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Technical Memorandum 

TO:  Ms. Kelley Cochran 

General Manager, Guadalupe County Groundwater Conservation District 

FROM: James Beach, P.G. and Andrew Donnelly, P.G., and Chris Drabek, P.G.  

SUBJECT: Methodology for Allocating Impact from Public Water Supply Permittees 

DATE:  June 30, 2023 

Introduction 

Advanced Groundwater Solutions, LLC (AGS) was contracted to develop a methodology for 

estimating past and future impact in the Carrizo-Wilcox Aquifer from groundwater production 

within the boundaries of the Guadalupe County Groundwater Conservation District (GCGCD) 

from three public water supply (PWS) permitee; Canyon Regional Water Authority (CRWA), 

Springs Hill Water Supply Corporation (SHWSC), and Schertz-Seguin Local Government 

Corporation (SSLGC). This report documents the methodology for allocating the portion of 

water level decline caused by each PWS permittee using a simple methodology.  

Overview of Methodology 

The methodology for allocating impact to permittees is summarized below.  All calculations will 

be completed at TWDB GAM centroids (the center of a GAM cell). 

1. Use Theis drawdown equation to estimate water level decline across the county for each 

of the PWS permit holders based on historical pumping through 2022.  

2. Sum each of the individual impacts in the active area of each aquifer (Carrizo or Wilcox).  

The sum of individual impacts will equal 100% of the Total Guadalupe Impact (TGI) 

from PWS permit holders. 

3. Divide the individual impact of each PWS permittee by the TGI to calculate the portion 

(or percentage) of the total water level decline that is allocated to each PWS permittee.  

4. Using TWDB GAM, calculate water level decline caused by regional pumping. Calculate 

the percentage of total simulated water level decline caused by Guadalupe County 

pumping for each aquifer. 

5. Estimate total measured water level decline from water level decline maps developed by 

GCGCD.  

6. Estimate portion of “actual” water level decline allocated to each PWS permittee. 

Theis (1935) developed a mathematical groundwater model for transient flow of groundwater to 

a pumping well.  It is also known as the Theis analytical model, Theis nonequilibrium method, or 

Theis drawdown model and is often applied in groundwater hydrogeology to estimate impacts 

from pumping wells.  Assumptions of the model include: 
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• aquifer has infinite areal extent, 

• aquifer is homogeneous and of uniform thickness, 

• control well is fully or partially penetrating, 

• flow to control well is horizontal when control well is fully penetrating, 

• aquifer is nonleaky confined, 

• flow is unsteady, 

• water is released instantaneously from storage with decline of hydraulic head, 

• diameter of a pumping well is very small so that storage in the well can be neglected. 

Obviously, these assumptions can limit the appropriateness of the drawdown estimates from the 

equation in some situations, but it is assumed that the method is reasonable for the purposes of 

this methodology.  The Theis drawdown estimates in conjunction with the application of the 

principle of superposition (Reilly and others, 1984) provide a basis for allocation of impact to 

various permittees.   

Step 1 of the methodology could be completed with a representative numerical groundwater flow 

model such as the TWDB Groundwater Availability Model if the model is deemed appropriate 

for use at the scale of interest. 

Data Requirements for the Methodology 

The data required to implement the methodology include:  

1. Historical pumping by each PWS permittee 

2. Estimates of transmissivity and storativity for each PWS permittee wellfield 

Historic Pumping Data  

Figure 1 shows the total historic groundwater production from the Carrizo Aquifer by the PWS 

permittees from 2000 to 2021. Note that the SSLGC well field has not been put into production 

at this time and therefore is not included, and that the historic pumping totals for CRWA is just 

for the three wells within GCGCD, and not the wells located in Gonzales County.  

Although there is currently no significant pumping in the Wilcox Aquifer from the PWS 

permittees, the same approach could be used in the Wilcox Aquifer as pumping data becomes 

available. 
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Figure 1.  Historic annual pumping from the Carrizo Aquifer for PWS permittees from 2000 to 

2022 

Hydraulic Properties  

Because the purpose of this study is to demonstrate the methodology, this report will not 

elaborate on the various estimates of hydraulic properties available from pumping tests or in the 

TWDB GAM and other sources.  The goal herein is to step through the calculations to illustrate 

the methodology.  The details of selecting hydraulic properties can be developed further as the 

methodology is implemented and more data and more appropriate models are available.  

Hydraulic properties assumed for the Carrizo Aquifer analysis are shown below. 

• Transmissivity = 67,320 gpd/ft 

• Storage Coefficient = 0.0025 

• Aquifer Thickness = 600 feet 

Application of the Methodology 

The Theis drawdown equation was used to estimate water level declines caused by pumping shown 

in Figure 1 for each PWS permittee. Note that for the historic pumping simulation, SSLGC was 

not included because their well field had not started producing groundwater during this time 

period.  Figure 2 shows the GCGCD boundary, the TWDB GAM parent grid (1x1 mile), the 

outcrop of the Carrizo Aquifer, and the Carrizo well locations of the three PWS permittees. 

The methodology calculates water level decline at the centroid of the TWDB GAM grid block that 

is active in the aquifer (Carrizo in this demonstration, and Wilcox in future implementation). The 
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Theis solution is applied to estimate water level decline from pumping by each PWS permittee at 

each active node in the aquifer in GCGCD.  This methodology is not considered appropriate for 

unconfined portions of the aquifer, and so the nodes within two miles of the northwestern extend 

of the outcrop were eliminated from the calculations. 

Figure 3 shows the active nodes for calculation in the Carrizo Aquifer in the district.  These nodes 

are consistent with the centroids of the TWDB GAM parent grid shown in Figure 2.  Figure 4 

shows the outcrop of the Wilcox Aquifer and the active nodes for calculation that could be 

employed in future implementation of this methodology for the Wilcox Aquifer.   

For the purposes of this report, the methodology was used to calculate water level declines in the 

Carrizo Aquifer after 23 years (end of 2022).  However, the methodology could be used to assess 

impacts on an annual basis or as needed. 
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Figure 2.  GCGCD boundary, TWDB GAM parent grid, the Carrizo Aquifer outcrop area, and 

Carrizo well locations of the three PWS permittees. 
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Figure 3.  Node locations in the active area of the Carrizo Aquifer.  Node locations are consistent 

with the centroids of the TWDB GAM grid shown in Figure 2. 
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Figure 4.  Example of potential nodes located in active area of the Wilcox Aquifer.  The nodes 

are consistent with the centroids of TWDB GAM grid shown in Figure 2.  
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Modeling Results 

Annual historic pumping (as shown in Figure 1) was used to estimate water level decline with the 

Theis model for: 

1. CRWA Carrizo pumping alone, 

2. SHWSC Carrizo pumping alone, 

3. Total Carrizo pumping from PWS permittees (SHWSC and CRWA) 

Figure 5 shows the estimated drawdown from historic production in CRWA wells located in 

GCGCD.  The estimated drawdown in 2022 from CRWA pumping in GCGCD is about 22 feet 

in the wellfield area. Because SHWSC wells are located in the Carrizo Aquifer very near the 

outcrop (as defined by TWDB), we assumed a storage coefficient of 0.01 to represent semi-

confined conditions. Figure 6 shows the estimated drawdown from historic SHWSC well 

production.  The estimated maximum drawdown at the end of 2022 for SHWSC is about 13 feet 

in the wellfield area.  

Figure 7 shows the total (or cumulative) simulated drawdown from both CRWA and SHWSC 

pumping from 2000 through 2022. The percentage contribution to the total drawdown (shown in 

Figure 7) was determined for the Carrizo GAM cells based on the drawdown calculated at the 

centroid of each cell by each permittee.  This estimate could be used to address impacts to all 

Carrizo wells within the 1x1-mile area. 

Figure 8 shows the percentage of the total drawdown that was caused by historic CRWA 

pumping through 2022.  Figure 9 shows the percentage of the total drawdown that was caused by 

historic SHWSC pumping through 2022. Based on Figure 8, CRWA contributes about 55 and 85 

percent of the total drawdown, with the highest percentage in the CRWA well field area. Based 

on Figure 9, SHWSC contributes about 15 and 45 percent of the total drawdown, with the 

highest percentage in the SHWSC well field area.  As SSLGC and other potential PWS 

permittees begin to pump in the Carrizo, these allocations would change.  The methodology 

presented here allows those changes to be considered and new allocations to be estimated. 

Figures 8 and 9 do not consider impacts from outside the district, but only the impact from 

pumping by PWS permittees inside the district.  The final phase of the impact assessment will 

consider the portion of the impact from pumping outside the district.  This phase of the impact 

assessment will be completed after the TWDB Southern Carrizo-Wilcox Groundwater 

Availability Model has been updated. 

Limitations of Approach 

Allocation of impacts among multiple pumpers through time is difficult.  For example, the three 

PWS permittees in this study started pumping at different times.  Therefore, the magnitude of 

impact at any location in the aquifer will change with time as will the allocation of the impact to 

PWS permittees.   Additionally, the impact of drawdown from PWS permittees on a given well 

and pump will vary depending on pump depth settings, pump capacity, pumping patterns, well 
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efficiency, local aquifer characteristics, and other factors.  It was beyond the scope of this study 

to address these issues. 

Summary  

This report documents a straight-forward approach to assessing and allocating impacts from 

pumping in Guadalupe County GCD.  The method uses a simple analytical modeling approach to 

estimate drawdowns from each of the PWS permittees.  The analytic model uses GAM grid 

centroids which will allow the reginal (i.e., non-GCGCD) drawdown to be estimated from GAM 

runs. Once the regional component of drawdown is estimated, the analytical model can be used 

to estimate the contribution of each PWS permit holder to the GCGCD portion of the drawdown 

observed in the District area.  

The modeling done for this report is conceptual in nature and intended to illustrate a 

methodology for allocating impact to PWS permittees.  This approach could also use a numerical 

model like the TWDB GAM to estimate drawdown from PWS permittees if the model is deemed 

appropriate at the scale of interest. 
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Figure 5.  Estimated drawdown in 2022 from historic pumping in CRWA wells located in 

GCGCD 
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Figure 6.  Estimated drawdown in 2022 from historic pumping in SHWSC wells. 
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Figure 7.  Total estimated drawdown in 2022 from pumping by CRWA and SHWSC wells 

located in GCGCD. 
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Figure 8.  Estimated percentage of water level decline allocated to CRWA based on pumping 

through 2022 
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Figure 9.  Estimated percentage of water level decline allocated to SHWSC based on pumping 

through 2022 
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