
Status of Drought Briefing: May 2022 

 

Maps: 

Below are the latest maps including the US Drought Monitor map for Texas and the Palmer Hydrological 
Drought Index map. The US Drought Monitor map indicates that our District is within drought condition 
“Severe Drought” and the Palmer Hydrological Drought Index indicates “Moderate Drought” conditions. 
These maps have been collected and will be part of the District’s 2022 Annual Report. 

District Drought Triggers: 

As of May 2nd, the Pedernales River drought trigger indicates 30+ consecutive days of discharge flows 
below the drought stage ‘Alarm’. The Blanco River drought trigger indicates 30+ consecutive days of 
discharge flows below the drought stage ‘Alarm’. To move into drought stage ‘Alarm’, both rivers must 
have 30 consecutive days of flow below the drought stage. The District’s third trigger, the Palmer 
Hydrological Drought Index, shows ‘Moderate Drought’ conditions. 

Recommended Drought Stage: 

The drought recommendation for HTGCD is to move into “Alarm” stage and apply a 20% drought 
curtailment district-wide. 

 

 

 

Jacob’s Well Groundwater Management Zone Drought Triggers: 

At the end of every month, the average discharge rate at Jacob’s Well is calculated in order to determine 
which drought cutback amount will be applied to the Jacob’s Well GMZ for the following month. The 
running 10-day average as of April 30th indicates that the discharge at Jacob’s Well is 2.64 cubic feet per 
second. The trigger for the 30% Curtailment is an average discharge below 3 cubic feet per second. 



 

Recommended Drought Curtailment for Jacob’s Well GMZ: 

The drought recommendation for the Jacob’s Well GMZ is to apply a 30% Curtailment for the month 
of May. 

 

 

NOAA Forecasts: 

Temperature – According to the one-month temperature outlook provided by NOAA, there is a 60-70% 
chance that average temperatures will be higher than those typically observed at that time of year. The 
three-month outlook indicates a 40-50% chance that average temperatures will be higher than those 
typically observed at that time of year. 

 

 



Precipitation – According to the one-month precipitation outlook provided by NOAA, there is a 33-40% 
chance that average rainfall rates will be lower than those typically observed at that time of year. The 
three-month outlook indicates a 33-40% chance that average rainfall rates will be similar to those 
typically observed during that time of year. 

 

 

 

Drought – The monthly drought outlook provided by NOAA predicts that drought conditions will persist 
for HTGCD during May 2022. The seasonal drought outlook predicts that drought conditions will persist 
for HTGCD through July 2022. 

 

 



May 2022 Water Level Report  

 

On April 13th & 14th, the District conducted our monthly Monitoring Run to gather water 
level data from our monitor well network. Overall, water levels have declined since the 
previous run in March, with many wells seeing decreases from 7-10 feet. A few wells 
maintained similar water levels.  

Of particular interest are the wells located in the northwestern portion of the District, 
north of Onion Creek and south of Hamilton Pool Road. In August 2020, many of these long-
standing monitor wells were showing historically low water levels. The water levels for these 
wells have also declined for the past month, with decreases of 4-10 feet noted in most wells in 
the area. 

The Hegemier well seems to be an exception: for the month of March, the well saw a 
decline of 12 feet since the previous month. It appears that during April, the water level rose 
about 7 feet back to a depth closer to previous measurements. Residential pumping influence 
should be considered when analyzing water level trends for this well. 

A table of these wells, along with their monthly readings, is included below: 

 

Well Name Well Address Feb. Depth Mar. Depth Change Period of Record 
Skipton Henly Loop 403.03 407.11 -4.08 3 years* 
Roman W. Fitzhugh Rd. 293.62 303.65 -10.03 7 years 

Hegemier Stagecoach Ranch Rd. 250.8 243.0 +7.8 9 years 
Jack Brown Farrell Ln. 410.6 417.4 -6.8 18 years 
Whit Hanks Mt. Gainor Rd. 190.80 196.80 -6.0 19 years 

Henly Church Henly Loop 376.8 380.4 -3.6 22 years 
* The Dedicated Skipton well has a short period of record and is not included in the hydrographs below. 
 

Additionally, the Skipton Dedicated Monitoring Well located in this area saw a slight 
decline in water level in comparison to the other wells, falling 4 feet from the previous month. 
The Skipton well provides a strong data point for current water level trends because we know 
the details of the well’s construction and we can confirm that those water levels are coming 
solely from the Middle Trinity aquifer. 

 The climate and drought indices that the District keeps track of indicate that 
precipitation will be low for the coming months. It is likely that in addition to the typical drops 
in water level during the summer months, we may also see exacerbated declines due to a lack 
of rain events.  
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Aquifer health is assessed by 
comparing a well’s current
water level to its range of water 
levels between 2008 and 2019. 

The western and south-central 
regions still show Middle Trinity 
water levels trending towards 
their lowest levels  since 2009. 
The Dripping Springs and 
Wimberley/Woodcreek (W)
pumping centers are part of 
these low water  levels 
areas. Water levels in Bear Creek 
area wells, however, trend 
towards  their 70 percentile. 

April water levels  have seen
a rate of decline of up to 5 feet 
per week in Lower Trinity 
Aquifer wells north of Dripping 
Springs likely due to increased 
pumping prompted by warm and 
dry weather. The Lower Trinity 
Aquifer in this area is not being
replenished by precipitation 
recharge, and all groundwater 
pumping comes from aquifer 
storage (the aquifer is being 
mined).
 

56-percent of the District
is below the 50th percentile.

Data from April 15-17,  2022. Historical percentiles represent the percent of the maximum
historical value for that well. Historical values are from 2008 - 2019. A percent of 0 would represent the lowest 
historical water level, while 100-percent represents the highest historical water level. Shades of purple represent 
negative values, signifying water levels below the 2008-2019 minimum.

20 percent curtailment
30 percent curtailment



March 2021

During April 2022 the Pedernales River 
mean daily �ows at Johnson City have 
continued their lower-than-normal trend 
with stream�ows consistently below the 
20 percent drought trigger and, more 
recently, even below the 30 percent
drought trigger. 

Jacob’s Well represents aquifer conditions 
within the Cypress Creek watershed and 
is used as a drought and groundwater
health indicator for the Jacob’s Well 
Groundwater Management Zone. During 
April 2022, spring�ow (10-day rolling 
average),  continued to be below the 30 
percent drought trigger.

During April 2022, the Blanco River 
mean daily �ows at Wimberley have 
continued to decline, staying at or below 
the 10 percent drought trigger for the 
entire month. 
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Hays Trinity Groundwater Conservation District Technical Memorandum 2019-0630 
District Drought Trigger Methodology:  
Technical Evaluation and Recommendations 
 
Jeffery Watson, P.G., District Hydrogeologist 

 

 
 
Executive Summary 
The Hays Trinity Groundwater Conservation District (the District) has the statutory mandate to conserve, 
protect, and enhance groundwater resources within its jurisdictional boundaries. A drought trigger 
methodology (DTM) is an important tool to achieve this goal and ensure drought management 
measures are implemented in an equitable and effective manner. The District’s current DTM was 
implemented in 2008, and utilizes river flow from the Blanco and Pedernales Rivers as drought 
indicators, with the optional use of the Palmer Hydrologic Drought Index (PHDI).  

A technical evaluation of the District’s current DTM was conducted to determine its relationship to 
trends in groundwater levels and overall drought conditions. Analysis shows that the Pedernales River 
flow trigger is poorly correlated with groundwater levels in the northern segment of the District. The 
Blanco River drought indicator is more strongly correlated to groundwater levels in the southern 
segment of the District, likely because its baseflow is sustained by springs discharging from the Middle 
Trinity Aquifer (e.g. Pleasant Valley Spring and Jacob’s Well Spring). 

Water levels from monitoring wells are better indicators of groundwater drought than surface water 
flows because they directly reflect aquifer storage conditions.  An evaluation of the district monitoring 
well dataset identified the District’s Skipton Dedicated Monitor Well as an excellent candidate for use as 
a drought indicator. The Skipton well had almost a perfect correlation with the nearby Henly well, which 
in turn is strongly correlated to other wells in the northern part of the district. The strong relationship 
between the Skipton and Henly well levels also allowed construction of a synthetic hydrograph for the 
Skipton well from the Henly well period of record. A statistical analysis on this synthetic period of record 
and the PHDI was used to identify water levels in the Skipton well for use as drought trigger thresholds 
(table ES 1). 

District technical staff offer the following recommendations for changes to the DTM: 

1) Remove the Pedernales River at Johnson City as a drought trigger. Keep the Blanco River 
drought trigger as-is. 

2) Add the Skipton well as a drought trigger with the following water levels (depth to water from 
ground surface) as thresholds for declaring each level of drought: 
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Table ES1- Proposed drought trigger water levels in the Skipton well (feet below ground surface).  

Drought Stage Skipton Well Trigger (ft-DTW) 
No Drought <369 
Alarm 369 
Critical 386 
Emergency 417 

 
3) Remove the DTM requirement of 30 consecutive days below drought trigger for official drought 

declaration. Reduce the DTM requirement for lifting drought from 60 consecutive days to 30 
consecutive days above drought trigger. 

If these recommendations are adopted, technical staff should periodically reevaluate Skipton well water 
level data. If long-term trends in water levels or short-term influence from nearby pumping are 
identified in the data, the District may need to revise trigger levels or consider using a different 
monitoring well as a drought indicator well. 
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Introduction 
The Hays Trinity Groundwater Conservation District (District) has a statutory mandate to conserve, 
protect, and enhance groundwater resources within its jurisdictional boundaries. During times of 
drought, the Trinity Aquifer (the sole aquifer in the District) is subject to large drops in groundwater 
storage and is particularly vulnerable to impacts from pumping. A mandatory pumping curtailment of 
non-exempt groundwater production is a critical tool used by the District to preserve groundwater 
storage and availability during times of drought.  

The District determines when to declare drought –and as result when to implement mandatory pumping 
curtailments— through its drought trigger methodology (DTM). The currently established DTM utilizes 
the Pedernales and Blanco Rivers as drought indicators (figure 1). A drought indicator is “a variable that 
describes the magnitude, duration, severity, and spatial extent of drought” (Steinmann et al., 2005). The 
District’s current DTM utilizes specific flow values at the Pedernales and Blanco River drought indicators 
as drought triggers. Drought triggers “are threshold values of an indicator that distinguish a drought 
level (stage), and determine when management actions should begin and end” (Steinmann et al., 2005).  

This technical memorandum provides an evaluation of the District’s current DTM. Current river flow 
drought indicators are analyzed for their representativeness of aquifer storage conditions in the Trinity 
Aquifer within District boundaries. In addition, recommendations for proposed changes to the DTM are 
presented which could potentially improve the timing of the District’s drought declarations to better 
reflect changes in Aquifer conditions. 
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Regional Climate and Hydrology 

Climate in western Hays County is sub-humid/sub-tropical (Larkin and Bomer, 1983). Average annual 
rainfall is approximately 34 inches/year, with higher monthly rainfall in the spring and fall months.  
Summers months are typically hot and dry (Larkin and Bomer, 1983). In addition to seasonal dry trends, 
the Texas Hill Country has historically been subject to prolonged periods of drought which can last 
multiple years (Diaz, 1983). 

The connection between surface water and groundwater is well documented in western Hays County 
(Wierman et al., 2010; Smith et al., 2014; Hunt et al., 2016; Watson et al., 2018). Groundwater storage 
in the District is closely tied with surface flows, and drops significantly in response to prolonged periods 
of drought and low flow conditions. Aquifer storage can also increase rapidly in response to large rainfall 
events and rapid increases in surface flows.  

Figure 1-Map of HTGCD with locations of drought indicator river flow gages, 
important springs, and district monitoring wells. Yellow circles show locations of 
wells used for linear regression analysis. 
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The Palmer Hydrologic Drought Index (PHDI) is one of several historical drought indices reported by the 
National Oceanic and Atmospheric Administration (NOAA). PHDI measures hydrological components, 
such as groundwater levels, soil moisture, surfaces water flows, reservoir levels of drought on a regional 
scale (NOAA 2019). Negative PHDI values indicate abnormally dry periods and positive values indicate 
abnormally wet periods, with values of <-4 and >+4 representing “extreme drought” and “extreme wet” 
conditions, respectively.  Because groundwater storage conditions in HTGCD are highly responsive to 
regional drought impacts, the PHDI provides a useful metric for comparison to measured water level 
time series within the District.  

Sub-Aquifers 

The Trinity Aquifer is comprised of Early Cretaceous age carbonate rocks (limestone and dolomite). It is 
sub-divided into three sub-aquifers: the Upper, Middle, and Lower Trinity Aquifers (figure 2). The Upper 
Trinity Aquifer consists of the Upper Glen Rose limestone, which is present in surface outcrop over much 
of the District. Groundwater in the Upper Trinity occurs in isolated perched aquifers controlled by the 
presence of confining clay subunits the Upper Glen Rose (Muller 1990; Watson and Broun, 2018). It is 
not a common target of groundwater production within the District. However, in recent years some new 
wells have been drilled in the Deer Lake subdivision east of Wimberley and close to the eastern 
boundary of the district. 

The Middle Trinity Aquifer is the most important sub-aquifer in the District, with the majority of exempt 
and non-exempt production targeting this aquifer. It consists of the Lower Glen Rose, Hensel, and Cow 
Creek units, with the Hammett clay separating it from the Lower Trinity at its base. In most locations the 
Cow Creek is the primary target of production in the District. However, the Lower Glen Rose can also 
produce significant volumes of groundwater in some locations. Most of the District’s monitor wells are 
completed in the Middle Trinity. 

In addition to being the most important sub-aquifer for groundwater production, the Middle Trinity also 
provides source water to Jacob’s Well Spring and Pleasant Valley Spring (figure 1). These large karst 
springs provide base flow to Cypress Creek and the Blanco River, respectively, and are culturally and 
economically important to the Wimberley area.  

The Lower Trinity Aquifer consists of the Sligo (where present) and Hosston units. It generally has lower 
transmissivity and poorer water quality (higher total-dissolved solids and sulfate) than the Middle Trinity 
Aquifer (Wierman et al., 2010). In recent years the Lower Trinity has increasingly been targeted for 
production, particularly along the northern margin of the District.  
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Current District DTM 

The District’s present DTM was implemented in 2008 and is detailed in District Rule 13. The rule states 
that the district will use river flow values reported by the USGS from two rivers: the Blanco River at 
Wimberley (USGS site ID: 08171000) and the Pedernales River at Johnson City (USGS site ID: 08153500) 
(figure 1) as drought triggers. In addition, District Rule 13 states that the district may also reference the 
PHDI as its third trigger. District Rule 13.2.2 states the following criteria for moving into and out of 
drought stage: 

Figure 2-Stratigraphic column of the Trinity Aquifer from 
Wierman et al., (2010). Sub-aquifers are identified on the 
right column. 
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“A: To move into a drought stage, both rivers must flow thirty consecutive days within that 
drought stage trigger.”  

“B. To move out of a drought stage, both rivers must flow sixty consecutive days within the 
lesser drought stage trigger.” 

Once the District has declared a given drought stage in accordance with the DTM, non-exempt permit 
holders are given 30 days from the date of drought declaration to comply with mandatory pumping 
curtailments. This means that under the current DTM, it could take as long as 60 days (30 consecutive 
days below the drought trigger and 30 days for curtailment compliance) for pumping curtailments to be 
achieved after flow values have initially dropped below drought trigger levels.  

The goal of any DTM is to provide a representative measure of the resource being managed. The District 
manages groundwater, and therefore water levels are more representative of aquifer conditions than 
surface water flows. However, at the time of the DTM implementation in 2008, no long-term water level 
records were available for the Trinity Aquifer in Hays County. Long-term records of water levels must be 
available in order to establish specific triggers in a given well. Otherwise, the period of record from 
which the trigger is established may be biased by more recent climatic conditions and not 
representative of a full range of climatic variability. Thus, in 2008 the District utilized a report by Slade 
(2006) to establish the Pedernales and Blanco Rivers, which have very long periods of record, as drought 
indicators.  

The river flow values selected as drought indicators for a given trigger were established by utilizing a 
statistical analysis of historic flow data in Slade (2006). At the time, the District board of directors 
selected the 25th percentile, 10th percentile, and 5th percentile flow thresholds to trigger alarm stage, 
critical stage, and emergency stage drought declaration respectively. Selection of these specific river 
flow percentiles was somewhat arbitrary and not based on any technical or scientific basis (Wierman 
2019, pers comm).  

District Drought Declaration History 

The current DTM was ratified in 2008 and the first official HTGCD drought declaration was made in 
November 2009. Since then the district has declared three discreet periods of drought: May 2011-March 
2012, September 2012-June 2015, and July 2018-November 2018 (figure 3). Periods of HTGCD declared 
drought generally overlap with extended periods of regional drought as denoted by the PHDI; and with 
periods of lower groundwater levels measured in district monitoring wells.  
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This would suggest that, in general, the District’s current DTM has done an acceptable job of mirroring 
groundwater storage conditions in the Trinity. However, during a recent drought in summer 2018, the 
District did not declare drought until July 2018 despite rapidly dropping groundwater levels in the 
preceding months. Water levels in the Henly area reached their lowest measured level in the period of 
record in August 2018, 1 month after initial drought declaration. This apparent delay in drought 
declaration can be attributed to a short-lived flow increase in Pedernales River flow, which subsequently 
delayed drought declaration as prescribed by the District’s current DTM.  

Figure 4 shows the percentage that the district has been in each level of declared drought since 
implementation of District drought declarations. The district has been in declared drought 46 percent of 
the time, with alarm and critical stage drought declarations representing 20 and 26 percent respectively. 
To date the district has not been in emergency stage drought. These percentages contrast with the 
target percentages which the district selected when establishing the original DTM –the original DTM 

Figure 3-History of the District’s drought stage declarations since implantation of the original DTM in 
November 2009. Drought stages are denoted by background color. Hydrographs of selected wells and 
PHDI time series values are included for comparison. 
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defined drought as the bottom 25 percentile of flow values for the entire historical POR—. This suggests 
that drought has been more frequent during the last ten years since DTM implementation than the full 
period of record for the Pedernales and Blanco Rivers. This recent deviation from historic norms may be 
attributable to climate change, which has been shown to increase the frequency of extreme weather 
events such as flooding and prolonged drought (IPCC 2015). 

 

Evaluation of Current HTGCD DTM 
Effectiveness of the Pedernales and Blanco River as groundwater drought indicators depends on river 
flow being representative of groundwater storage in the District.  However, if river flow is poorly 
correlated with groundwater levels, drought declarations based on river flow indicators may not be truly 
representative of aquifer conditions. This could result in delays of necessary drought declarations when 
groundwater levels are rapidly dropping; or in premature drought declarations if groundwater levels 
remain steady while surface flows diminish. 

To evaluate the effectiveness of the present HTGCD DTM, a linear regression analysis was performed 
correlating daily mean Pedernales and Blanco River flows with water levels from district monitoring 
wells (figure 5). Pedernales flow was matched to wells in the northern segment and Blanco flow to wells 
in the southern segment of the district. Wells were chosen for correlation analysis based on their 
geographic spread and whether they had relatively long periods of record. Each linear regression 

Figure 4-Statistical evaluation of the percentage of time HTGCD has been in each level of 
declared drought since beginning drought declarations in November 2009. 
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analysis produces an R2 value between 0 and 1. This value represents the strength of the correlation. For 
the purposes of this evaluation, an R2 value greater than 0.5 was considered a good correlation.  

Pedernales and Blanco flow time series were truncated to <200 cubic-feet/second (cfs) in order to 
facilitate the linear regression comparison between river flow and groundwater levels. When >200 cfs 
flow values were included in the time series they disproportionally altered the analysis, significantly 
dropping the R2 value. This is because high river flow regimes in central Texas typically represent 
transient (short-lived) flow spikes that are not necessarily accompanied by proportional changes in 
nearby groundwater levels.  Flows <200 cfs account for the majority of the period of record.   

 

R2 values for the Pedernales River ranged from 0.11-0.39 when correlated with wells in the northern 
part of the district (table 1). For each analysis performed, none of the north segment wells had an R2 
value of greater than 0.5. If Pedernales flow values >200 cfs had been included in the analysis, these 
values would have been substantially lower. These relatively low R2 values suggest that Pedernales River 
flow is not strongly correlated with groundwater levels in the northern segment of the district; and may 
not be an ideal trigger for DTM purposes. 

R2 values for the Blanco River were significantly higher than the Pedernales values, ranging from 0.39-
0.69 (table 1). This suggests that the Blanco River is representative of groundwater levels in the 
southern segment of the district. During baseflow conditions, Blanco River flow is sustained by large 
karst springs discharging from the Middle Trinity Aquifer such as Pleasant Valley Spring and Jacob’s Well 
Spring (figure 1). Thus, Blanco River base flow is heavily influenced by fluctuations in Middle Trinity 
Aquifer storage, especially during low flow conditions and times of drought. 

 

Another potential explanation for the better correlation with Blanco River flows is that the Blanco Gage 
at Wimberley is located within district boundaries and is closer to monitor wells in the district. The 

Figure 5-Examples of linear regression correlation for the Pedernales River (HTGCD north trigger), and 
Blanco River (HTGCD south trigger).  
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Pedernales River gage is located outside of Johnson City, over 10 miles straight-line distance west of the 
District’s western boundary—and 28 river miles upstream of where the Pedernales crosses the northern 
tip of the District.  The Pedernales Gage at Johnson City may be too far away from the district to 
accurately reflect groundwater levels within district boundaries. It should also be noted that much of the 
baseflow for the Pedernales River at Johnson City is derived from the Paleozoic Ellenberger formation, 
which is not part of the Trinity Aquifer (Wierman et al., 2017).  

Table 1: R2 values for the Pedernales and Blanco Rivers; all wells are Middle Trinity Aquifer wells except 
the Whisenant and Lyle well, which is a Lower Trinity well. See figure 1 for well locations.  

  North District Wells South District Wells 

  PHDI Henly Skipton Hegemeir DSISD 
Whit 
Hanks Broun Tull 

Whisenant 
and Lyle * Glenn 

Sabino 
Ranch 

WC 
23 

Pedernales 0.42 0.39 - 0.36 - 0.31 0.11 0.27 0.00 - - - 
Blanco  0.42 0.29 - - - - - - - 0.69 0.39 0.58 

*Whisenant and Lyle is a Lower Trinity Well. 

 

Evaluation of HTGCD Monitoring Wells for Use as Drought Indicators 
Since implementation of the original HTGCD drought triggers in 2008, the district has expanded its 
monitoring well network (figure 1). As of February 2019, the district collects water level measurements 
from over 50 monitoring wells, including four dedicated monitoring wells which were drilled for the 
express purpose of providing long term water level records in western Hays County (Broun and Watson, 
2017; Broun and Watson, 2018a; Broun and Watson, 2018b, Broun and Watson, 2018c). With ten years 
of additional water level data, the district now has access to longer periods of record from Middle Trinity 
aquifer wells such as the Henly Church well (20 years), Mount Baldy Well (20 years), and Whit Hanks 
Well (16 years). These wells warrant consideration as drought trigger wells as they reflect a more direct 
metric of aquifer storage conditions than surface stream gages. 

HTGCD monitoring wells were evaluated for their potential as a drought trigger well for the HTGCD 
DTM. The following criteria used for this evaluation: 

1) Period of record length: Establishing specific well water levels as drought triggers typically requires a 
percentile statistical analysis across the available period of record. If the period of record is too short 
this analysis will be biased by more recent short-term climatic trends, and not truly representative of 
historical water levels. 

2) Degree of correlation with other wells in the district: A good indicator well should be representative 
of the Middle Trinity and other similarly completed wells in the district. Changing water levels in the 
index well should be predictive of water levels in aquifer across the district. 

3) Availability of up-to-date water level data: A trigger well should be measured regularly to provide up-
to-date data to decision makers and stakeholders. This allows timely and well-informed decisions when 
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groundwater levels are changing rapidly. HTGCD telemetry wells meet these needs by transmitting real-
time, hourly data to the TWDB website. 

4) Middle Trinity Aquifer completion: Any index well should be completed in the Middle Trinity Aquifer 
because the Middle Trinity is the most important sub-aquifer in the district and is the primary target of 
groundwater production.  Monitor wells in which no completion is known are not ideal as index wells 
because there will be uncertainty about whether water levels are representative of the Middle Trinity. 

5) Minimal influence from outside pumping: The index well should be located far enough away from 
outside pumping wells to prevent measured water levels in the index well from being significantly 
affected by outside pumping. 

6) Likeliness of continued future access to well site: many of the District monitoring wells are located on 
private property and as such, continued access to these wells is contingent on continued permission of 
property access from well owners. Permission may be revoked if the owner no longer wishes to allow 
access, or if the property changes ownership. Thus, well sites where the District is likely to have long-
term access should be given special consideration. In particular, the district’s newly drilled dedicated 
monitoring wells have long-term agreements in place with property owners which will ensure continued 
access to the well site. 

Skipton Dedicated Well as a Potential Drought Indicator Index Well 

Weighing the above factors, the Skipton Dedicated Monitoring Well was identified as a suitable drought 
indicator index well for the District. While the Skipton well has a relatively short period of record, linear 
regression analysis shows that it has almost a 1:1 correlation with the Henly Well (R2=0.99) (figure 6). 
This suggests that water level in the Skipton well can be predicted with a high degree of accuracy from 
the measured water level in the Henly well.  

Table 2: R2 Correlations for three potential drought index wells. All wells are completed in the Middle 
Trinity Aquifer except the Whisenant and Lyle well (Lower Trinity). See figure 1 for well locations. 

  North District Wells South District Wells 

  PHDI Henly Skipton Hegemeir DSISD 
Whit 
Hanks Broun Tull 

Whisanant 
and Lyle * Glenn 

Sabino 
Ranch 

WC 
23 

Henly 0.59 - 0.99 0.74 0.89 0.93 0.47 0.57 0.33 - - - 
Whit 
Hanks 0.63 0.93 - 0.78 0.93 - 0.61 0.68 0.23 - - - 
Mt. Baldy 0.26 - - - - - - - - 0.35 0.44 0.11 

*Whisenant and Lyle is a Lower Trinity Well. 
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Using the slope-intercept formula from the linear regression analysis, a ‘synthetic hydrograph’ of the 
Skipton well was generated from the Henly well period of record hydrograph (figure 7). This synthetic 
hydrograph can be used for statistical analysis to identify target water levels for use as DTM drought 
triggers, providing the advantage of a long period of record to the Skipton well for use as an index well.  

In addition to the long period of record provided by the Skipton well hydrograph, the Skipton well also 
meets the other requirements for drought indicator wells laid out above. By proxy of its very strong 
correlation to the Henly well, it is also strongly correlated with other wells in the northern part of the 
district (R2=0.47-0.93), suggesting that it is representative of groundwater storage in this area. The 
Skipton well has been instrumented with a TWDB telemetry system which provides real-time water level 
data online. Due to the extensive well evaluation conducted by district staff during well construction 
(Broun and Watson, 2017), the Skipton well is known to be completed as a Cow Creek, Middle Trinity 
well with a high degree of confidence. There appears to be minimal outside pumping influence in the 
Skipton Well based on the water level data collected to-date. And as an HTGCD dedicated monitoring 
well, the District is likely to have long-term access to the well site in the coming decades. 
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Figure 6-Correlation graph between the Skipton Well (y-axis) and the Henly Well (x-axis). 
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Recommendations for Revision to District DTM 
Given the above evaluations of the District’s current DTM regime, the following recommendations for 
updates to the DTM are presented: 

Recommendation 1: Drop Pedernales River flow from HTGCD DTM as drought indicator; keep Blanco 
River as drought indicator with trigger flows as-is. 

As noted in the above section, the Pedernales River does not appear to be an effective drought indicator 
for Middle Trinity Aquifer storage in the northern portion of the District. Linear regression analysis 
showed that Pedernales flow is poorly correlated to Trinity Aquifer Levels in the District. As such, HTGCD 
technical staff recommend removing the Pedernales River as a DTM drought indicator. 

In contrast to the Pedernales, the Blanco River does appear to be representative of Middle Trinity 
Aquifer storage in the southern portion of the District. This is likely due to the presence of large karst 
springs discharging from the Middle Trinity such as Pleasant Valley Spring and Jacob’s Well Spring. These 
springs provide the majority of baseflow to the Blanco River during times of drought (Wierman et al., 
2010; Hunt et al., 2017). Thus, a drop in aquifer storage during drought would be expected to coincide 
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Figure 7-Synthetic hydrograph for the Skipton Dedicated monitoring well (red dotted), generated from 
the nearby Henly monitoring well hydrograph (blue solid). The green line shows actual data collected 
from the Skipton well telemetry system.  
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with a drop in springflow, and subsequently, flow in the Blanco. Given the above information, HTGCD 
technical staff recommend keeping the Blanco River as a DTM drought indicator. 

Recommendation 2: Add Skipton Well as a drought indicator   

In place of the Pedernales River, HTGCD technical staff recommend adding the Skipton Well as a drought 
indicator for the northern segment of the District. A percentile analysis was performed on the Skipton 
well synthetic time series to provide a guide for identifying specific water levels as drought triggers 
(table 3).  

Table 3: Percentile analysis comparison of Skipton Well levels (synthetic hydrograph, elevation and 
depth below ground surface), Henly Well levels (elevation), and PHDI values from 1999-2019. Colors 
denote percentile levels selected for use as a District drought trigger (trigger levels summarized in table 
4). 

Percentile Analysis  

Percentile 
Skipton 
Level Skipton Level (depth) 

Henly 
Level PHDI Notes 

95 1026.0 336.0 1030.7 4.0   
90 1020.8 341.2 1024.7 3.4   
85 1017.8 344.2 1021.3 3.1   
80 1015.7 346.3 1018.8 2.7   
75 1013.4 348.6 1016.2 2.3   
70 1009.6 352.4 1011.8 2.0   
65 1007.3 354.7 1009.2 1.6   
60 1004.3 357.7 1005.8 1.4   
55 1000.5 361.5 1001.4 1.0   
50 996.1 365.9 996.4 0.2   
45 993.1 368.9 993.0 -1.3 Top of Hensel=372; PHDI  "Mild drought" onse  
40 986.8 375.2 985.8 -1.9   
35 981.7 380.3 979.9 -2.4 PHDI "Moderate Drought" onset=2 
30 979.0 383.0 976.9 -2.8   
25 976.2 385.8 973.7 -3.1 PHDI "Severe Drought" onset=3  
20 972.7 389.3 969.7 -3.4   
15 969.7 392.3 966.2 -3.8   
10 967.1 394.9 963.3 -4.4 PHDI "Extreme Drought" onset=4 

5 960.3 401.7 955.5 -5.1   
0 944.9 417.0 937.9 -6.4   

 

Percentile 

Skipton 
Level 

(ft-asl) 

Skipton 
Level 

(depth) 
Henly 
Level PHDI Notes 
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95 1026.0 336.0 1030.7 4.0   
90 1020.8 341.2 1024.7 3.4   
85 1017.8 344.2 1021.3 3.1   
80 1015.7 346.3 1018.8 2.7   
75 1013.4 348.6 1016.2 2.3   
70 1009.6 352.4 1011.8 2.0   
65 1007.3 354.7 1009.2 1.6   
60 1004.3 357.7 1005.8 1.4   
55 1000.5 361.5 1001.4 1.0   
50 996.1 365.9 996.4 0.2   

45 993.1 368.9 993.0 -1.3 
Top of Hensel=372; PHDI  
"Mild drought" onset 

40 986.8 375.2 985.8 -1.9   

35 981.7 380.3 979.9 -2.4 
PHDI "Moderate Drought" 
onset=2 

30 979.0 383.0 976.9 -2.8   

25 976.2 385.8 973.7 -3.1 
PHDI "Severe Drought" 
onset=3  

20 972.7 389.3 969.7 -3.4   
15 969.7 392.3 966.2 -3.8   

10 967.1 394.9 963.3 -4.4 
PHDI "Extreme Drought" 
onset=4 

5 960.3 401.7 955.5 -5.1   

0 944.9 417.0 937.9 -6.4 
 Lowest estimated level in 
synthetic hydrograph 

 

Drought trigger water levels in the Skipton well were selected by comparing percentiles between the 
Skipton well synthetic period of record and PHDI over the same period (1999-2019). This anchors 
drought trigger levels to a tangible metric (PHDI), rather than selecting arbitrary percentiles to define 
different levels of drought. 

The 45th percentile water level in the Skipton well (368.9 feet from ground surface) was selected as the 
drought trigger for the first level of drought (alarm stage). This percentile approximately aligns with a 
PHDI value of -1, defined as “mild drought”. In addition, the 45th percentile Skipton well level also 
approximately corresponds with the top of the Hensel geologic unit (372 feet from ground surface; 
Broun and Watson, 2017). Said another way, the 45th percentile water level in the Skipton Well 
represents the point below which the Lower Glen Rose formation has been dewatered in the Henly area. 
Thus, both a hydrologic (PHDI), and hydrogeologic (Lower Glen Rose dewatering) definition can be 
employed to identify the 45th percentile water level in the Skipton Well as the alarm stage drought 
trigger. Note that the hydrogeologic definition only applies to the Henly area (i.e. dewatering of the 
Lower Glen Rose in the Henly area does not necessarily mean the Lower Glen Rose is dewatered 
elsewhere in the district). 
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Following the above methodology, a PHDI value of -3 (defined as “severe drought”) corresponds to the 
25th percentile Skipton Well level (385.8 feet below ground surface), and is a reasonable level to set the 
second level of drought (Critical Stage). 

The third level of drought (Emergency Stage) is the most severe level of drought in the District’s present 
DTM. This drought stage is typically reserved for unprecedented groundwater drought conditions, and 
to-date has not been declared by the District (figure 3). Thus, the emergency stage drought trigger is 
anchored to the lowest estimated water level in the Skipton Well synthetic record, or the 0th percentile 
(417.0 feet below ground surface). Recommendations for specific Skipton Well drought triggers are 
summarized in table 4. 

Table 4-Recommendations for specific drought trigger levels in the Skipton Well. 

Drought Stage Skipton Well Trigger (ft-DTW) 
No Drought <369 
Alarm 369 
Critical 386 
Emergency 417 

 

Recommendation 3: Remove 30 consecutive days below drought trigger requirement; lower 60 day 
requirement for lifting drought to 30 days. 

As the DTM is currently enforced, the District declares drought only after flow has dropped below a 
given drought trigger for 30 consecutive days. After being notified of the drought declaration, non-
exempt permit holders have 30 additional days to comply with mandatory pumping curtailments. This 
means that there is a 60-day lag between when drought trigger thresholds are initially reached and 
when cutbacks are implemented. From a management standpoint this is not ideal as earlier 
implementation of cutbacks could help slow impacts to aquifer storage.  

District technical staff recommend removing the 30 consecutive day requirement for official drought 
declaration. In addition, staff recommend lowering the requirement for lifting drought from 60 to 30 
consecutive days. Keeping a consecutive day requirement for lifting drought will prevent “seesawing” 
into and out of declared drought stages, while making the District rules more responsive to measured 
drought indicators. 

Additional Considerations for DTM Recommendations 
 

Skipton well as a drought trigger 

Several factors should be considered long-term if the District adopts the Skipton well as a drought 
trigger. First, the Henly period of record indicates that Middle Trinity Aquifer levels are on a downward 
trend of approximately -2 feet/year (HTGCD 2018). If this continues, drought triggers would periodically 
need to be revised downward to reflect this long-term trend. Second, the Middle Trinity Aquifer has a 
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relatively low transmissivity in the Henly area (Broun and Watson, 2017). This makes water levels in the 
aquifer particularly susceptible to influences from large pumping wells. While currently none of these 
wells are known to be present in the Henly area, it is possible that one may be proposed and 
constructed in the future.  

Given the above factors, the District should periodically evaluate water level data collected in the 
Skipton and Henly wells for water level trends and outside pumping influence. In addition, district staff 
should periodically reevaluate the correlation between the Henly and Skipton wells. As the Skipton well 
period of record becomes longer, more data will become available for correlation with the Henly well. 
Thus, periodic reevaluations will make this correlation more robust, improving the Skipton well synthetic 
period of record and subsequently Skipton drought trigger thresholds. 

Alternative Middle Trinity wells for use as drought indicators 

Based on the DTM evaluation presented in this memorandum, the Skipton well has been recommended 
as a drought indicator for use as a drought trigger well. However, alternative Middle Trinity wells in the 
northern segment of the district may be used to replace the Skipton well if at some point in the future it 
is no longer viable as a drought trigger well. The District’s Whit Hanks monitor well also has a strong 
correlation with the Henly well (table 2) and has a relatively long period of record (2003-2019). 
Additionally, the recently drilled DSISD dedicated well could be a viable drought indicator well once 
several years of water level data become available.  

Lower Trinity Aquifer 

While the Middle Trinity is the most important sub-aquifer in the District, a growing number of wells are 
targeting the Lower Trinity Aquifer for production. Lower Trinity water levels are not significantly 
correlated with the water levels in the Middle Trinity (table 2) and thus the Skipton well is not 
representative of water levels in the Lower Trinity as a drought indicator. The District should continue to 
monitor water levels in the Lower Trinity to evaluate impacts to the sub-aquifer due to drought or long-
term pumping. Additional management actions may be necessary to protect groundwater resources if 
the Lower Trinity Aquifer is shown to be significantly impacted.    

Conclusions and Summary of Recommendations 
The evaluation presented in this memorandum shows that the Pedernales River is not an ideal drought 
indicator for groundwater storage in the northern segment of the district. The Blanco River, however, 
does appear to be a reasonable drought indicator for the southern segment of the district. An evaluation 
of the district monitoring well network has identified the Skipton well as a viable replacement for the 
Pedernales River as a drought trigger in the District’s DTM.  These levels and the other 
recommendations for changes in the District’s DTM are summarized below. 

Recommendations for changes to the District DTM:  

1) Remove the Pedernales River at Johnson City as a drought trigger. 
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2) Add the Skipton well as a drought trigger with the following water levels (depth to water from 
ground surface) as thresholds for declaring each level of drought: 

Drought Stage Skipton Well Trigger (ft-DTW) 
No Drought <369 
Alarm 369 
Critical 386 
Emergency 417 

 

3) Remove the DTM requirement of 30 consecutive days below drought trigger for official drought 
declaration. Reduce the DTM requirement for lifting drought from 60 consecutive days to 30 
consecutive days above drought trigger. 
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Current Drought Triggers
• Blanco River and Pedernales River as current 

drought triggers
• Additional trigger – Palmer Hydrologic Drought 

Index (PHDI)

• Drought Declared: 30 consecutive days of flow 
below drought trigger at both river gages.

• Drought Lifted: 60 consecutive days of flow 
above drought trigger at both river gages.

Figure 1. Location of drought triggers



Historical Drought Declarations

Figure 2. Historical drought declaration since implementation of 
the current DTM (Watson, 2019). 
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Figure 5. Correlation graph between the Skipton Well (y-axis)
and the Henly Well (x-axis; Watson, 2019).
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Figure 6. Synthetic hydrograph for the Skipton Dedicated monitoring well (red
dotted), generated from the nearby Henly monitoring well hydrograph (blue
solid). The green line shows actual data collected from the Skipton well
telemetry system (Watson, 2019).



Benefits of using Skipton Well

• Minimal outside pumping influence

• Long-term access

• Access to real-time (hourly) water level data

• Oversight during well construction, ensuring production 

interval represents Cow Creek formation. 



Recommended Changes, Drought Indicators

• Drop Pedernales River trigger and replace with Skipton well.
• keep Blanco River as drought indicator with trigger flows as 

is.
• Keep PDHI as a third trigger
• Recommended drought triggers for Skipton Well and Blanco 

River:
Drought Stage Skipton Well Trigger (ft-DTW) Blanco Flow Trigger (cfs)
No Drought <369 >28.5
Alarm 369 28.5
Critical 386 14.5
Emergency 417 9.28



Skipton Drought Triggers



Recommended Changes, Movement between 
Drought Stages

• Remove “30 consecutive days below trigger” to declare 
drought.
o If both indicators are below drought trigger, then the 

new drought stage is declared.

• Lower 60-day requirement for lifting drought to 30 days.
o Both indicators need 30 consecutive days above drought 

trigger to move out of current drought stage. 



Questions?



Extra Slides

Figure 3. Daily hydrographs of transducer (monitor) wells and JW/Blanco River
discharge (Gary et al., 2019).



Figure 4. Examples of linear regression correlation for the Pedernales River (HTGCD north
trigger), and Blanco River (HTGCD south trigger; Watson, 2019).



North District Wells South District Wells

PHDI Henly Skipton Hegemeir DSISD
Whit 
Hanks Broun Tull

Whisanant 
and Lyle * Glenn

Sabino 
Ranch

WC 
23

Henly 0.59 - 0.99 0.74 0.89 0.93 0.47 0.57 0.33 - - -
Whit 
Hanks 0.63 0.93 - 0.78 0.93 - 0.61 0.68 0.23 - - -
Mt. Baldy 0.26 - - - - - - - - 0.35 0.44 0.11

Table 2: R2 Correlations for three potential drought index wells. All wells are completed in the 
Middle Trinity Aquifer except the Whisenant and Lyle well (Lower Trinity). See figure 1 for well locations.
*Whisenant and Lyle is a Lower Trinity Well (Watson, 2019).
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