Drought Contingency and Water Emergency Response Plan

In general, drought contingency plans have two parts. The first part is a trigger, or
triggers, to indicate when drought conditions are entered. A variety of indicators can be
used as triggers. Common indicators are groundwater elevations in index wells, river
discharge, spring discharge, reservoir stage, drought indices, or combinations of several
triggers. The second part of the drought management plan is to identify appropriate stages
of conservation to be initiated for each level of drought. Most drought contingency plans
identify several stages of drought, with increasing severity.
Assessment of Drought Contingency Zones in Uvalde County
Uvalde County has a complex hydrogeological environment. For purposes of water
resource management, Uvalde County is separated into two subdivisions based on the
structure of the Edwards Aquifer at the Knippa Gap (Figure 1). The western subdivision
is the Uvalde sub-basin and the eastern subdivision is that portion of the San Antonio
segment of the Edwards Aquifer that is in Uvalde County, but east of the Knippa Gap.
The western subdivision includes most of Uvalde County and has multiple
hydrogeological components, including the Edwards, Buda, Austin Chalk, and Leona
Formation aquifers.
The Edwards Aquifer is the only aquifer of consequence in the eastern subdivision. The
secondary aquifers under consideration in this study have limited presence in the eastern
subdivision (Green et al., 2009b), therefore, there is no need for a drought contingency
plan for the secondary aquifers in the eastern subdivision. The drought contingency plan
is also focused on the central portion of the aquifer. There are limited groundwater
resources in the northern and southern portions of the county relative to the central
section.
The principal groundwater resource of the western subdivision is the Edwards Aquifer.
Within the western subdivision, the Edwards Aquifer extends from the Kinney County
line in the west to the Knippa Gap in the east and from the Edwards Aquifer recharge
zone in the north to the to the saline-water line in the south. There are substantial
secondary aquifers within the western subdivision, notably the Buda, Austin Chalk, and
Leona Formation aquifers. The Buda and Austin Chalk aquifers are essentially contained
within the western subdivision, however, the Leona Formation Aquifer extends south out
of the western subdivision along the Leona River floodplain. The Edwards, Buda, Austin
Chalk, and Leona Formation aquifers are in hydraulic communication within the western
subdivision.
Additional water-bearing units are not sufficiently extensive in Uvalde County to
constitute significant water resources to merit a drought contingency plan. Trinity and
Edwards-Trinity aquifer wells are not extensive in Uvalde County and mostly limited to
locations near streams and rivers. Occasionally wells are successfully drilled into
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geological units such as the igneous intrustions, Anacacho Formation, and Escondido
Formation, but these wells remain the exception.
Suggested zones for the drought contingency plan in Uvalde County, therefore include:
(i) the eastern subdivision, (ii) western subdivision-Edwards Aquifer, (iii) western
subdivision-Buda/Austin Chalk aquifers, and western subdivision-Leona Formation
Aquifer. Because the Edwards Aquifer drought management is administered by the
Edwards Aquifer Authority, no assessment of drought management of the Edwards
Aquifer for either the western or eastern subdivisions is provided here.
Uvalde County Hydrogeological Setting
The recent assessment of secondary aquifers in Uvalde County provides a technical
foundation on which to establish triggers for each aquifer (Green et al., 2009b).
Following is summary description of the secondary aquifers in Uvalde County.
Descriptions are focused on the extent of each aquifer including lateral and vertical
boundaries.
Buda Aquifer
Buda Aquifer wells are found in the western subdivision to the south of the Edwards
Recharge Zone where down-to-the-southeast normal faulting and a high water table allow
for sufficient saturated Buda Limestone to act as an aquifer (Figure 2). The Buda Aquifer
extends west as far as the Nueces River beyond which the basal elevation of the Buda
Limestone rises above the water table. The eastern limit of the Buda Aquifer parallels the
southwest flank of the Uvalde Salient near the City of Uvalde. The southern extent of the
Buda Aquifer to the southwest and south of the city of Uvalde is limited by poor quality
water (i.e., total dissolved solids in excess of 1,000 mg/l).
The Buda Aquifer is hydraulically connected with the Edwards and Austin Chalk aquifers
in the western subdivision (Green et al., 2009b). Similar hydraulic heads and similar
water chemistry among the three aquifers support the characterization that groundwater
flows unimpeded through and among the three aquifers in the western subdivision. The
Buda Aquifer (with the Austin Chalk Aquifer) provides recharge to the Leona Formation
Aquifer at the headwaters of the Leona River near Highway 90 in Uvalde, although the
exact structure of the subsurface at the point of recharge is complex and not clearly
delineated. The Buda Aquifer also recharges the Leona River and possibly the Leona
Formation Aquifer near where Highway FM 140 crosses the Leona River.
Austin Chalk Aquifer
That portion of the Austin Chalk Aquifer in the western subdivision in which significant
wells are found extends from slightly west of the Nueces River in the west to the city of
Uvalde in the east (Figure 2). Similar to the Buda Aquifer, the Austin Chalk Aquifer
parallels the western flank of the Uvalde Salient to the south of the city of Uvalde. The
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southern extent of the Austin Chalk Aquifer is limited by poor quality water and the
northern limit of the Austin Chalk Aquifer is limited by the Balcones Fault Zone.
The Austin Chalk Aquifer plays an important role in the hydraulics of the Nueces River.
The Nueces River exits the Edwards Aquifer recharge zone at approximately 955 ft msl,
which is higher than the Edwards Aquifer potentiometric surface in the Uvalde pool
under most expected conditions. Consequently, the Nueces River has no base flow south
of the Edwards Aquifer recharge zone and only flows south of the Edwards Aquifer
recharge zone during storm events. The Nueces River regains baseflow downstream
where the river is recharged from the Austin Chalk Aquifer at Soldiers Camp (or Rose)
Springs and other unnamed springs. Water discharged to the Nueces River via the Austin
Chalk Aquifer originates in the Edwards Aquifer and discharges at Soldiers Camp
Springs at approximately 855 to 860 ft msl (Green et al., 2009b; Barnes, 1983) (Figure
3). The unnamed springs downstream from Soldiers Camp Springs discharge to the
Nueces River at approximately 840 ft msl, and appear to be the farthest downgradient
opportunity for Edwards Aquifer to discharge into the Nueces River (Figure 3).
Flow is observed in the Nueces River beginning at Solders Camp Springs under most
conditions even when no flow is observed upstream. A U.S. Geological Survey gauging
station on the Nueces River (Gauging Station 12110103) is located approximately 6 miles
downstream from the southern limit of where the Austin Chalk Aquifer discharges to the
Nueces River. Mean monthly discharge has been recorded at this station since 1939 and
has been zero only at times during the drought of the 1950s (Table 1). Comparison of
Edwards Aquifer water level recorded at J-27 (Figure 4) with discharge measured at the
U.S. Geological Survey gauging station indicates that river flow ceased when the water
level dropped below approximately 842 ft msl, with some exceptions. Exceptions
occurred after large precipitation events that provided storm surge flow to the Nueces
River and not to discharge from the Edwards Aquifer as base flow.
Based on this conceptualization, discharge from the Austin Chalk Aquifer to the Nueces
River will diminish when groundwater elevations decrease below the locations of spring
discharge. This elevation is 855 to 860 ft msl at the upstream end and at approximately
840 ft msl at the downstream end of the Austin Chalk Aquifer outcrop in the Nueces
River.
Leona Formation Aquifer
Essentially all substantial alluvial wells in Uvalde County are in the gravels of the Leona
Formation in the Leona River floodplain (Green et al., 2009b). The most prolific of these
wells (i.e., > 800 gpm) are located in a paleo-stream channel on the east side of the Leona
River from the city of Uvalde south to the Zavala County line, although there are a
limited number of large wells (i.e., 500 gpm) in the floodplain to the west of the Leona
River (Green, et al., 2008a). There are approximately 50 high capacity wells (~800 gpm)
in the Leona Formation gravels in the Leona River floodplain (V. Hildebran, personal
communication).
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A previous investigation by Green et al., (2008b) concluded that the Leona Formation
gravels in the Leona River floodplain are recharged from the Buda and Austin Chalk
Aquifers at two or three locations between Highway 90 and Fort Inge. Geologic structure
is complex in this area, however inspection of the state geologic map and field
observations indicate the gravels are in contact with either the Buda or Austin Chalk
aquifers near Highway 90, with the Buda Aquifer where Highway FM 140 crosses the
Leona River, and with the Austin Chalk Aquifer near the dam south of Fort Inge. The
source for the Buda and Austin Chalk aquifer water was interpreted to be the Edwards
Aquifer (Green et al., 2009b). No sources of recharge to the Leona Formation gravels
farther downstream than near the dam south of Fort Inge have been identified.
The Leona Formation gravels are not deep and can only be recharged by groundwater
from underlying aquifers when the elevation of groundwater is as high as or higher than
the elevation of the gravels. Because the base of the Leona Formation gravels is
encountered at a depth of no greater than 65 ft below the Leona River floodplain ground
surface (C. Spurgeon, personal communication), the base of the gravels is approximately
825 ft msl near Highway 90 (where ground elevation is approximately 890 ft msl) and is
approximately 800 ft msl near Ft Inge (where ground elevation is approximately 865 ft
msl). Wells in the deeper Leona Formation gravels in the Leona River floodplain did not
go dry during the 1950s drought of record (V. Hildebran, personal communication). This
provides evidence that at least some of the Leona Formation gravels in the Leona River
floodplain are recharged at elevations lower than 811 ft msl, the historic low water level
recorded at Uvalde index well J-27 on April 13, 1957.
Two observations can be made from this hydraulic characterization of the Leona
Formation gravels. First, recharge of the gravels in the Leona River floodplain during the
drought of record apparently occurred near Ft Inge where groundwater was above the
elevation of the base of the Leona Formation gravels and did not occur near Highway 90
where the gravels were dewatered. Second, recharge of the Leona Formation gravels
starts to be curtailed when the groundwater elevation at J-27 becomes lower than
approximately 855 ft msl. This second observation assumes the Leona Formation gravels
are 10-ft thick and that the base of the gravels could be as high as 845 ft msl near
Highway 90 which is 10 ft above the maximum depth of the base of the gravels.
Assessment of Drought Triggers
Triggers used in drought management can be predicated on a variety of indicators.
Typical indicators are groundwater elevation, surface-water flow, drought indices, spring
discharge, precipitation, and reservoir stage, although other factors or indicators could be
possible. Environmental and hydrogeological characteristics that are specific to the area
of investigation are used to determine which indicators are appropriate as drought
triggers. Spring discharge and surface-water reservoir stage are not credible candidates
drought triggers for Uvalde County. The relative merits of groundwater elevation,
surface-water flow, and drought indices are explored in this section.
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Groundwater Elevations at Index Well Drought Triggers
Uvalde index well J-27 has been used as an indicator of drought stage for the Edwards
Aquifer by the Edwards Aquifer Authority since the mid-1990s. Index well J-27 is
located in the central portion of the western subdivision of Uvalde County and provides a
representative measure of groundwater elevation in the western subdivision. Because the
secondary aquifers are in direct hydraulic communication with the Edwards Aquifer in
the western subdivision, index well J-27 is a valid candidate to provide trigger data for
the Buda, Austin Chalk, and Leona Formation aquifers in the western subdivision, even
though J-27 is completed in the Edwards Aquifer and not in any of the secondary
aquifers. The long-term average elevation of groundwater measured at J-27 is 874 ft msl
for the period January 1, 1060 to April 26, 2010 and 869 ft msl for the period October 24,
1940 to April 26, 2010.
Trigger levels can be used to inform when a water resource becomes threatened by
reduced recharge or low water levels. For the Buda, Austin Chalk, and Leona Formation
aquifers in the western subdivision, water elevations observed at Uvalde index well J-27
can indicate when the groundwater elevation in these three aquifers is sufficiently low to
potentially adversely affect the water resource.
The three secondary aquifers in the western subdivision can be adversely affected by
reduced recharge or low water levels in two ways. The first way is that wells in the
secondary aquifers in the western subdivision could be threatened or rendered inoperative
by excessively low groundwater elevations. The second way is that groundwater
elevations in the secondary aquifers in the western subdivision are sufficiently low that
water is not discharged to either: (i) the Nueces River at Soldiers Camp Springs and
related springs on the Nueces River or (ii) the Leona Formation aquifer in the Leona
River floodplain. This second effect is of importance to downstream users because
discharge to the Nueces River and the Leona Formation Aquifer in the Leona River
floodplain provide most of the recharge to the southwestern segment of the CarrizoWilcox Aquifer (Green et al., 2008b).
Available records for Buda and Austin Chalk wells in the western subdivision are
compiled in Tables 2 and 3. Listed in these tables are ground elevation, depth of well, and
bottom of well elevation. There were 17 wells in Austin Chalk Aquifer and three wells in
the Buda Aquifer in the Texas Water Development Board database with well depth
information. Ten of the Austin Chalk wells have depths above 789 ft msl. The three Buda
wells have depths of approximately 750 ft msl. By comparison, Edwards Aquifer wells
are significantly deeper. A sampling of eight Edwards Aquifer wells in the vicinity of the
Buda Aquifer and the Austin Chalk Aquifer wells indicated that Edwards Aquifer wells
have depths below 450 ft msl, and many are significantly deeper (Table 4).
Tables 2, 3, and 4 indicate that Buda and Austin Chalk aquifer wells will be more
vulnerable to low groundwater elevations than Edwards Aquifer wells. If it is assumed
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that well pumps are set five feet above the well bottom and that sixty feet of drawdown is
required for reasonable pumping capacity, then the groundwater elevation at which the
well would conceivably begin to become impacted is at an elevation of 65 feet above the
bottom of the well. The impact elevations for Austin Chalk Aquifer wells are indicated in
Table 2. Similar assessments are made for the Buda (Table 3) and Edwards (Table 4)
aquifers.
Tables 1, 2 and 3 indicate that impact elevations for the Austin Chalk Aquifer wells are
above the impact elevations for the Buda Aquifer wells which, in turn, are above the
impact elevations for the Edwards Aquifer wells. These quantified impact elevations are
consistent with the local hydrostratigraphy in which the Austin Chalk Aquifer is above
the Buda Aquifer which is above the Edwards Aquifer. These data clearly demonstrate
that Austin Chalk Aquifer wells are more vulnerable to drought and lowered groundwater
elevations than either Buda or Edwards aquifer wells in the western subdivision. Austin
Chalk Aquifer wells with well depth elevations of 800 ft msl or higher do not provide
sixty feet of drawdown even under normal groundwater elevation conditions. These
shallow Austin Chalk Aquifer wells are mostly domestic or stock wells with limited
pumping capacity, therefore sixty feet of drawdown is probably not necessary. However,
the shallow depths of theses domestic and stock wells render them vulnerable to
relatively modest lowering of the groundwater elevations.
The history of groundwater elevation recorded at Uvalde County Index Well J-27 was
evaluated to determine percentages of time when candidate trigger levels at J-27 were
reached. These percentages were calculated for two periods, one which included the
drought of record (October 24, 1940 to April 26, 2010) and one in which the drought of
record was not included (January 1, 1960 to April 26, 2010). Candidate trigger levels
evaluated are 845, 850, 855, 860, and 865 ft msl. These calculated percentages provide a
measure of the frequency at which each trigger level might reasonably be expected to be
reached in the future under similar hydrological conditions to those conditions for the two
periods of assessment.
For example, from October 24, 1940 until April 26, 2010 (25,387days), the groundwater
elevation at J-27 was above 865 ft except for 16 periods totaling 5,665 days. This equates
to 22.3% of the time. Similarly, for the period of January 1, 1960 to April 26, 2010, the
number of days was 18,379 days. The total number of days when J-27 was below 865 ft
msl during this time was 2,024 which equates to 11.0%. Percentages of time during
which the J-27 was below 865, 860, 855, and 845 ft msl for the two periods are
summarized in Table 5.
River Flow Drought Triggers
River flows can provide key information important to drought status. The use of river
discharge has been proposed as a drought severity indicator in the Draft Real Edwards
Conservation & Reclamation Drought Contingency Plan. Spring discharge, which
contributes directly to river flow, is used as a drought severity trigger by the Edwards
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Aquifer Authority and the Barton Springs Edwards Aquifer Conservation District. River
flow measurements were evaluated to determine whether they could be used as indicators
of drought severity. For example, could diminished flow in rivers that recharge the
Uvalde sub-basin be a pre-cursor for drought conditions in groundwater resources if low
flow persists for a sufficiently long period? U.S. Geological Survey river gauging stations
in the study area are listed in Table 6 and illustrated in Figure 5.
River gauges on the Dry Frio River near Reagan Wells, Frio River at Concan, Nueces
River at Laguna, and West Nueces near Brackettville are located near where these rivers
enter the Edwards Aquifer recharge zone. River gauges on the Dry Frio River at FM 2690
near Knippa, Frio River below the Dry Frio River near Uvalde, and Nueces River below
Uvalde are located downstream from where the rivers exit the Edwards Aquifer recharge
zone. The gauging station on the Leona River is located downstream from the Edwards
Aquifer recharge zone. The Leona River headwaters are downstream from the Edwards
Aquifer recharge zone; therefore the Leona River does not provide recharge to the
Edwards Aquifer. Baseflow in the Leona River is actually discharge from the Edwards
Aquifer via either the Buda or Austin Chalk aquifers.
Gauging stations on the Nueces River near Laguna, the Dry Frio River near Reagan
Wells, and the Frio River near Concan, are the most promising candidates for measuring
flow into the Edwards Aquifer recharge zone in the study area. As an example, discharge
data from the gauging station at the Nueces River at Laguna (08190000) were evaluated
for the period 1923 to 2010 to assess the merit of river discharge data as a drought
severity indicator (Figure 6). The full range of monthly average data is presented in
Figure 6. Data cropped at 250 cubic feet per second (cfs) are illustrated in Figure 7 to
provide greater detail of low flow measurements.
As illustrated in Figure 7, the average monthly data are highly variable and do not appear
useful as a drought severity indicator. A 12-month moving average of the average
monthly data is presented in Figure 8 in an attempt to discern a coherent trend in the
discharge data. The monthly data are presented as blue dots. The 12-month moving
average is presented by the purple dots and lines. Month 400 is approximately October
1957. The 12-month moving average dipped below 50 cfs about 10 times during this
period of record, at months 18 (March 1924), 67 (April 1929), 115 (April 1933), 261
(June 1945), 322 (July 1950), 372 (October 1954), 479 (September 1963), 672 (October
1979), 725 (February 1984), and 1021 (November 2008). The month/year times are
indicated in parentheses after the month number.
Circles have been added to the graph of water elevation at J-27 in Figure 4 at times (i.e.,
month/date) July 1950, October 1954, September 1963, October 1979, February 1984,
and November 2008 to indicate when the 12-month moving average of river decreased
below 50 cfs. As illustrated, these times are only marginally correlated with periods
entering low groundwater elevations in the western subdivision. Based on this
assessment, river discharge does not appear to be a useful indicator of drought severity in
Uvalde County.
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Drought Severity Index Drought Triggers
Drought severity indices are used as trigger indicators in drought contingency plans by
Lone Wolf Groundwater Conservation District and Hickory Underground Water
Conservation District. The latter plan uses the Texas Palmer Drought Index to indicate
when the district has reached the level of Mild Drought Conditions, Moderate Drought
Conditions, or Severe Drought Conditions. Although the Texas Palmer Drought Index is
probably the most common drought severity index, other indices are available including
the CPC Soil Moisture Model Percentiles, U.S. Geological Survey Weekly Streamflow
Percentiles, Standardized Precipitation Index, and the Satellite Vegetation Index. The
National Integrated Drought Information System for Texas is expressed relative to these
categories.
The following description of the Palmer Index is provided by NOAA at
http://www.drought.noaa.gov/palmer.html (accessed on April 26, 2010). The Palmer
Index relies on temperature and rainfall information in a formula to determine dryness
and is most effective in determining long-term drought (i.e., several months) rather than
short-term forecasts (i.e. at most a few weeks). It designates a 0 as normal, and drought is
shown in terms of minus numbers; for example, minus 2 is moderate drought, minus 3 is
severe drought, and minus 4 is extreme drought. The Palmer Index can also reflect excess
rain using a corresponding level reflected by plus numbers; i.e., 0 is normal, plus 2 is
moderate rainfall, etc. The advantage of the Palmer Index is that it is standardized to local
climate, so it can be applied to any part of the country to demonstrate relative drought or
rainfall conditions. Drought indices are useful in the absence of local quantifiable
measures. The use of a drought index is not recommended for Uvalde County unless an
acceptable local quantifiable measure is unavailable.
Drought Stages
Drought contingency plans usually have three to five levels of drought severity. Typical
categories for three-level systems are mild conditions, moderate conditions, and severe
conditions (Lone Wolf Groundwater Conservation District Drought Contingency and
Emergency Water Demand Management Plan). Typical categories for five-level systems
are abnormally dry, moderate drought, severe drought, extreme drought, and exceptional
drought (Real Edwards Conservation & Recreation District Draft Drought Contingency
Plan), although more prescriptive terms such as no drought, alarm, critical stage,
exceptional drought, and emergency response (Barton Springs Edwards Aquifer
Conservation District Drought Management Program) can be assigned. Drought stages
for the Uvalde Pool of the Edwards Aquifer are reproduced in Table 7 from the Edwards
Aquifer Authority Act, as amended (http://www.edwardsaquifer.org/files/EAAact.pdf
accessed on April 29, 2010).
The Edwards Aquifer Authority Act designates four critical period stages, increasing
from I to IV with drought severity, although no criteria are assigned to Critical Stage I,
thereby effectively only assigning three Critical Stages, II, III, and IV. Uvalde Index Well
J-27 trigger levels assigned to the three critical stages are 850, 845, and 842 ft msl,
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respectively. Analysis results from Table 5 indicate that water levels at J-27 since the
drought of record were lower than 850 ft msl only 0.2 percent of the time and were never
as low as 845 or 842 ft msl. If the time of analysis is extended back until 1940 to include
the drought of record, then the water level at J-27 was lower than 850 ft msl 9.6 percent
of the time and lower than 845 ft msl 8.8 percent of the time. The Uvalde Pool has not
been in any of the critical stages since the enactment of the Edwards Aquifer Authority in
1993.
Candidate Drought Triggers
Based on the assessment performed in this study, water-elevation measurement at Index
Well J-27 is recommended to be the best candidate to provide an indicator of drought
severity in the Uvalde sub-basin. Drought is manifested in Uvalde County by wells that
go dry, reduced recharge to the Leona Formation aquifer in the Leona River floodplain,
and reduced discharge from the Austin Chalk springs on the Nueces River, most notably
the Soldiers Camp Springs. Only extreme drought, similar to the severity of the drought
of record, will impact the deeper Edwards Aquifer wells.
The hydrogeology as described in this document and related documents (Green et al.,
2006, 2008a,b,c, 2009a,b,c,d) provides guidance for identifying specific drought triggers
using Index Well J-27 that identify when wells and secondary aquifers are impacted. A
lowering of groundwater in the Uvalde sub-basin will first impact the shallowest Austin
Chalk Aquifer wells. Even if the minimum allowed drawdown for domestic Austin Chalk
Aquifer wells is decreased from 60 feet to 10 feet, there are wells that will begin to
become impacted when groundwater elevation at J-27 approaches 860 ft msl. Further
lowering of the groundwater elevation will increase the number of Austin Chalk Aquifer
wells that are impacted (i.e., dewatered) and further lowering of groundwater will begin
to impact wells in the Buda Aquifer.
Below a groundwater elevation of 860 ft msl at J-27, recharge to the Leona Formation
gravels begins to decline as the gravels become dewatered near Highway 90. Increased
lowering of groundwater results in additional dewatering of the Leona Formation gravels
and reduced recharge to the Leona Formation Aquifer in the Leona River floodplain.
Anecdotal evidence from the drought of record of the 1950s indicates that the Leona
Formation Aquifer received at least some recharge even when the groundwater elevation
was at its historical low of 811 ft msl (V. Hildebran, personal communication), however,
wells located in areas where the Leona Formation gravels are shallow will begin to
dewater when recharge is only moderately curtailed (i.e., groundwater is lowered below
860 ft msl).
Soldiers Camp Springs issue from the Austin Chalk Aquifer to the Nueces River at
approximately 860 ft msl. Discharge from the springs will decline when groundwater
elevation approaches this elevation. At groundwater elevations below 860 ft msl,
discharge from Soldiers Camp Springs stops and all discharge from Austin Chalk springs
that discharge to the Nueces River ceases when the groundwater elevation is
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approximately 842 ft msl or lower. There is no discharge from the Austin Chalk Aquifer
to the Nueces River when groundwater elevation at J-27 is lower than 842 ft msl.
Drought Contingency Measures
Drought contingency measures are assigned to each drought stage. Common measures
include decreased pumping, decreased usage, and mandatory conservation actions. The
high level of hydraulic communication between the Edwards Aquifer and the secondary
aquifers in the western subdivision poses a potential incompatibility if the drought
triggers of the Edwards Aquifer differ from the triggers for the secondary aquifers. For
example, it would not be effective to engage drought contingency measures for the
secondary aquifers in the western subdivision if the Edwards Aquifer contingency
measures are not engaged because wells from both the Edwards Aquifer and the
secondary aquifers draw from the same pool of water. Only limited or minimal
conservation of groundwater resources would be realized if drought contingency
measures are engaged for the secondary aquifers while at the same time withdrawals
from the Edwards Aquifer continue unabated.
The Edwards Aquifer Authority Act stipulates that drought contingency measures for the
Uvalde Pool are reductions in withdrawal of 5, 20, and 35 percent for Critical Stages, II,
III, and IV, respectively. The Barton Springs Edwards Aquifer Conservation District
Drought Management Plan designates pumping curtailment of 20, 30, 40, and 40 percent
for public water supplies for their four stages of drought. Non-public water supply
curtailment is 20, 30, 40, and 100 percent for the four stages of drought. Other drought
contingency plans, for example the Lone Wolf Groundwater Conservation District
Drought Contingency and Emergency Water Demand Management Plan, identify specific
conservation actions, such as a prohibition of all outside watering, but do not identify
specific withdrawal reduction target for each drought stage.
Summary
The hydrogeology of Uvalde County was assessed to develop a candidate Drought
Contingency Plan for the secondary aquifers in Uvalde County, Texas for use by the
Uvalde County UWCD. Several tasks were undertaken in the conduct of this project. The
county aquifer region was divided into two zones for purposes of drought management,
one zone to the west and one zone to the east of the Knippa Gap. The eastern subdivision
contains only the Edwards Aquifer and is not affected by this drought contingency plan.
The western subdivision includes significant areas with the Buda, Austin Chalk, and
Leona Formation aquifers in addition to extensive Edwards Aquifer.
The effect of drought was assessed for the Buda, Austin Chalk, and Leona Formation
aquifers in the Uvalde sub-basin. Drought is manifested in Uvalde County by wells that
go dry, reduced recharge to the Leona Formation aquifer in the Leona River floodplain,
and reduced discharge from the Austin Chalk springs on the Nueces River, most notably
the Soldiers Camp Springs. Only extreme drought, similar to the severity of the drought
of record, will impact the deeper Edwards Aquifer wells. Assessment of the
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hydrogeology and relative elevations of geologic structures indicates that Leona
Formation Aquifer in the Leona River floodplain experiences loss of recharge when
groundwater drops below approximately 865 ft msl. Similarly, the Nueces River begins
to experience decreased recharge from Soldiers Camp Springs and other springs in the
Nueces River when groundwater elevations approach 860 ft msl. Inspection of Austin
Chalk Aquifer wells indicates that these wells, particularly the shallower domestic and
livestock wells, also begin to become impacted when groundwater approaches 865 ft msl.
The drought contingency plans of six conservation districts or water authorities were
evaluated as part of this project. Typically, three to five drought stages are designated in
the drought contingency plans. A variety of drought severity triggers were used in the
plans, including index well water-level measurement, spring discharge, river flow, and
drought severity indices.
The relative merits of indicators of several drought severity indicators were evaluated to
determine their usefulness as triggers of drought stage for Uvalde County. River flow and
drought indices were evaluated and found to be inadequate as indicators or triggers for
Uvalde County. The Uvalde County index well, J-27, was determined to be the best
candidate for a trigger of drought severity in Uvalde County. Although index well J-27 is
located in the Edwards Aquifer, past studies of the Uvalde sub-basin clearly demonstrate
that the Buda, Austin Chalk, and Leona Formation aquifers are in hydraulic
communication with the Edwards Aquifer in the Uvalde sub-basin, therefore, J-27
qualifies to measure groundwater elevations in the secondary aquifers even though it is
located in the Edwards Aquifer.
Seventy years of water levels measured at J-27 provide a substantial record of the
response of the Uvalde sub-basin to the drought of record of the 1950s and the impact of
pumping that has varied during the period of record. This record allowed calculation of
the percentage time that specific water elevation triggers in J-27 were attained during the
70-year period of record. Candidate trigger levels for J-27 included 845, 850, 855, 860,
and 865 ft msl. Percentages when these triggers were attained in the past were calculated
for the period of 1940 to 2010, which included the drought of record, and the period of
1960 to 2010 for comparison. If the drought of record is included in this calculation, 845
ft msl would have been attained 8.8 percent of the time and 865 ft msl would have been
attained 22.3 percent. Similarly, if the only the period of 1960 to 2010 was considered,
865 ft msl would have been attained 11 percent of the time and elevations of 855 ft msl
land lower would have been attained less than one percent of the time.
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Tables
Table 1. Monthly average discharge measured at Nueces River gauging station 12110103
by the U.S. Geological Survey for the years 1950 to 1959. Taken on March 13, 2009
from:
http://waterdata.usgs.gov/nwis/monthly/?referred_module=sw&site_no=08192000&por_
08192000_1=1786,00060,1,1939-04,2009-02&start_dt=1950-01&end_dt=195912&format=html_table&date_format=YYYY-MMDD&rdb_compression=file&submitted_form=parameter_selection_list
YEAR
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

Jan
28.5
5.85
0.00
0.00
0.00
0.00
2.18
0.00
2.29
119.7

Feb
24.5
4.64
0.00
0.00
0.00
0.00
0.845
0.00
1.95
78.1

Mar
20.1
4.83
0.00
0.00
0.00
0.00
0.00
0.00
59.4
56.4

Discharge, cubic feet per second
Apr May Jun Jul Aug Sep
17.2 14.7 12.9 10.8 6.27 7.73
3.34 5.59 2.44 0.00 0.00 0.00
0.00 48.6 3.67 0.129 0.00 0.00
0.00 0.00 0.00 0.00 0.00 167.9
0.00 155.3 649.0 92.4 5.72 1.89
0.00 0.00 0.00 1.07 0.065 2,456
0.00 0.00 0.00 0.00 0.00 0.00
9.56 146.7 141.8 11.6 5.70 4.16
31.5 17.1 3,496 194.4 44.0 1,601
41.4 58.0 615.0 378.2 152.9 318.4
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Oct
7.95
0.574
0.00
3.25
1.48
28.8
0.00
4.15
405.9
832.7

Nov
5.94
0.463
0.00
1.33
0.617
8.09
0.00
2.94
380.0
170.5

Dec
6.49
0.00
0.00
0.00
0.245
3.26
0.00
2.04
196.4
114.5

Table 2. Austin Chalk Aquifer wells elevations. Data are taken from the Texas Water
Development Board website on April 23, 2010. The impact elevation is calculated as the
well depth elevation plus five feet for the pump height above the well bottom and 60 feet
of available drawdown.
Well
Latitude Longitude Ground
Well
Well
Number
Elevation Depth
Depth
(ft, msl)
(ft)
Elevation
(ft, msl)
6950414 291031
995123
972
275
697
6950803 290957
994920
930
120
810
6950512 291003
994829
920
250
670
6950905 290935
994657
908
120
788
6950508 291045
994948
918
120
798
6950505 291034
994827
908
85
823
6950509 291038
994835
912
82
830
6950510 291029
994843
920
145
775
6950403 291128
995013
918
200
718
6950405 291208
995153
947
158
789
6950413 291213
995145
955
169
786
6950412 291211
995120
944
220
724
6950409 291211
995024
925
250
675
6950411 291226
995026
928
130
798
6950107 291318
995034
929
146
783
6950511 291029
994946
925
330
595
6950514 291030
994946
925
300
625

Impact
Elevation
(ft, msl)
762
875
735
853
863
888
895
840
783
854
851
789
740
863
848
660
690

Table 3. Buda Aquifer wells elevations. Data are taken from the Texas Water
Development Board website on April 23, 2010. The impact elevation is calculated as the
well depth elevation plus five feet for the pump height above the well bottom and 60 feet
of available drawdown.
Well
Latitude Longitude Ground
Well
Well
Number
Elevation Depth
Depth
(ft, msl)
(ft)
Elevation
(ft, msl)
6950618 291138
994547
901
144
757
6950607 291052
994536
882
117
765
6942913 291509
994652
962
220
742
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Impact
Elevation
(ft, msl)
822
830
807

Table 4. Edwards Aquifer wells elevations. Data are taken from the Texas Water
Development Board website on April 23, 2010. The impact elevation is calculated as the
well depth elevation plus five feet for the pump height above the well bottom and 60 feet
of available drawdown.
Well
Latitude Longitude Ground
Well
Well
Number
Elevation Depth
Depth
(ft, msl)
(ft)
Elevation
(ft, msl)
6950802 290855
994903
960
1083
-123
6950601 291105
994721
888
562
326
6950410 291137
995125
931
1124
-193
6950401 291156
995140
939
900
39
6950403 291128
995013
918
536
382
6950503 291203
994911
910
527
383
6950204 291314
994930
927
475
452
6950108 291306
995203
955
1402
-447

Impact
Elevaion
(ft, msl)
-58
391
-128
104
447
448
517
-382

Table 5. Percentages of time that candidate trigger levels have been reached at J-27
Trigger Levels (ft, msl)
10/24/1940-4/26/2010
1/1/1960-4/26/2010

845
8.8
0.0

850
9.6
0.2

855
10.6
0.7

860
13.6
3.3

865
22.3
11.0

Table 6. U.S. Geological Survey river gauging stations in the study area
Station
08196000
08196300
08197500
08195000
08204005
08203450
08190000
08192000
08190500

Latitude
29°30'16"
29°22'25"
29°29'18"
29°29'18"
29°09'15"
29°20'43"
29°25'42"
29°07'25”
29°28'51.9"

Longitude
99°46'52"
99°42'15"
99°42'16"
99°42'16"
99°44'35"
99°44'56"
99°59'49”
99°53'40"
100°14'21"

River Gauging Station Name
Dry Frio River near Reagan Wells
Dry Frio River at FM 2690 near Knippa
Frio River below Dry Frio River near Uvalde
Frio River at Concan
Leona River near Uvalde
Leona River at CR 429A near Uvalde
Nueces River at Laguna
Nueces River below Uvalde
West Nueces River near Brackettville
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Table 7. Drought stages for the Uvalde Pool of the Edwards Aquifer specified in the
Edwards Aquifer Authority Act, as Amended
Withdrawal ReductionUvalde Pool
N/A
5%
20%
35%

Index Well J-27 Level (msl)

Critical Period Stage

N/A
<850
<845
<842

I
II
III
IV
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Figure 1. Map of Uvalde County. The county is divided into the western and eastern
drought zone subdivisions (denoted with the dashed blue boundary lines)
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Figure 2. Extent of secondary aquifers in Uvalde County
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Soldiers Camp Springs
860 ft msl
Austin Chalk

Un-named Springs
840 ft msl

Figure 3. Geology in southern Uvalde County illustrating the locations of Soldiers Camp
Springs and other un-named springs that issue from the Austin Chalk Aquifer to the
Nueces River (base map from Barnes, 1983)
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Figure 4. Groundwater elevation at Uvalde County Index Well J-27 for the period 1940
to 2010 (Data from the Edwards Aquifer Authority). Blue circles indicate times when 12month moving average of river discharge of Nueces River at Laguna (08190000)
decreased below 50 cfs.
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Figure 5. Locations of U.S. Geological Survey river gauging stations in the study area
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Figure 6. Average monthly discharge data from the U.S. Geological Survey gauging
station on the Nueces River at Laguna (08196000) (U.S. Geological Survey website
http://waterdata.usgs.gov/nwis/nwisman/?site_no=08196000 was accessed on April 27,
2010)
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Figure 7. Average monthly discharge data from the U.S. Geological Survey gauging
station on the Nueces River at Laguna (08196000). Data were cropped at 250 cfs to
provide higher resolution of lower discharge rates. (U.S. Geological Survey website
http://waterdata.usgs.gov/nwis/nwisman/?site_no=08196000 was accessed on April 27,
2010)
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Figure 8. Average monthly discharge data from the U.S. Geological Survey gauging
station on the Nueces River at Laguna (08196000). Data were cropped at 250 cfs to
provide higher resolution of lower discharge rates. The data are presented with a 12month moving average. The monthly data are presented as blue dots. The 12-month
moving average is presented by the purple dots and lines. Month 400 is approximately
October 1957. (U.S. Geological Survey website
http://waterdata.usgs.gov/nwis/nwisman/?site_no=08196000 was accessed on April 27,
2010.).
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