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3.2 Historical Water Levels  

The availability of historical water level measurements varies from well to well.  We 

have made an effort to assimilate all the relevant water level measurements that were sufficiently 

documented.  Appendix A contains the hydrographs for all wells for which water level 

measurements could be assimilated.  Some of the hydrographs show downward trends and some 

do not.  Of course, the depth and construction of each well are factors in determining the water 

level response through time.   A shallow well that is located far from pumping wells may not 

show the same trend as actively pumped wells in a well field.  Each of the relevant hydrographs 

shown in Appendix A will be used to calibrate the groundwater flow model.  

3.3 Well Performance 

Well production rates and pumping tests reported on individual wells are shown in Table 

3-2.  Production (flow) rate is the measured volume of water being withdrawn from a well over a 

given period of time (gallons per minute) and is partially dependent on the pump size.  The 

TCEQ reported pumping rates are the production rates that the City is currently reporting to the 

Texas Commission on Environmental Quality and can be queried at: 

(http://www3.tceq.state.tx.us/iwud/pws/index.cfm?fuseaction=DetailPWS&ID=1200).  

The pumping test results are the most useful information pertaining to a well’s ability to 

move water from the aquifer to the well bore.  Pumping tests allow for the comparison of a 

well’s pumping rate with the change in water level over a given period of time.  The combination 

of pumping test results within a well field provides an important aquifer characterization 

component in the modeling process. 
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4.0 WELL FIELD MODELING  

4.1 Approach 

4.1.1 Model Calibration 

Existing hydrologic and hydrogeologic data were evaluated with respect to long-term 

groundwater availability.  The well database, driller’s logs, geophysical logs, water level 

measurements, and historical pumping information were used to develop and calibrate the 

groundwater model.  Pumping test information regarding the hydraulic conductivity and 

storativity of the aquifer were used to parameterize the model.   

Calibration of a groundwater flow model is the process of adjusting model parameters until 

the model reproduces field-measured values of water levels (heads) and flow rates.  Successful 

calibration of a flow model to observed heads and flow conditions is usually a prerequisite to 

using the model for prediction of future groundwater availability.  Parameters that are typically 

adjusted during model calibration are hydraulic conductivity, storativity, and recharge.  Model 

calibration typically includes completion of a sensitivity analysis and a verification analysis.  

Sensitivity analysis entails running the model with a systematic variation of the parameters and 

stresses in order to determine which parameter variations produce the most change in the model 

results.  Those parameters that change the simulated aquifer heads and discharges the most are 

considered important parameters to the calibration.  The sensitivity analysis guides the process of 

model calibration by identifying potentially important parameters but does not in itself guarantee 

a calibrated model.   

The model was calibrated for two hydrologic conditions, one representing steady-state 

conditions (i.e., prior to major pumping) and the other representing transient conditions after 

pumping started.  There is very little, if any water-level data available prior to development of 

the Alpine well fields.  However, the earliest water-level measurements were used to 

representative of  “predevelopment” conditions and the water-level measurements from that time 

period were used to calibrate the steady-state model.  Historical records indicate that pumping 

started in the 1920s in the Inner-City well field, 1950s in the Sunny Glen well field, and about 

1972 in the Musquiz well field.  The final predevelopment water levels from the steady-state 
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model were then used as the initial water levels for the calibration period, which was from 1950 

to 2007.  All stress periods during the calibration and verification period were one year long 

because that was the resolution of most of the pumping estimates.  Table 4.1 summarizes the 

stress periods used in the model. 

The advantage of calibrating the model to 57 years of historical data is that this period 

incorporates a wide range of hydrologic and pumping conditions.  The goal of the steady-state 

predevelopment model was to simulate a period of equilibrium where aquifer recharge and 

discharge are roughly equal.  The goal of the transient calibration was to adjust the model to 

appropriately simulate the water-level changes that were occurring in the aquifers due to 

pumping.   

4.1.2 Calibration Targets and Measures 

In order to calibrate a model, targets and calibration measures must be developed.  The 

primary type of calibration target is hydraulic head (water level).  Table 4.2 summarizes the 

available water level measurements for the steady state and transient model periods. 

In order to calibrate a model, targets and calibration measures must be developed.  The 

primary type of calibration target is hydraulic head (water level).  Table 4.2 summarizes the 

available water level measurements for the steady state and transient model periods. 

Table 4–1   Summary of the calibration head targets 

Well Field Predevelopment Calibration  

Sunny Glen   
Musquiz   

Inner-City   

Simulated heads were compared to measured water levels in wells through time 

(hydrographs) and head distribution maps. 

Model calibration is judged by quantitatively analyzing the difference (or residual) 

between observed and model computed (i.e., simulated) values.  Several graphical and statistical 
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methods are used to assess the model calibration.  These statistics and methods are described in 

detail in Anderson and Woessner (1992).  The mean error is defined as: 

i)h - h(n
1 = ME sm

n

1=i
∑     4.1 

where:  

hm is measured hydraulic head, and 

hs is simulated hydraulic head, and  

(hm- hs) is known as the head error or residual. 

A positive mean error (ME) indicates that the model has systematically underestimated 

heads, and a negative error, the reverse.  It is possible to have a mean error near zero and still 

have considerable errors in the model (i.e., errors of +50 and -50 give the same mean residual as 

+1 and -1).  Thus two additional measures, the mean absolute error and the root mean square of 

the errors, are also used to quantify model goodness of fit.  The mean absolute error is defined 

as: 

i)h - h(n
1 = EAM sm

n

1=i
∑    4.2 

and is the mean of the absolute value of the errors.  The standard deviation (SD) of errors or root 

mean squared (RMS) error is defined as: 

 

[ 5.02
sm

1=i
)h - h( 

n
1RMS ⎥⎦

⎤∑= i

n

        4.3 

 

A large SD means that there is wide scattering of errors around the mean error.   

These statistics were calculated for the calibration and verification period.  In addition, 

the distribution of residuals was evaluated to determine if they are randomly distributed over the 

model grid and not spatially biased.  Head residuals were plotted on the simulated water-level 

maps to check for spatial bias.  Scatter plots were used to determine if the head residuals are 

biased as compared to the observed head surface.  
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4.2 Groundwater Model Development 

4.2.1 Model Extent and Boundaries   

Figure 4-1 shows the finite-difference grid used for the MODFLOW model.  The extent 

of the model covers all three well fields of interest and extends far enough away from the well 

fields so that boundary effects are limited.  The grid size is 500 feet near the well fields and 

increases to 1000 feet near the boundaries of the model.   
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4.2.2 Structure and Stratigraphy 

The Igneous aquifer is not a single homogeneous aquifer but rather a system of complex 

water-bearing formations that are in varying degrees of hydrologic communication.  In a study of 

the hydrogeology of the Davis Mountains, for example, Hart (1992) reported that groundwater in 

Jeff Davis County is found in 11 distinct water-bearing units.  The individual aquifers occur in 

lava and pyroclastic flows (ignimbrites), in clastic sedimentary rocks deposited in an overall 

volcanic sequence, and possibly in ash falls (tuffs).  

The best aquifers are found in igneous rocks with primary porosity and permeability such 

as vesicular basalts, interflow zones in lava successions, sandstones, conglomerates, and 

breccias.  Faulting and fracturing can enhance aquifer productivity in poorly permeable rock 

units. 

4.2.3 Hydraulic Properties 

Aquifer hydraulic conductivity and storativity estimates were collected from groundwater 

availability studies in the well fields.  Pumping tests were completed on wells in the Musquiz 

field when they were drilled in 1972.  In 1999, LBG-Guyton performed pumping tests on several 

wells in the Sunny Glen well field.   

4.2.4 Historical Pumping Estimates 

Pumping allocation for the City of Alpine was based on historical records and on 

discussions with city personnel.  Pumping was implemented into the model so that historical 

water level declines can be simulated. 

4.2.5 Water Levels 

Historical water levels were incorporated into the model as calibration targets. 

4.2.6 Recharge  

Recharge and leakage estimates are very critical in developing an appropriate model, and 

yet they are impossible to measure directly.  Preliminary recharge estimates were taken from 

Beach and others (2004).  To better estimate this recharge, a sensitivity analysis was completed 

during the calibration process. 
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4.3 Well Field Model Results 

4.3.1 Predictive Simulations 

The model was used to assess long-term availability of groundwater based on various 

pumping scenarios.  Scenarios include the projected pumping from 2008 through 2060.  Results 

include contours of simulated drawdown in the well fields, and hydrographs of simulated water 

levels.  Scenarios include: 

 Groundwater pumpage as estimated by the Far West Texas Regional Water Planning 

Group (Region E).    

 Variations on estimated pumpage for the City of Alpine. 

 

4.3.2 Sunny Glen Well Field 

 

4.3.3 Musquiz Well Field 

 

4.3.4 Inner-City Well Field 

 

 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

 

 



APPENDIX A 
 



 Musquiz No. 10

50

70

90

110

130

150

170

190

210

230

250

1982 1984 1987 1990 1993 1995 1998 2001 2004 2006 2009

Date
D

ep
th

 

Musquiz No. 11

80

90

100

110

120

130

140

150

160

1982 1984 1987 1990 1993 1995 1998 2001 2004 2006 2009

D ate

Meriwether No. 2

90.7

90.75

90.8

90.85

90.9

90.95

8/15/1999 8/16/1999 8/16/1999 8/17/1999 8/17/1999 8/18/1999 8/18/1999 8/19/1999 8/19/1999

Date

D
ep

th

Kokernot (NDW)

0

10

20

30

40

50

60

70

80

90

1/11/1955 3/2/1955 4/21/1955 6/10/1955 7/30/1955 9/18/1955 11/7/1955 12/27/1955 2/15/1956

Date

D
ep

th




