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1.0 Introduction and Background 
 
1.1 GMA 11 Meeting of October 14, 2025 
 
At the GMA 11 meeting of October 14, 2025, the GAM simulation that formed the basis for the 
current desired future condition (Scenario 33) was reviewed.  The review included evaluating 
simulation output related to estimated dry well impacts and surface water-groundwater impacts.  
In summary, the significant groundwater pumping increase (as compared with historic 
groundwater pumping) that is associated with Scenario 33 would result in about 568 dry wells (13 
percent of the 4,217 wells available in the database) and about 184,089 AF/yr of the 255,370 AF/yr 
pumping increase would be sourced from surface water (about 72 percent of the pumping 
increase). 
 
1.2 Updated Dry Well Analysis for Scenario 33 
 
The TWDB database contains the locations of 5,786 wells in GMA 11.  Of these, 4,217 wells had 
good data on well depth.  These 4,217 wells were then located on the model grid, including which 
layer the bottom of the well is completed.  The locations of these 4,217 wells is presented in Figure 
1. 
 
These wells, of course, and not all the wells in GMA 11. However, the number of wells and 
geographic distribution are adequate to assess the impact of increased or decreased pumping on 
whether the well remains productive or “goes dry”.  For the purposes of this analysis, if the 
groundwater level in the wells drops to the point where there is less than 20 feet of water in the 
well, it is considered “dry”. 
 
An update to the Groundwater Availability Model for the northern portion of the Carrizo-Wilcox, 
Queen City, and Sparta aquifers (Panday and others, 2020) has been completed and is documented 
in Hutchison (2026).  In summary, specific yield values in the alluvial layer (layer 1) were specified 
as 0.1 in the updated model.  This update resulted in slightly different dry well counts for Scenario 
33 as compared to those reported at the GMA 11 meeting of October 14, 2025 as presented in 
Table 1.   
 
Table 2 presents the dry well count by county using the updated GAM.  Please note that Scenario 
33 suggests that the dry well rate in nine counties would be over 10 percent in 2080. 
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Figure 1.  Location of 4,217 Wells in GMA 11 (TWDB Database) 

 
Table 1.  Summary of Dry Well Counts for Scenario 33: Original GAM and Updated GAM 
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Table 2.  Summary of Dry Well Counts by County for Scenario 33 (Updated GAM) 
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1.3 Updated Scenarios 
 
At the October 14, 2025 meeting, GMA 11 approved additional simulations to evaluate the effects 
of reducing groundwater pumping in the Queen City and Carrizo-Wilcox aquifers as compared 
with Scenario 33.  This technical memorandum documents these simulations.  Also, this technical 
memorandum documents a baseline simulation (pumping from 2013 repeated annually from 2014 
to 2080).  Finally, after evaluating the results, a final simulation (named Scenario 26.1) that 
involved targeted reductions in pumping to limit the dry wells in each county to less than 10 
percent. 
 
The results of these simulations focused on reducing the number of dry wells and reducing the 
surface water impact of increased pumping.  Of note is that the groundwater budget analysis has 
been revised.  The groundwater budget analysis presented at the GMA 11 meeting of October 14, 
2025 used the entirety of GMA 14 as the area of interest.  The groundwater budgets presented in 
this Technical Memorandum are presented for each river basin in GMA 11 to better characterize 
areas of concern. 
 
Please note that all files associated with this Technical Memorandum are available for download 
at: 
 

https://drive.google.com/drive/folders/1OVEA0S6SDPB4NG1XkS4u0AG82QZsTd1w?usp=sharing 
 
 
  

https://drive.google.com/drive/folders/1OVEA0S6SDPB4NG1XkS4u0AG82QZsTd1w?usp=sharing
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2.0 Pumping Reduction Scenarios 
 
2.1 Baseline Simulation 
 
Prior to developing the pumping reduction scenarios, a baseline scenario was developed that 
assumed that 2013 pumping (the last year of the model calibration period) was repeated from 2014 
to 2080.  This baseline simulation provides a more stable set of results to compare and assess 
changes associated with other predictive simulations. 
 
2.2 Initial Bounding Simulations 
 
The pumping reduction scenarios started with Scenario 33 (the basis for the current DFC).  Nine 
scenarios of pumping reduction in the Carrizo-Wilcox Aquifer (CW) were developed and nine 
scenarios of pumping reduction in the Queen City Aquifer (QC) were also developed.  A pumping 
reduction factor was applied on a cell-by-cell basis for each scenario with the caveat that pumping 
could not drop below 2013 pumping (as defined in the calibrated model) for a specific cell.  Table 
3 summarizes the scenarios. 
 

Table 3.  Pumping Reduction Scenarios 

 
 
2.2.1 Dry Well Analysis Results of Initial Bounding Simulations 
 
Summary results of the pumping reduction scenarios included tracking the number of dry wells in 
the Queen City and Carrizo-Wilcox Aquifers.  Figure 2 presents the summary for Queen City 
wells.  Figure 3 presents the summary for Carrizo-Wilcox wells.  Please note that as pumping 
decreases, the number of dry wells decrease (expressed as a percentage of all wells). 
 
Also, please note that when pumping is reduced in the Queen City Aquifer, not only is there a 
reduction in dry wells in the Queen City Aquifer, the number of Carrizo-Wilcox dry wells also is 
decreased.  Similarly, when pumping is reduced in the Carrizo-Wilcox Aquifer, not only is there 
a reduction in dry wells in the Carrizo-Wilcox Aquifer, the number of Queen City dry wells is also 
reduced.  These results highlight the vertical connection between formations in GMA 11. 
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Figure 2.  Initial Bounding Simulations Dry Well Analysis: Queen City Wells 

 

 
Figure 3.  Initial Bounding Simulations Dry Well Analysis: Carrizo-Wilcox Wells 
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Table 4 presents the county summary of dry wells for Scenario QC1.  Please note that the analysis 
includes all wells and Carrizo-Wilcox wells.  Please note that several counties have more than 10 
percent of their wells go dry under this scenario. 
 

Table 4.  Dry Wells Analysis by County - Scenario QC1 

 
 
2.2.2 Pumping in Scenario QC1 
 
While all pumping reductions yield fewer dry wells, the reductions in the Queen City Aquifer 
pumping have the most benefit, not only to Queen City wells, but also to Carrizo-Wilcox wells.  It 
should be noted that Scenario QC1 (a 90 percent reduction in Queen City pumping from Scenario 
33 pumping) still represents a large increase in historic pumping as shown in Table 5. 
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Table 5.  Queen City Pumping Comparison (Baseline, Scenario 33, and Scenario QC1) 

 
 
2.3 Scenario 26.1 
 
The pumping reduction scenarios described above relied on global pumping reductions applied 
over an entire aquifer.  The analysis showed that Scenario QC1 still represents an increase in 
pumping compared to historic pumping in the Queen City Aquifer.  However, there are still several 
counties with a relatively high percentage of dry wells. 
 
Scenario 26.1 was developed with the objective of reducing pumping on a county basis such that 
no county would have more than 10 percent dry wells (all wells and Carrizo-Wilcox Aquifer 
wells). Limiting the dry wells to 10 percent is an example of avoiding an undesirable effect that is 
central to the definition of sustainable yield.   
 
The 10 percent standard could be considered arbitrary, but it appears a reasonable point to balance 
the maximum practicable use of groundwater and conservation of groundwater required in the 
Texas Water Code for joint planning.  Wells represent a significant property right for most rural 
residents of GMA 11 and the impact of dry wells would certainly fit into the category of 
socioeconomic impacts.  Both property rights and socioeconomic impacts are factors in joint 
planning. 
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2.3.1 Sparta Pumping 
 
Scenario 26.1 pumping for the Sparta Aquifer is presented in Table 6 and remains unchanged from 
Scenario 33 (the basis for the current DFC).  Pumping in the Sparta Aquifer is generally low and 
the dry well rate is below the acceptable threshold used for this analysis. 
 

Table 6.  Scenario 26.1 Pumping - Sparta Aquifer 

 
 
2.3.2 Queen City Pumping 
 
Scenario 26.1 pumping for the Queen City Aquifer is presented in Table 7 and is the same as 
Queen City Aquifer pumping from Scenario QC1 presented and discussed above. 
 

Table 7.  Scenario 26.1 Pumping – Queen City Aquifer 
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2.3.3 Carrizo-Wilcox Pumping 
 
Scenario 26.1 pumping in the Carrizo-Wilcox Aquifer is presented in Table 8.  Please note that 
counties with pumping reductions (as compared with the current MAG) are highlighted in yellow. 
 
 

Table 8.  Scenario 26.1 Pumping – Carrizo-Wilcox Aquifer 
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3.0 Dry Well Analysis (Scenario 33 and Scenario 26.1) 
 
Table 9 presents the dry well analysis organized by aquifer for Scenario 33 and Scenario 26.1.  
Please note that in Scenario 33, over 46 percent of the wells go dry in the Queen City Aquifer, and 
over 12 percent of the wells go dry overall.  The yellow shading represents exceedance of the 10 
percent threshold discussed above.  However, in Scenario 26.1, all aquifers meet the threshold of 
less than 10 percent dry wells.  The Queen City is the highest at about 5 percent, as noted by the 
green shading. 
 

Table 9.  Dry Well Analysis - Scenario 26.1 (Aquifer Based) 

 
 
Table 10 presents the dry well analysis organized by county for Scenario 33 and Scenario 26.1.  
Please note that in Scenario 33, the dry well threshold of 10 percent is exceeded in nine counties 
for all wells, and in five counties in Carrizo-Wilcox wells, as noted by the yellow shading.  
However, in Scenario 26.1, all counties have met the 10 percent dry well threshold.  The highest 
dry well percentage for both all wells and Carrizo-Wilcox wells is Cherokee County. 
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Table 10.  Dry Well Analysis - Scenario 26.1 (County Based) 
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4.0 Groundwater Budget Analyses 
 
Groundwater budgets quantify the inflows to, outflows from, and storage change within an 
specified geographic area.  During the GMA 11 meeting of October 14, 2025, the groundwater 
budgets that had been presented in the 2021 GMA 11 Explanatory Report were discussed.  These 
groundwater budgets defined the geographic area as GMA 11 (with the alluvial layer as separate 
zone).  In order to provide a more granular analysis for this effort, the zones were redefined by 
river basin and GMA. 
 
4.1 Zone Definition 
 
Each cell in the model was given a three-digit code.  The first digit is based on the basin, or state 
(for cells outside Texas): 
 

• 1 = Arkansas 
• 2 = Brazos Basin 
• 3 = Cypress Basin 
• 4 = Louisiana 
• 5 = Neches Basin 
• 6 = Sabine Basin 
• 7 = San Jacinto Basin 
• 8 = Sulphur Basin 
• 9 = Trinity Basin 

 
The second and third digits were the GMA (for Texas cells) or a two-digit code for Arkansas and 
Louisiana: 
 

• 08 = GMA 8 
• 11 = GMA 11 
• 12 = GMA 12 
• 14 = GMA 14 
• 98 = Arkansas 
• 99 = Louisiana 

 
The Fortran program named GMA11Zone.exe was written to assign zone numbers.  The USGS 
program ZoneBudget was used to develop groundwater budgets for each zone. 
 
Appendix A contains the groundwater budgets for each basin in GMA 11 and includes maps that 
shows the geographic extent of each basin. 
 
Among the analyses presented in this Technical Memorandum are the general character of the 
alluvium (layer 1 of the model) interactions with the bedrock aquifers (layers 2 to 9) and the 
interbasin movement of groundwater. 
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4.2 Groundwater Pumping and Inflow from Alluvium Results 
 
The upper part of Table 11 summarizes the groundwater pumping by basin for four scenarios.  The 
lower part of Table 11 summarizes the inflow from the alluvium by basin for the same four 
scenarios. 
 

Table 11.  Summary of Groundwater Pumping and Inflow from Alluvium 

 
  
Based on these data, the groundwater pumping for each basin can be summarized as follows, 
depending on scenario: 
 

• Cypress Basin: 12 to 21 percent of GMA 11 pumping 
• Neches Basin: 48 to 55 percent of GMA 11 pumping 
• Sabine Basin: 22 to 25 percent of GMA 11 pumping 
• Sulphur Basin: 4 to 6 percent of GMA 11 pumping 
• Trinity Basin: 4 to 7 percent of GMA 11 pumping 

 
Please note that the inflow from the alluvium in the baseline is negative in all basins (except the 
Sulphur Basin).  The negative number represents an outflow from the bedrock aquifers to the 
alluvium and suggests net gaining stream conditions.  In contrast, all basins have positive numbers 
for Scenario 33 (the basis for the current DFC) and Scenario QC1.  Finally, Scenario 26.1 shows 
net gaining stream conditions in the Cypress and Trinity basins.  The net losing stream conditions 
for the other basins in Scenario 26.1 are mitigated by the reduced pumping.  For example, the 
increased pumping Neches Basin (the majority of the pumping in GMA 11) induces about 69,000 
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AF/yr from the alluvium into the bedrock aquifers, but only about 18,000 AF/yr is induced in 
Scenario 26.1. 
 
In the 2021 GMA 11 Explanatory Report, it was noted that about 72 percent of the pumping 
increase was sourced from surface water.  These groundwater budgets do not lend themselves to a 
clean analysis of the source of the increased pumping due to changes in interbasin movement of 
water, which is a significant component of the groundwater water budgets.  However, it is 
reasonable to conclude that these groundwater budgets demonstrate that most of the groundwater 
pumping is sourced from surface water rather than from groundwater storage. 
 
4.3 Interbasin Flow 
 
Interbasin flows from the groundwater budgets presented in Appendix A are discussed below by 
river basin (in alphabetical order). 
 
4.3.1 Cypress Basin 
 
Table 12 presents a summary of pumping and interbasin flow for the Cypress Basin. 
 

Table 12.  Groundwater Pumping and Interbasin Flow - Cypress Basin 

 
 
During the baseline simulation, there is a net inflow from the Sabine Basin to the Cypress Basin.  
In all the other scenarios, groundwater flow is from the Cypress Basin to the Sabine Basin.   
 
The changes in inflow from the Sulphur Basin correlate to changes in pumping in the Cypress 
Basin (more inflow with more pumping).  This suggests that some of the increased pumping in the 
Cypress Basin is sourced from the Sulphur Basin. 
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4.3.2 Neches Basin 
 
Table 13 presents a summary of pumping and interbasin flow for the Neches Basin. 
 

Table 13.  Groundwater Pumping and Interbasin Flow - Neches Basin 

 
 
Please recall that the majority of GMA 11 pumping is in the Neches Basin.  Under all scenarios, 
there is inflow from the Sabine and Trinity basins.  The changes in pumping correlate with the 
changes in inflow, which suggests that a relatively large amount of pumping in the Neches Basin 
is sourced from the Sabine and Trinity basins. 
 
4.3.3 Sabine Basin 
 
Table 14 presents a summary of pumping and interbasin flow for the Sabine Basin. 
 

Table 14.  Groundwater Pumping and Interbasin Flow - Sabine Basin 

 
 
The Sabine Basin border all of the other four basins in GMA 11.  In general, flow to and from the 
Sulphur and Trinity are minor.   
 
Under baseline conditions, there is outflow from the Sabine to the Cypress, but changes to inflow 
in the other three scenarios.  Correlation between pumping and inflow from Cypress is moderate. 
 
Outflow from the Sabine to the Neches occurs in all scenarios, and as noted above, Sabine Basin 
groundwater is a source of the increased pumping in the Neches Basin. 
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4.3.4 Sulphur Basin 
 
Table 15 presents a summary pumping and interbasin flow for the Sulphur Basin. 
 

Table 15.  Groundwater Pumping and Interbasin Flow - Sulphur Basin 

 
 
The inflow from the Sabine to the Sulphur Basin is relatively low.  As noted above, the outflow 
from the Sulphur Basin to the Cypress Basin is due to the increased pumping in the Cypress Basin. 
 
4.3.5 Trinity Basin 
 
Table 16 presents a summary of pumping and interbasin flow for the Trinity Basin. 
 

Table 16.  Groundwater Pumping and Interbasin Flow - Trinity Basin 

 
 
The Trinity Basin covers a relatively small part of GMA 11 on its western boundary, and pumping 
is relatively small.  As noted above, some of the increased pumping in the Neches Basin is sourced 
from outflow from the Trinity into the Neches Basin. 
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5.0 Average Drawdown Calculations 
 
GMA 11 has historically expressed desired future conditions (DFCs) as average drawdown by 
county and aquifer at the end of the planning period.  In 2021, the DFCs used 2080 as the end of 
the planning period.  TWDB has provided guidance that DFCs for the current round of joint 
planning should again use 2080 as the end of the planning period.  New requirement from HB 
2078 also require “intermediate” (decadal) DFCs.   
 
Average drawdown values were calculated from the output of Scenario 26.1 using the Fortran 
program getdd.exe, which calculated area-weighted average for each county for the Sparta, Queen 
City, and Carrizo-Wilcox aquifers.   
 
The decadal average drawdown results are presented as follows: 
 

• Table 17: Sparta Aquifer 
• Table 18: Queen City Aquifer 
• Table 19: Carrizo-Wilcox Aquifer 

 
 

Table 17.  Average Drawdown by County - Sparta Aquifer, Scenario 26.1 
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Table 18.  Average Drawdown by County – Queen City Aquifer, Scenario 26.1 
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Table 19.  Average Drawdown by County – Carrizo-Wilcox Aquifer, Scenario 26.1 

 
 
Please note that in many instances, drawdowns reach an equilibrium level and do not change in 
the last few decades.  However, in many instances, drawdowns continue to increase throughout all 
decades, which means that equilibrium levels have not yet been achieved by 2080.  As an example 
of this phenomenon, Figure 4 presents the annual average drawdown in the Carrio-Wilcox Aquifer 
for Anderson, Cherokee, and Houston counties. 
 
Please note that an equilibrium level would be reached in Houston County by 2050 under the 
pumping conditions of Scenario 26.1.  However, the Anderson County equilibrium level is not 
reached until 2070.  Finally, an equilibrium level has not been reached by 2080 in Cherokee 
County.  However, from 2040 to 2080, the average drawdown dropped by about one foot per 
decade. 
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Figure 4  Hydrograph of Carrizo-Wilcox Average Drawdown for Selected Counties, 
Scenario 26.1 

 
Table 20 presents a comparison of the 2080 county average drawdowns from Scenario 26.1 for the 
Carrizo-Wilcox Aquifer with the current DFCs and the average drawdowns from Scenario 33.  As 
noted on the table, the current DFC and the average drawdown for Scenario 33 are slightly 
different.  A minor difference is because the average drawdowns in Scenario 33 are from the 
updated GAM.  A more significant difference is due to the fact that the current DFCs are not area-
weighted averages and Scenario 33 (and Scenario 26.1) average drawdowns are area-weighted 
averages.   
 
The current GAM has a variable sized grid.  Thus, a non-weighted average would be an over 
representation of small cells and an under representation of large cells.  The average drawdowns 
for Scenario 33 and 26.1 correct that limitation. 
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Table 20.  Comparison of Current Carrizo-Wilcox DFC and 2080 Drawdown for Scenarios 
33 and 26.1 
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Groundwater Budgets for Five River Basins within GMA 11 
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