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1.0 Groundwater Management Area 11 
 
Groundwater Management Area 11 is one of sixteen groundwater management areas in Texas 
and covers a large portion of the northeastern part of the state (Figure 1). 
 

 

 
Figure 1.  Groundwater Management Area 11 

 
Groundwater Management Area 11 covers all or portions of the following counties: Anderson, 
Angelina, Bowie, Camp, Cass, Cherokee, Franklin, Gregg, Harrison, Henderson, Hopkins, 
Houston, Marion, Morris, Nacogdoches, Panola, Rains, Rusk, Sabine, San Augustine, Shelby, 
Smith, Titus, Trinity, Upshur, Van Zandt, and Wood (Figure 2). 

 
There are four groundwater conservation districts in Groundwater Management Area 11: Neches 
& Trinity Valleys Groundwater Conservation District, Panola County Groundwater Conservation 
District, Pineywoods Groundwater Conservation District, and Rusk County Groundwater 
Conservation District (Figure 3). 
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Figure 2.  Counties Entirely or Partially in GMA 11 (from TWDB) 
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Figure 3.  Groundwater Conservation Districts in GMA 11 (from TWDB) 

2.0 Desired Future Condition History in GMA 11 
2.1 Background 
 
The joint planning process is a result of HB 1763 that was adopted by the Texas State Legislature 
in 2005. Every five years, groundwater conservation districts within a groundwater management 
area must adopt desired future conditions (DFCs) for relevant aquifers within the groundwater 
management area. Desired future conditions are defined as a quantified condition of groundwater 
at a specified time or times in the future. Once the desired future conditions are adopted, the Texas 
Water Development Board calculates the modeled available groundwater (MAG) for the aquifer, 
which is the amount of pumping that will achieve the desired future condition. The desired future 
condition is essentially a planning goal. 
 
As a result of the definition of desired future condition (i.e. quantified condition), and the use of 
models to calculate the modeled available groundwater, groundwater availability models are an 
important aspect of developing desired future conditions. The Texas Water Development Board 
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developed groundwater availability models for nearly all aquifers in the state. These are used by 
groundwater conservation districts and regional planning groups as tools to define groundwater 
availability. However, as with any model, there are limitations to their use. These limitations must 
be considered and understood when using the results or output from the model. 
 
2.2 2010 Desired Future Conditions 
 
In 2010, GMA 11 adopted desired future conditions for the Sparta, Queen City, and Carrizo-
Wilcox aquifers. The desired future conditions were expressed in terms of average drawdown from 
2000 to 2060. The overall average drawdown for GMA 11 for all aquifers was 17 feet. A table 
was also included in the desired future condition resolution that listed average drawdown for each 
county and each model layer unit. This table was generated from a simulation using the 
groundwater availability model of the area. This approach provided a means for the Texas Water 
Development Board to calculate modeled available groundwater values. 
 
The use of average drawdown for purposes of developing desired future conditions is often 
confusing and misunderstood. Common misunderstandings include stating that the average 
drawdown is the same everywhere in the entire area of interest (i.e. county). Variations in pumping 
locations and amounts, and the natural variation of aquifer hydraulic conductivity and thickness 
will always result in varying drawdowns within the area of interest. In general, a regional average 
positive drawdown suggests that pumping has increased during the period of interest. Zero 
drawdown suggests that pumping is relatively constant. Negative drawdown suggests that there 
has been a pumping reduction. However, as is developed further in the technical memoranda that 
were developed as part of this proves, the presence of “negative drawdowns”, or groundwater level 
increases, are the result of model limitations. 
 
In 2010, there were instances where simulated future pumping was less than historic pumping 
as defined in the calibrated model. This, as expected, resulted in groundwater level recoveries (i.e. 
negative drawdown). In other instances, (i.e. the Queen City Aquifer) pumping was significantly 
above historic amounts. The simulated pumping in the Queen City Aquifer is high (as compared 
to historic pumping) and was guided by evaluating the model output from alternative increases in 
pumping. 
 
The development of the desired future conditions by GMA 11 in 2010 was based on evaluating a 
range of alternative model simulations and understanding the impacts of different amounts of 
pumping. During the development of the desired future condition in 2010, there was virtually no 
public input, despite numerous efforts to seek input from key stakeholders in GMA 11 by 
groundwater conservation district representatives. 
 

2.3 2016 Desired Future Conditions 
 
In response to specific input from various stakeholders, the 2016 round of joint planning included 
integration of the planned Forestar project and all the recommended and alternative water 
management strategies in the regional water plans from Region D and Region I. This additional 
pumping was included as a base case, and the effects of decreasing and increasing the base 
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pumping was evaluated. 
 
The process also included a closer evaluation of the output of the model and addressing more fully 
the limitations of using the model to develop desired future conditions. A key objective of 
developing the base case was that all pumping was the same as or greater than historic pumping to 
reduce or eliminate planned groundwater level recoveries. However, as developed as described in 
the associated technical memoranda that were developed as part of this process, there continued to 
be instances of negative drawdown which are attributable to model limitations. Model limitations 
included recharge conceptualization problems and model-specific issues related to the movement 
of groundwater from outcrop areas to downdip areas. These limitations resulted in rising 
groundwater levels in some of the outcrop areas. 

2.4 2021 Desired Future Conditions 
 
After considering the nine statutory factors, the groundwater conservation districts in Groundwater 
Management Area 11 voted to propose desired future conditions based on the Scenario 33 
documented in Technical Memorandum 21-01 on April 28, 2021. The groundwater conservation 
districts in Groundwater Management Area 11 received no public comments during the public 
comment period and voted to adopt desired future conditions based on Scenario 33 documented in 
Technical Memorandum 21-01 on August 11, 2021.  
 
The average drawdowns in the 2021 desired future conditions were greater than the average 
drawdowns in the 2010 and 2016 desired future conditions future conditions due to the updated 
GAM that has removed a limitation that caused unrealistic groundwater level increases due to the 
lack of ability for the model to move water from outcrop areas to downdip areas and issues with 
recharge conceptualization. 

Also as documented in Technical Memoranda 20-05 and 21-01, the future pumping in Scenario 
33 was less than the pumping assumed in 2010 and 2016 rounds of joint planning. This is also due 
to the improved model. As emphasized in Technical Memoranda 20-05 and 21-01, the pumping 
associated with the previous round of joint planning (2016) and the groundwater availability in the 
Region D and Region I water plans cannot be sustained with the assumed geographic distribution 
of pumping used in the predictive scenario. Thus, these lower pumping amounts were less than 
the previous groundwater availability values in the regional plans. These are not arbitrary 
reductions, nor are the reductions based on regulation. These pumping amounts reflect the results 
of an updated and improved groundwater model to make such predictions. 
 

2.5 Institutional Response to 2021 Desired Future Condition 
 
The efforts of GMA 11 to develop a desired future condition that would result in a sustainable 
amount of pumping through 2080 have not been recognized.  In 2023, Rubenstein and Puig-
Williams (2023) prepared a report that reviewed the joint planning process and provided 
recommendations to improve the process.  Despite having access to and interviewing the GMA 11 
consultant, Rubenstein and Puig-Williams (2023) ignored the accomplishments of GMA 11 and 
did not recognize the establishment of the sustainable pumping DFC in 2021. 
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At the January 2024 meeting of Region I, the regional planning group consultants misrepresented 
the 2021 DFC and MAG.  Specifically, the consultants raised concerns that the groundwater 
availability (MAG) had declined in comparison to 2016.  Furthermore, the Region I consultants 
were incorrect in their assertions that because the groundwater availability model was completed 
in the middle of the planning cycle GMA 11 “did not have time to make adjustments needed”.  
When GMA 11 GCD members at the Region I meeting explained that the updated model was used 
and that time was not an issue in calculating water availability, the Region I consultants “explained 
some of the possible problems with model updates and that the data may need to be adjusted in 
future planning cycles”. 
 
This exchange highlighted the dynamic tension that currently exists between regional planning 
groups (trying to maximize development to meet projected future demands) and groundwater 
conservation districts (trying to balance use with conservation).  Unfortunately, ignoring or 
criticizing the results of the joint planning process that are inconsistent with the maximum 
development paradigm only serve to confuse the real issues facing groundwater management. 
 
Rubenstein and Puig-Williams (2023) represent the opposite of the maximum development 
paradigm and suggested that the joint planning should focus on finding the amount of groundwater 
that can be “pumped from an aquifer without causing groundwater declines”.  This is a poorly  
posed question because any groundwater pumping will cause some groundwater level declines.  
 
A better concept to apply to the joint planning process is sustainable yield, which is the amount of 
water that can be pumped from an aquifer over a specified period without causing negative or 
undesirable effects.  The undesirable effects can be hydrogeologic, environmental, or economic. 
 

3.0 2026 Desired Future Conditions 
 

3.1 Application of Sustainable Yield Concepts 
  
It is recognized that the sustainable pumping associated with the 2021 desired future condition and 
sustainable yield are likely different depending on the definition of undesirable effects.  Identifying 
and characterizing “undesirable effects” is fundamentally improved when there is public 
participation.  GMA 11 has been notable since there has historically (prior to 2024) been no public 
participation despite outreach efforts.  The sustainable pumping approach developed in 2021 was 
developed by the groundwater conservation districts without the benefit of public participation. 
 
The sustainable pumping associated with the 2021 desired future condition provided a convenient 
foundation to address issues of sustainable yield.  Two specific metrics were used in 2025 and 
2026 to advance a more complete implementation of sustainable yield in GMA 11:  1) impact to 
streamflow and 2) quantifying (and ultimately limiting) the number of dry wells. 
 
Details of the implementation of sustainable yield concepts to the 2026 desired future condition 
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are presented in the discussion of joint planning factors and in Technical Memorandum 26-02 
(Appendix A). 
 

3.2 Proposed Desired Future Conditions 
 
After considering the statutory factors and balancing the development of groundwater with the 
conservation of groundwater, the groundwater conservation district in Groundwater Management 
Area 11 proposed a desired future conditions on April 28, 2026, based in Scenario 26.1 as detailed 
in Table 3.  As noted, the desired future condition are expressed as average drawdown for each 
county-aquifer unit from 2013 to 2080.  Required decadal values (for monitoring achievement) are 
included in Technical Memorandum 26-02 (Appendix A). 
 

Table 1.  2026 Desired Future Conditions (Average Drawdown from 2013 to 2080) 
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4.0 Policy Justification 
 
As developed more fully in this report, the proposed desired future condition was adopted after 
considering: 
 

• Aquifer uses and conditions within Groundwater Management Area 11 
• Water supply needs and water management strategies included in the 2021 Regional 

Water Plans 
• Hydrologic conditions within Groundwater Management Area 11 including total 

estimated recoverable storage, average annual recharge, inflows, and discharge 
• Other environmental impacts, including spring flow and other interactions between 

groundwater and surface water 
• The impact on subsidence 
• Socioeconomic impacts that are expected to occur 
• The impact on the interests and rights in private property, including ownership and the 

rights of landowners and their lessees and assigns in Groundwater Management Area 11 
in groundwater as recognized under Texas Water Code Section 36.002 

• The feasibility of achieving the desired future condition 
• Other information 

In addition, the proposed desired future condition provides a balance between the highest 
practicable level of groundwater production and the conservation, preservation, protection, 
recharging, and prevention of waste of groundwater in Groundwater Management Area 11.  This 
was accomplished in part by considering the results of several simulations with the Northern 
Carrizo-Wilcox, Sparta, and Queen City Groundwater Availability Model to compare the impacts 
of varying amounts of groundwater pumping.  Specific metrics used to assess impacts included 
surface water impacts and dry wells. 
 
There is no set formula or equation for calculating groundwater availability. This is because an 
estimate of groundwater availability requires the blending of policy and science. Given that the 
tools for scientific analysis (groundwater models) contain limitations and uncertainty, policy 
provides the guidance and defines the bounds that science can use to calculate groundwater 
availability. 
 
As developed more fully below, many of these factors could only be considered on a qualitative 
level since the available tools to evaluate these impacts have limitations and uncertainty. 
 
 
 
 
 
 



Desired Future Condition Explanatory Report (Draft 1) 
Carrizo-Wilcox/Queen City/Sparta Aquifers for Groundwater Management Area 11 

 

Page 12 

 

 

5.0 Technical Justification 
 

5.1 Groundwater Availability Model 
 
The desired future conditions for the Carrizo-Wilcox/Queen City/Sparta Aquifers were developed 
based on simulations of alternative scenarios of future pumping using the Groundwater Availability 
Model (GAM) of the northern Carrizo-Wilcox, Queen City, and Sparta aquifers (Panday and 
others, 2020) as updated by Hutchison (2026). This updated GAM superseded the previous GAM 
of the northern Carrizo-Wilcox Aquifer (Kelley and others, 2004) that was used to support the 
joint planning process in 2010 and 2016. The calibration period for the updated GAM was 1980 
to 2013. 
 
The updated GAM was the first one developed with the objective of supporting the joint planning 
process. Previous GAMs of the area were developed prior to the adoption of HB 1763 in 2005 and 
were used as a default tool. Part of the development of the updated GAM included running 
predictive simulations to evaluate its use in the joint planning process. Specifically, the initial 
predictive simulations included testing various levels of constant pumping from 2014 to 2080 and 
various levels of constant recharge from 2014 to 2080. These simulations demonstrated that the 
updated GAM would reach an equilibrium condition and, thus, would not suffer from the problems 
of rising groundwater levels like the older GAM. 
 
Conceptually, the model simulates groundwater flow in nine layers as shown in Figure 4. Due to 
the vertical interaction between aquifer units that is simulated in the GAM, the proposed desired 
future condition for all three aquifers were developed together. 
 

5.2 General Modeling Approach 
 
The process of using the groundwater model in developing desired future conditions revolves 
around the concept of incorporating many of the elements of the nine factors (e.g. current uses and 
water management strategies in the regional plan). In GMA 11, several model runs were 
completed, and the results were discussed prior to adopting the desired future condition. Some 
critics of the process asserted that the districts were “reverse-engineering” the desired future 
conditions by specifying pumping (e.g., the modeled available groundwater) and then adopting the 
resulting drawdown as the desired future condition. However, it must be remembered that among 
the input parameters for a predictive groundwater model run is pumping, and among the outputs 
of a predictive groundwater model run is drawdown. Thus, an interactive or iterative approach of 
running several predictive scenarios with models and then evaluating the results is a necessary 
(and time-consuming) step in the process of developing desired future conditions. 
 
 
 
 
 



Desired Future Condition Explanatory Report (Draft 1) 
Carrizo-Wilcox/Queen City/Sparta Aquifers for Groundwater Management Area 11 

 

Page 13 

 

 

 

 
 
 

Figure 4.  Conceptual Model of Flow (from Panday and others, 2020, Figure 2.0-2) 
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One part of the reverse-engineering critique of the process has been that “science” should be used 
in the development of desired future conditions. The critique plays on the unfortunate name of the 
groundwater models in Texas (Groundwater Availability Models) which could suggest that the 
models yield an availability number. This is simply a mischaracterization of how the models work 
(i.e. what is a model input and what is a model output). 
 
The critique also relies on a narrow definition of the term science and fails to recognize that the 
adoption of a desired future condition is primarily a policy decision. The call to use science in the 
development of desired future conditions seems to equate the term science with the terms facts and 
truth. Although the Latin origin of the word science means knowledge, the term science also refers 
to the application of the scientific method. The scientific method is discussed in many textbooks 
and can be viewed to quantify cause-and-effect relationships and to make useful predictions. 
 
In the case of groundwater management, the scientific method can be used to understand the 
relationship between groundwater pumping and drawdown, or groundwater pumping and spring 
flow. A groundwater model is a tool that can be used to run numerical “experiments” to better 
understand the cause-and-effect relationships within a groundwater system as they relate to 
groundwater management. 
 
Much of the consideration of the nine statutory factors involves understanding the effects or the 
impacts of a desired future condition (e.g. groundwater-surface water interaction and property 
rights). The use of the models in this manner in evaluating the impacts of alternative futures is an 
effective means of developing information for the groundwater conservation districts as they 
develop desired future conditions. 
 
 

5.3 Specific Application of Model 
 
Model simulations were completed in three steps: 
 

• An initial assessment of the model simulation that was the basis for the 2021 desired future 
condition in response to early public comments.  The objective of this analysis was to more 
fully evaluate surface water impacts and dry wells associated with the current desired future 
condition and identify a strategy to develop additional simulations to reduce impacts to 
“acceptable levels”.  This effort was summarized during the GMA 14 meeting of October 
14, 2025. 

• A series of model simulations that sequentially reduced pumping in the Queen City and 
Carrizo-Wilcox Aquifers and evaluating the impacts on surface water and dry wells.  This 
effort is documented in the first part of Technical Memorandum 26-02 (Appendix A). 

• Using the results of the pumping reduction simulations described above, develop a 
simulation where pumping results in a dry well impact of less than 10 percent in each 
county-aquifer unit for the Queen City and Carrizo-Wilcox Aquifers.  This effort is 
documented in the second part of Technical Memorandum 26-02 (Appendix A). 
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6.0 Factor Consideration 
 

6.1 Aquifer Uses and Conditions 
 
For purposes of joint planning, the aquifer uses, and conditions primarily relied on data and 
estimates from Panday and others (2020) rather than TWDB pumping estimates that had been used 
in previous rounds of joint planning. 

During the development of the updated GAM, Panday and others (2020) identified limitations in 
the datasets associated with the TWDB pumping estimates. In many instances, using the TWDB 
pumping estimates were found to be unreliable. Specifically, TWDB pumping data did not show 
a general trend between 1980 and 2013 while groundwater levels showed declines. Groundwater 
data were deemed more reliable because they are directly measured values. In contrast, the TWDB 
groundwater pumping estimates are derived from indirect methods. In addition, the method of 
estimation appeared to change after 1999. The uncertainty and general inconsistency led Panday 
and others (2020) to rely on the previous GAM and calibration methods to develop more robust 
pumping estimates based on historic groundwater level data. This method can be generally 
summarized to ensure that historic groundwater level declines are associated with increases in 
pumping. However, the approach was limited in that variations in groundwater elevations and 
pumping were relatively small during the calibration period. 
 
Figure 5 presents a comparison of 2013 pumping (from the GAM), 2023 pumping (from TWDB), 
and the current 2080 Modeled Available Groundwater (MAG) that was developed from the desired 
future condition that was adopted in 2021. 
 

 
Figure 5.  Pumping Comparisons by Aquifer 
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Please note that the current MAG represents much larger than current or historic pumping.  This 
was a result of attempting to meet state water plan demands as noted above.  The amount of 
increase is greater in the Queen City Aquifer than the increase in the Carrizo-Wilcox Aquifer. 
 

6.2 Water Supply Needs and Water Management Strategies 
 
As noted previously, the 2016 joint planning process used this factor as its primary consideration 
to ensure that the desired future conditions resulted in modeled available groundwater values that 
fully supported the regional planning process in Region D and Region I. 
 
The analyses associated with the 2021 joint planning process using the updated GAM showed that 
these pumping amounts are not sustainable under the assumed geographic distribution of wells in 
the simulation. As noted earlier, these reductions were not arbitrary, nor were the reductions 
based on regulation. These pumping amounts reflect the results of an updated and improved 
groundwater model to make such predictions. 
 
Based on public comments received at the GMA 14 meeting of October 14, 2025, this factor was 
de-emphasized in this round of joint planning.  This round of joint planning focused more on 
aquifer limitations and reducing impacts of increased pumping.  As a result, modeled available 
groundwater to meet the proposed desired future condition will be reduced in many county-aquifer 
units as a result of reducing dry wells and mitigating surface water impacts to the point that the 
impacts are not considered “unacceptable impacts”. 
 
Comparisons of the current MAG and the pumping from Scenario 26.1 (the basis for the desired 
future condition) for each aquifer are presented as follows: 
 

• Table 2 – Sparta Aquifer 
• Table 3 – Queen City Aquifer 
• Table 4 – Carrizo-Wilcox Aquifer 

 
In each table, the baseline pumping represents 2013 pumping from the GAM, the current MAG 
pumping is the modeled available groundwater from the 2021 joint planning process, and Scenario 
26.1 pumping is expected to be the modeled available groundwater from this round of joint 
planning.  Please note that the for the current MAG and Scenario 26.1, the percentage increase 
from the baseline is presented. 
 
Finally, as documented in Technical Memorandum 26-02, the yellow highlights in Table 4 
(Carrizo-Wilcox Aquifer) denote pumping reductions that were needed to limit dry wells to less 
than 10 percent in the specified county. 
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Table 2.  Pumping Comparison - Sparta Aquifer 

 
 

Table 3.  Pumping Comparison – Queen City Aquifer 
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Table 4.  Pumping Comparisons – Carrizo-Wilcox Aquifer 
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6.3 Hydrologic Conditions in GMA 11 
 
As required by statute, the groundwater conservation districts in Groundwater Management Area 
11 considered total estimated recoverable storage, average annual recharge, inflows, and discharge 
prior to adopting a proposed desired future condition. 
 

6.3.1 Total Estimated Recoverable Storage 
 
As required by statute, the Texas Water Development Board provided the groundwater 
conservation districts in Groundwater Management Area 11 with estimates of total recoverable 
storage (Wade and others, 2014). This report is included as Appendix B. Please note that these 
estimates are based on the previous GAM. TWDB has not yet updated these estimates with the 
updated GAM. 
 
A summary of total storage and the estimated range of recoverable storage for the three aquifers is 
presented in Table 5. 
 

Table 5.  Summary of Total Storage and the Estimated Range of Recoverable Storage 

 
Aquifer Total Storage 

(million acre-feet) 

Estimated Range of 
Recoverable Storage 

(million acre-feet) 

Sparta 55.3 13.8 to 41.5 

Queen City 142.0 35.5 to 106.5 

Carrizo-
Wilcox 2,070.6 517.7 to 1,553.0 

 
As detailed in the 2021 Explanatory Report, these estimates are likely overestimated by about 2 
orders of magnitude due to misuse of the specific yield values in the old GAM.  At the GMA 11 
meeting of October 14, 2025, the presentation included updated estimates using the new GAM and 
included an analysis of the depth profile of the storage.   
 
Figure 6 presents the depth profile of groundwater storage in the Carrizo-Wilcox Aquifer in GMA 
11.  Please note that the total storage is estimated to be about 20 million acre-feet.  Based on the 
analysis, about 5 million acre-feet is in the upper 1,000 ft of the aquifer, and about 7 million acre-
feet is in the upper 2,000 ft of the aquifer.   
 
Total storage is not a useful metric for groundwater management and should be dropped as a factor 
in joint planning.  Groundwater pumping is from a dynamic system (as noted in the discussion of 
the groundwater budget analysis), and storage generally plays a minor role in understanding 
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groundwater availability and impacts of increased pumping. 

 
Figure 6.  Total Groundwater Storage in GMA 11 

 

6.3.2 Average Annual Recharge, Inflows, and Discharge 
 
The 2021 Explanatory Report presented a groundwater budget analysis that estimated that the 
pumping increase associated with the desired future condition would be sourced as follows: 
 

• Surface water: 72%  
• Reduction in groundwater evapotranspiration: 15% 
• Storage reduction: 3% 
• GMA 12: 3% 
• GMA 14: 3% 
• Louisiana: 2% 
• Overlying Formations: 1% 

 
As detailed in Technical Memorandum 26-02 (Appendix A), the groundwater budget analysis for 
this round of joint planning was enhanced to include groundwater budgets for each major river 
basin in GMA 11 as defined by TWDB.  For comparative purposes, groundwater budgets for four 
simulations were developed for each major river basin and are included in Technical Memorandum 
26-02.  Groundwater Pertinent details of that analysis are presented here. 
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Recharge to each river basin is the same in each scenario: 
 

• Cypress: 48,254 AF/yr 
• Neches: 89,945 AF/yr 
• Sabine: 67,100 AF/yr 
• Sulphur: 10,660 AF/yr 
• Trinity: 19,373 AF/yr 

 
Groundwater pumping for each scenario is presented in the upper part of Table 6.  Inflow from the 
alluvial layer (taken to be the same as inflow from surface water over a long period) for each 
scenario is presented in the lower part of Table 6. 
 

Table 6.  Summary of Groundwater Pumping and Inflow from Alluvium 

 
 

6.4 Other Environmental Impacts 
 
This factor includes spring flow and other interactions between surface water and groundwater.  
The results from the groundwater budget analysis previously presented in Table 6 demonstrate the 
link between pumping and inflow from the alluvium.  The details of this analysis are included in 
Technical Memorandum 26-02 (Appendix A) and were discussed at the GMA 11 meeting of 
March 10, 2026.  The impact of increased pumping (as compared to the baseline scenario) on 
surface water inflow can be summarized as follows:  
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• Cypress Basin: Under baseline conditions, groundwater supplies a net of about 16,000 

AF/yr of baseflow.  Under the 2021 DFC, net baseflow is eliminated, and surface water 
provides about 39,000 AF/yr of recharge.  Under Scenario 26.1 (the basis for the 2026 
DFC), net baseflow conditions return and groundwater will provide about 2,600 AF/yr of 
baseflow. 

• Neches Basin:  Under baseline conditions, groundwater supplies a net of about 11,000 
AF/yr of baseflow.  Under the 2021 DFC, net baseflow is eliminated, and surface water 
provides about 59,000 AF/yr of recharge.  Under Scenario 26.1 (the basis for the 2026 
DFC), net baseflow conditions do not return, but the surface water recharge is reduced to 
about 7,000 AF/yr. 

• Sabine Basin: Under baseline conditions, groundwater supplies a net of about 16,000 AF/yr 
of baseflow.  Under the 2021 DFC, net baseflow is eliminated, and surface water provides 
about 34,000 AF/yr of recharge.  Under Scenario 26.1 (the basis for the 2026 DFC), net 
baseflow conditions do not return, but the surface water recharge is reduced to about 2,000 
AF/yr. 

• Sulphur Basin: Under all scenarios, surface water provides recharge to groundwater.  
Under baseline conditions, recharge is about 500 AF/yr.  Under the 2021 DFC, recharge is 
about 11,000 AF/yr.  Under Scenario 26.1 (the basis for the 2026 DFC), the recharge is 
about 8,000 AF/yr. 

• Trinity Basin: Under baseline conditions, groundwater supplies a net of about 6,000 AF/yr 
of baseflow.  Under the 2021 DFC, net baseflow is eliminated, and surface water provides 
about 5,000 AF/yr of recharge.  Under Scenario 26.1 (the basis for the 2026 DFC), net 
baseflow conditions return and groundwater will provide about 4,200 AF/yr of baseflow. 

 

6.5 Subsidence 
 
Subsidence has not been an issue historically in these aquifers. The Texas Water Development 
Board Subsidence Prediction Tool was used to assess the risk of subsidence in the future. This 
tool provides an overall risk score (0 is low risk and 10 is high risk). The application of this tool 
assumed the highest drawdown listed in Table 1 for each of the aquifers covered in this explanatory 
report. 
 
For the Sparta Aquifer, it was assumed that the drawdown from 2013 to 2080 was 23 feet from 
Table 1 (Rusk County). The risk score was 4.22 and the predicted subsidence was 0.03 feet in 
2080. 
 
For the Queen City Aquifer, it was assumed that the drawdown from 2013 to 2080 was 10 feet 
from Table 1 (Rusk County). The risk score was 4.22 and the predicted subsidence in 2080 is 0.00 
feet. 

For the Carrizo-Wilcox Aquifer, it was assumed that the drawdown from 2013 to 2080 was 77 feet 
from Table 1 (Smith County). The risk score was 4.69 and the predicted subsidence was 0.24 feet 
in 2080. 
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6.6 Socioeconomic Impacts and Private Property Rights 
 
The 2016 and 2021 Explanatory Reports discussed these items separately.  The 2016 DFC focused 
almost entirely on meeting the state water plan needs, and the 2021 DFC met needs to the 
maximum extent possible under the sustainable pumping approach.  Consequently, the Texas 
Water Development Board prepared reports for each Regional Planning Groups included in the 
Explanatory Reports.  These reports detailed the socioeconomic impact of not meeting the water 
management strategies in Region D and Region I 
 
The private property sections of the 2016 and 2021 Explanatory Reports stated that the increase in 
pumping would impact to existing well owners and to surface water resources, but, as part of 
balancing and given the lack of public participation, GMA 11 concluded that, on balance and with 
appropriate monitoring and project specific review during the permitting process, the DFC 
associated with a large pumping increase was approved. 
 
In the current round of joint planning, public comments received at the October 14, 2025 GMA 11 
meeting caused GMA 11 to reconsider its previous balancing conclusions.  As part of the analysis 
during this round, additional analyses were completed to evaluate surface water impacts (as 
discussed above) and analyses were completed to more fully assess dry wells associated with 
pumping increases. 
 
The analysis included identifying 4,217 wells in GMA 11 from the TWDB Groundwater Database 
that had good depth data.  These wells are presented in Figure 7.  Of course, these are not all the 
wells in GMA 11, but they provide a good framework to understand the potential for wells going 
dry under scenarios of increased pumping. 
 
Under the current DFC adopted in 2021, about 46 percent of the Queen City wells and about 12 
percent of the Carrizo-Wilcox wells would be dry by 2080.  For the purposes of this analysis, it 
was assumed that if a well had less than 20 ft of available drawdown, it would be considered dry. 
 
As presented during the March 10, 2026 GMA 11 meeting, the Scenario 26.1 was developed with 
the specific objective of reducing the percentage of dry wells in each aquifer and each county to 
less than 10 percent.  Table 7 summarizes the dry well analysis by aquifer for all of GMA 11.  
Table 8 summarizes the dry well analysis by county for all aquifers and the Carrizo-Wilcox 
Aquifer.  Please note that in each table, the results of the analysis for the previous DFC (Scenario 
33) is compared with the results of the analysis for the DFC for this round of joint planning 
(Scenario 26.1).  The yellow cells indicate that the 10 percent threshold is not met and the green 
cells represent the highest dry well percentage for the aquifer (Table 7) or for the county (Table 
8).  The two green cells in Table 8 represent one for all aquifers and one for the Carrizo-Wilcox 
Aquifer (labeled CW in the table). 
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Figure 7.  Well Locations in GMA 11 

 
 

Table 7. Dry Well Analysis by Aquifer for GMA 11 
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Table 8.  Dry Well Analysis by County for GMA 11 

 
 

6.7 Feasibility of Achieving the Desired Future Conditions 
 
Groundwater levels are routinely monitored by the districts and by the TWDB in GMA 11. 
Evaluating the monitoring data is a routine task for the districts, and the comparison of these data 
with the desired future condition and model results that were used to develop the DFCs is covered 
in each district’s management plan. These comparisons will be useful to guide the update of the 
DFCs that are required every five years. 
 
At the request of GMA 11, a comparison of measured drawdown and simulated drawdown from 
the simulation that was the basis for the 2021 DFC was completed.  The draft report (Hutchison, 
2024, dated May 2, 2024) was discussed at the GMA 11 meeting on May 15, 2024.   
 
Measured drawdown was obtained for 259 wells with groundwater elevation data at the end of 
2013 as shown in Figure 8. The baseline year of 2013 corresponds to the starting point for 
drawdown calculations in the desired future conditions.   
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Figure 8.  Well Locations for Drawdown Comparison 

Figure 9 presents the results of the analysis for all of GMA 11.  Please note the diagonal  
 
For this analysis, it is important to note that the DFC simulation is not an actual “prediction” 
because the simulated drawdown is associated with an assumed level of pumping (the modeled 
available groundwater).  The analysis demonstrated that there are no areas of GMA 11 that are 
inconsistent with the DFC (99% of measured drawdowns are less than simulated drawdowns). 
 
This method will be the basis for future comparisons with the new DFC to assess achievement. 
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6.9 Other Information 
 
As documented in the resolution adopting desired future conditions, the groundwater conservation 
districts in Groundwater Management Area 11 have classified the following aquifers as not 
relevant for the purposes of joint planning: 
 

• Gulf Coast Aquifer 
• Nacatoch Aquifer 
• Trinity Aquifer 
• Yegua-Jackson Aquifer 

Documentation in support of the classification is presented in Appendix C. 
 

7.0 Discussion of Other Desired Future Conditions 
Considered 
 

7.1 Past Desired Future Conditions 
 
Simulations associated with the joint planning process in 2010 and 2016 provided a basis for 
comparing various levels of pumping and the associated impacts to the nine statutory factors. 
Results of these simulations were presented at GMA 11 meetings and in technical memoranda. 
 
The release of the updated GAM in late 2020 prevented the running of large number of simulations 
during this round of joint planning. However, the predictive simulations developed as part of the 
development of the updated GAM as documented in Panday and others (2020) provided a solid 
foundation to understand the impacts of alternative pumping and recharge scenarios. 
 
Limitations associated with the old GAM resulted in an underprediction of average drawdowns 
due to the issues of recharge and the inability of water to move from the outcrop areas to the 
downdip areas of the aquifers. The updated GAM has corrected these limitations. 
 
As noted in the 2021 Explanatory Report, based on the simulations with the new GAM, the 
pumping associated with the previous round of joint planning and the groundwater availability in 
the Region D and Region I water plans cannot be sustained with the assumed geographic 
distribution of pumping used in the predictive scenario. GMA 11 considered desired future 
conditions that would have resulted in decreasing pumping from 2020 to 2080. This option was 
rejected partly due to a lack of public input and partly because it would complicate the regional 
planning process as groundwater availability would decrease each decade. 

Also as noted in the 2021 Explanatory Report, the modeled available groundwater values 
associated with these desired future conditions were less than the groundwater availability values 
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associated with the previous round of joint planning and lower than the values in the regional plans. 
This was not an arbitrary reduction, nor a reduction based on regulation. The reduction reflects 
the results of an updated and improved groundwater model to make such predictions. 
 

7.2 2026 Desired Future Conditions 
 
As noted above, this round of joint planning included public input that guided the GAM 
simulations.  After evaluating the impacts of the 2021 DFC, twenty simulations were completed 
to further assess the impacts of increased pumping on groundwater-surface water impacts and 
analyzed the impact of increased pumping on the number of dry wells that would occur.   
 
Based on the results, a simulation that was designed to reduce surface water and limit the number 
of dry wells to 10 percent in each county-aquifer unit. 

8.0 Discussion of Other Recommendations 
 

To be completed after public comment period. 
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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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EXECUTIVE SUMMARY: 

Texas Water Code, §36.108 (d) (Texas Water Code, 2011) states that, before voting on the 

proposed desired future conditions for a relevant aquifer within a groundwater management 

area, the groundwater conservation districts shall consider the total estimated recoverable 

storage as provided by the executive administrator of the Texas Water Development Board 

(TWDB) along with other factors listed in §36.108 (d). Texas Administrative Code Rule 

§356.10(24) (Texas Administrative Code, 2011) defines the total estimated recoverable 

storage as the estimated amount of groundwater within an aquifer that accounts for recovery 

scenarios that range between 25 percent and 75 percent of the porosity-adjusted aquifer 

volume. 

This report discusses the methods, assumptions, and results of an analysis to estimate the 

total recoverable storage for the Trinity, Nacatoch, Carrizo-Wilcox, Queen City, Sparta, 

Yegua-Jackson, and Gulf Coast aquifers within Groundwater Management Area 11. Tables 1 

through 14 summarize the total estimated recoverable storage required by the statute. 

Figures 2 through 8 indicate the official extent of the aquifers in Groundwater Management 

Area 11 used to estimate the total recoverable storage.  

DEFINITION OF TOTAL ESTIMATED RECOVERABLE STORAGE: 

The total estimated recoverable storage is defined as the estimated amount of groundwater 

within an aquifer that accounts for recovery scenarios that range between 25 percent and 75 
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percent of the porosity-adjusted aquifer volume. In other words, we assume that only 25 to 

75 percent of groundwater held within an aquifer can be removed by pumping.  

The total recoverable storage was estimated for the portion of the aquifer within 

Groundwater Management Area 11 that lies within the official lateral aquifer boundaries as 

delineated by George and others (2011). Total estimated recoverable storage values may 

include a mixture of water quality types, including fresh, brackish, and saline groundwater, 

because the available data and the existing groundwater availability models do not permit the 

differentiation between different water quality types. The total estimated recoverable 

storage values do not take into account the effects of land surface subsidence, degradation of 

water quality, or any changes to surface water-groundwater interaction that may occur as the 

result of extracting groundwater from the aquifer. 

METHODS: 

To estimate the total recoverable storage of an aquifer, we first calculated the total storage 

in an aquifer within the official aquifer boundary. The total storage is the volume of 

groundwater removed by pumping that completely drains the aquifer. 

Aquifers can be either unconfined or confined (Figure 1). A well screened in an unconfined 

aquifer will have a water level equal to the water level in the aquifer outside the well. A 

confined aquifer is bounded by low permeable geologic units at the top and bottom, and the 

aquifer is under hydraulic pressure above the ambient atmospheric pressure. The water level 

in a well screened in a confined aquifer will be above the top of the aquifer. As a result, 

calculation of total storage is different between unconfined and confined aquifers. For an 

unconfined aquifer, the total storage is equal to the volume of groundwater removed by 

pumping that makes the water level fall to the aquifer bottom. For a confined aquifer, the 

total storage contains two parts. The first part is the groundwater released from the aquifer 

when the water level falls from above the top of the aquifer to the top of the aquifer. The 

reduction of hydraulic pressure in the aquifer by pumping causes expansion of groundwater 

and deformation of aquifer solids. The aquifer is still fully saturated to this point. The second 

part, just like unconfined aquifer, is the groundwater released from the aquifer when the 

water level falls from the top to the bottom of the aquifer. Given the same aquifer area and 

water level drop, the amount of water released in the second part is much greater than the 
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first part. The difference is quantified by two parameters: storativity related to confined 

aquifers and specific yield related to unconfined aquifers. For example, storativity values 

range from 10-5 to 10-3 for most confined aquifers, while the specific yield values can be 0.01 

to 0.3 for most unconfined aquifers. The equations for calculating the total storage are 

presented below: 

 for unconfined aquifers 

                                 (                  ) 

 for confined aquifers 

                                     

o confined part 

                [   (               )] 

    or  

                [     (          )  (               )] 

 

o unconfined part 

               [   (          )] 

where: 

          = storage volume due to water draining from the formation (acre-feet) 

           = storage volume due to elastic properties of the aquifer and water(acre-feet) 

 Area = area of aquifer (acre) 

 Water Level = groundwater elevation (feet above mean sea level) 

 Top = elevation of aquifer top (feet above mean sea level) 

 Bottom = elevation of aquifer bottom (feet above mean sea level) 

 Sy = specific yield (no units) 

 Ss = specific storage (1/feet) 

 S = storativity or storage coefficient (no units) 
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FIGURE 1. SCHEMATIC GRAPH SHOWING THE DIFFERENCE BETWEEN UNCONFINED AND CONFINED 
AQUIFERS. 

 
As presented in the equations, calculation of the total storage requires data, such as aquifer 

top, aquifer bottom, aquifer storage properties, and water level. For the Trinity, Nacatoch, 

Carrizo-Wilcox, Queen City, Sparta, Yegua-Jackson, and Gulf Coast aquifers within 

Groundwater Management Area 11 we extracted this information from existing groundwater 

availability model input and output files on a cell-by-cell basis.  

 

The recoverable storage for each of the aquifers listed above was the product of its total 

storage and an estimated factor ranging from 25 percent to 75 percent. 

PARAMETERS AND ASSUMPTIONS: 

Trinity Aquifer 

 We used version 1.01 of the groundwater availability model for the northern part of 

the Trinity Aquifer and the Woodbine Aquifer to estimate the total recoverable 

storage for the Trinity Aquifer. The Woodbine Aquifer is not present in Groundwater 
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Management Area 11. See Bené and others (2004) for assumptions and limitations of 

the groundwater availability model.  

 This groundwater availability model includes seven layers which generally represent 

the Woodbine Aquifer (Layer 1), the Washita and Fredericksburg Confining Unit (Layer 

2), the Paluxy Aquifer Unit of the Trinity Aquifer (Layer 3), the Glen Rose Confining 

Unit of the Trinity Aquifer (Layer 4), the Hensell Sand Aquifer Unit of the Trinity 

Aquifer (Layer 5), the Twin Mountains Confining Units of the Trinity Aquifer (Layer 6), 

and the Hosston Aquifer Unit of the Trinity Aquifer (Layer 7). To develop the estimates 

for the total estimated recoverable storage, we used Layers 3 through 7 (the Trinity 

Aquifer).  

 The down-dip boundary of the model is the Luling-Mexia-Talco Fault Zone, which 

probably allows minimal groundwater flow across the fault zone (Bené and others, 

2004). The groundwater in the official extent of the northern portion of the Trinity 

Aquifer aquifers ranges from fresh to moderately saline (brackish) in composition 

(Bené and others, 2004).  

Nacatoch Aquifer  

 We used version 1.01 of the groundwater availability model for the Nacatoch Aquifer. 

See Beach and others (2009) for assumptions and limitations of the groundwater 

availability model for the Nacatoch Aquifer.  

 This groundwater availability model includes two layers which represent the Midway 

Group, and alluvium and terrace deposits (Layer 1), and the Nacatoch Aquifer (Layer 

2).  

 The total estimated recoverable storage for the Nacatoch Aquifer was calculated using 

Layer 2. 

 Groundwater in the Nacatoch Aquifer is generally fresh within Groundwater 

Management Area 11 (Beach and others, 2009). Groundwater with total dissolved 

solids of less than 1,000 milligrams per liter is defined as fresh.  Groundwater with 

total dissolved solids between 1,000 to 10,000 milligrams per liter is defined as 

brackish, and groundwater with total dissolved solids between 10,000 and 35,000 

milligrams per liter is defined as saline (George and others, 2011). 
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Carrizo-Wilcox, Queen City, and Sparta aquifers  

 We used Version 2.01 of the groundwater availability model for the northern part of 

the Carrizo-Wilcox, Queen City, and Sparta aquifers. See Fryar and others (2003) and 

Kelley and others (2004) for assumptions and limitations of the groundwater 

availability model for the northern part of the Carrizo-Wilcox, Queen City, and Sparta 

aquifers.  

 The groundwater availability model includes eight layers that generally correspond to 

the Sparta Aquifer (Layer 1), the Weches Confining Unit (Layer 2), the Queen City 

Aquifer (Layer 3), the Reklaw Confining Unit (Layer 4), the Carrizo Aquifer (Layer 5), 

the Upper Wilcox Aquifer (Layer 6), the Middle Wilcox Aquifer (Layer 7), and the 

Lower Wilcox Aquifer (Layer 8). 

 In the Sabine Uplift area, the Simsboro Formation (Middle Wilcox Aquifer) is not 

distinguishable and the Wilcox Group is informally divided into the Upper Wilcox and 

the Lower Wilcox aquifers (Fryar and others, 2003). In the current version of the 

groundwater availability model, layers 6 and 7 represent the Upper Wilcox and Lower 

Wilcox aquifers in this area. Layer 8 is included in the model in this area, but it is of 

nominal thickness and is not intended to represent the Lower Wilcox aquifer.  

Yegua-Jackson Aquifer and the Catahoula Formation portion of the Gulf Coast 

Aquifer System 

 We used version 1.01 of the groundwater availability model for the Yegua-Jackson 

Aquifer to estimate the total recoverable storages of the Yegua-Jackson Aquifer and 

parts of the Catahoula Formation. See Deeds and others (2010) for assumptions and 

limitations of the groundwater availability model.  

 This groundwater availability model includes five layers which represent the outcrop 

section for the Yegua-Jackson Aquifer and the Catahoula Formation and other younger 

overlying units (Layer 1), the upper portion of the Jackson Group (Layer 2), the lower 

portion of the Jackson Group (Layer 3), the upper portion of the Yegua Group (Layer 

4), and the lower portion of the Yegua Group (Layer 5). To develop the estimates for 

the total estimated recoverable storage in the Yegua-Jackson Aquifer, we used layers 
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1 through 5.  However, we only used model cells in Layer 1 to evaluate the outcrop 

area of the Yegua-Jackson Aquifer.  

 The down-dip boundary for the Yegua-Jackson Aquifer in this model was set to 

approximately coincide with the extent of the available geologic data, much deeper 

than any portion of the aquifer that is used for groundwater supply (Deeds and others, 

2010). Consequently, the model extends into zones of brackish and saline 

groundwater. The groundwater in the official extent of the Yegua-Jackson Aquifer 

ranges from fresh to brackish in composition (Deeds and others, 2010). 

Gulf Coast Aquifer System 

 We used version 3.01 of the groundwater availability model for the northern portion of 

the Gulf Coast Aquifer system for this analysis. See Kasmarek (2013) for assumptions 

and limitations of the model.  

 The model has four layers which represent the Chicot Aquifer (Layer 1), the 

Evangeline Aquifer (Layer 2), the Burkeville confining unit (Layer 3), and the Jasper 

Aquifer and parts of the Catahoula Formation in direct hydrologic communication with 

the Jasper Aquifer (Layer 4).  

 The southeastern boundary of flow in each hydrogeologic unit of the model was set at 

the down-dip limit of freshwater (up to 10,000 milligrams per liter of total dissolved 

solids; Kasmarek, 2013). 

RESULTS: 

Tables 1 through 14 summarize the total estimated recoverable storage required by statute. 

The county and groundwater conservation district total storage estimates are rounded to two 

significant digits. Figures 2 through 8 indicate the extent of the groundwater availability 

models in Groundwater Management Area 11 from which the storage information was 

extracted. 
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TABLE 1. TOTAL ESTIMATED RECOVERABLE STORAGE BY COUNTY FOR THE TRINITY AQUIFER WITHIN 
GROUNDWATER MANAGEMENT AREA 11. COUNTY TOTAL ESTIMATES ARE ROUNDED TO 

TWO SIGNIFICANT DIGITS. 

County Total Storage 

(acre-feet) 

25 percent of Total 

Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

Henderson 500,000 125,000 375,000 

Total 500,000 125,000 375,000 

 

TABLE 2. TOTAL ESTIMATED RECOVERABLE STORAGE BY GROUNDWATER CONSERVATION DISTRICT 
FOR THE TRINITY AQUIFER WITHIN GROUNDWATER MANAGEMENT AREA 11. 
GROUNDWATER CONSERVATION DISTRICT TOTAL ESTIMATES ARE ROUNDED TO TWO 

SIGNIFICANT DIGITS. 

Groundwater Conservation 

District (GCD) 
Total Storage 

(acre-feet) 

25 percent of Total 

Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

Neches & Trinity 

Valleys GCD 500,000 125,000 375,000 

Total 500,000 125,000 375,000 
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FIGURE 2 EXTENT OF THE GROUNDWATER AVAILABILITY MODEL FOR THE NORTHERN TRINITY AND 
WOODBINE AQUIFERS USED TO ESTIMATE TOTAL RECOVERABLE STORAGE FOR THE 

TRINITY AQUIFER (TABLES 1 AND 2) WITHIN GROUNDWATER MANAGEMENT AREA 11. 
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TABLE 3. TOTAL ESTIMATED RECOVERABLE STORAGE BY COUNTY FOR THE NACATOCH AQUIFER IN 
GROUNDWATER MANAGEMENT AREA 11. COUNTY TOTAL ESTIMATES ARE ROUNDED TO 

TWO SIGNIFICANT DIGITS. 

County 
Total Storage 

(acre-feet) 
25 percent of Total Storage 

(acre-feet) 
75 percent of Total Storage 

(acre-feet) 

Bowie 140,000 35,000 105,000 

Henderson 9,800 2,450 7,350 

Morris 2,900 725 2,175 

Red River 11,000 2,750 8,250 

Titus 15,000 3,750 11,250 

Total 178,700 44,675 134,025 

 

TABLE 4. TOTAL ESTIMATED RECOVERABLE STORAGE BY GROUNDWATER CONSERVATION DISTRICT1 
FOR THE NACATOCH AQUIFER IN GROUNDWATER MANAGEMENT AREA 11. GROUNDWATER 

CONSERVATION DISTRICT TOTAL ESTIMATES ARE ROUNDED TO TWO SIGNIFICANT DIGITS. 

Groundwater Conservation 
District (GCD) 

Total Storage 
(acre-feet) 

25 percent of Total 
Storage 

(acre-feet) 

75 percent of Total 
Storage 

(acre-feet) 

No District 160,000 40,000 120,000 

Neches & Trinity Valleys 

GCD 9,800 2,450 7,350 

Total 169,800 42,450 127,350 

  

                                                                 

1
 The total estimated recoverable storage values by groundwater conservation district and county for 

an aquifer may not be the same because the numbers have been rounded to two significant digits. 
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FIGURE 3. EXTENT OF THE GROUNDWATER AVAILABILITY MODEL FOR THE NACATOCH AQUIFER 
USED TO ESTIMATE TOTAL RECOVERABLE STORAGE FOR THE NACATOCH AQUIFER 
(TABLES 3 AND 4) WITHIN GROUNDWATER MANAGEMENT AREA 11. 
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TABLE 5. TOTAL ESTIMATED RECOVERABLE STORAGE BY COUNTY FOR THE CARRIZO-WILCOX 
AQUIFER WITHIN GROUNDWATER MANAGEMENT AREA 11. COUNTY TOTAL ESTIMATES 

ARE ROUNDED TO TWO SIGNIFICANT DIGITS. 

County Total Storage 

(acre-feet) 

25 percent of Total 

Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

Anderson 170,000,000 42,500,000 127,500,000 

Angelina 130,000,000 32,500,000 97,500,000 

Bowie 6,400,000 1,600,000 4,800,000 

Camp 15,000,000 3,750,000 11,250,000 

Cass 60,000,000 15,000,000 45,000,000 

Cherokee 200,000,000 50,000,000 150,000,000 

Franklin 6,000,000 1,500,000 4,500,000 

Gregg 21,000,000 5,250,000 15,750,000 

Harrison 40,000,000 10,000,000 30,000,000 

Henderson 66,000,000 16,500,000 49,500,000 

Hopkins 7,000,000 1,750,000 5,250,000 

Houston 390,000,000 97,500,000 292,500,000 

Marion 25,000,000 6,250,000 18,750,000 

Morris 16,000,000 4,000,000 12,000,000 

Nacogdoches 210,000,000 52,500,000 157,500,000 

Panola 33,000,000 8,250,000 24,750,000 

Rains 3,200,000 800,000 2,400,000 

Red River 33,000 8,250 24,750 

Rusk 100,000,000 25,000,000 75,000,000 

Sabine 78,000,000 19,500,000 58,500,000 
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County Total Storage 

(acre-feet) 

25 percent of Total 

Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

San Augustine 110,000,000 27,500,000 82,500,000 

Shelby 85,000,000 21,250,000 63,750,000 

Smith 100,000,000 25,000,000 75,000,000 

Titus 13,000,000 3,250,000 9,750,000 

Trinity 43,000,000 10,750,000 32,250,000 

Upshur 45,000,000 11,250,000 33,750,000 

Van Zandt 35,000,000 8,750,000 26,250,000 

Wood 54,000,000 13,500,000 40,500,000 

Total 
2,061,633,000 515,408,250 1,546,224,750 
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TABLE 6. TOTAL ESTIMATED RECOVERABLE STORAGE BY GROUNDWATER CONSERVATION DISTRICT 2 
FOR THE CARRIZO-WILCOX AQUIFER WITHIN GROUNDWATER MANAGEMENT AREA 11. 
GROUNDWATER CONSERVATION DISTRICT TOTAL ESTIMATES ARE ROUNDED TO TWO 

SIGNIFICANT DIGITS. 

                                                                 

2 The total estimated recoverable storage values by groundwater conservation district and county for 
an aquifer may not be the same because the numbers have been rounded to two significant digits. 
3 UWCD stands for Underground Water Conservation District 
4
 Deep East Texas Groundwater Conservation District is pending confirmation. 

Groundwater 

Conservation District 

(GCD) 

Total Storage 

(acre-feet) 

25 percent of Total 

Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

No District 890,000,000 222,500,000 667,500,000 

Anderson County 

UWCD3 7,600,000 1,900,000 5,700,000 

Deep East Texas 

GCD4 270,000,000 67,500,000 202,500,000 

Neches & Trinity 

Valleys GCD 430,000,000 107,500,000 322,500,000 

Panola County 

GCD 33,000,000 8,250,000 24,750,000 

Pineywoods GCD 340,000,000 85,000,000 255,000,000 

Rusk County GCD 100,000,000 25,000,000 75,000,000 

Total 
2,070,600,000 517,650,000 1,552,950,000 
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FIGURE 4. EXTENT OF THE GROUNDWATER AVAILABILITY MODEL FOR THE NORTHERN PART OF THE 
CARRIZO-WILCOX, QUEEN CITY, AND SPARTA AQUIFERS USED TO ESTIMATE TOTAL 
RECOVERABLE STORAGE FOR THE CARRIZO-WILCOX AQUIFER (TABLES 5 AND 6) WITHIN 
GROUNDWATER MANAGEMENT AREA 11. 
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TABLE 7. TOTAL ESTIMATED RECOVERABLE STORAGE BY COUNTY FOR THE QUEEN CITY AQUIFER 
WITHIN GROUNDWATER MANAGEMENT AREA 11. COUNTY TOTAL ESTIMATES ARE 

ROUNDED TO TWO SIGNIFICANT DIGITS. 

 

  
County Total Storage 

(acre-feet) 

25 percent of 

Total Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

Anderson 19,000,000 4,750,000 14,250,000 

Angelina 2,000,000 500,000 1,500,000 

Camp 600,000 150,000 450,000 

Cass 8,000,000 2,000,000 6,000,000 

Cherokee 15,000,000 3,750,000 11,250,000 

Gregg 1,500,000 375,000 1,125,000 

Harrison 1,200,000 300,000 900,000 

Henderson 6,700,000 1,675,000 5,025,000 

Houston 37,000,000 9,250,000 27,750,000 

Marion 2,500,000 625,000 1,875,000 

Morris 1,300,000 325,000 975,000 

Nacogdoches 4,500,000 1,125,000 3,375,000 

Rusk 58,000 14,500 43,500 

Smith 23,000,000 5,750,000 17,250,000 

Titus 63,000 15,750 47,250 

Trinity 1,900,000 475,000 1,425,000 

Upshur 7,800,000 1,950,000 5,850,000 

Van Zandt 1,200,000 300,000 900,000 

Wood 8,700,000 2,175,000 6,525,000 

Total 
142,021,000 35,505,250 106,515,750 
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TABLE 8. TOTAL ESTIMATED RECOVERABLE STORAGE BY GROUNDWATER CONSERVATION DISTRICT5 
FOR THE QUEEN CITY AQUIFER WITHIN GROUNDWATER MANAGEMENT AREA 11. 
GROUNDWATER CONSERVATION DISTRICT TOTAL ESTIMATES ARE ROUNDED TO TWO 

SIGNIFICANT DIGITS. 

  

                                                                 

5
 The total estimated recoverable storage values by groundwater conservation district and county for 

an aquifer may not be the same because the numbers have been rounded to two significant digits. 
6
 UWCD stands for Underground Water Conservation District 

Groundwater 

Conservation District 

(GCD) 

Total Storage 

(acre-feet) 

25 percent of Total 

Storage 

(acre-feet) 

75 percent of Total 

Storage 

(acre-feet) 

No District 95,000,000 23,750,000 71,250,000 

Anderson County 

UWCD6 550,000 137,500 412,500 

Neches & Trinity 

Valleys GCD 40,000,000 10,000,000 30,000,000 

Pineywoods GCD 6,500,000 1,625,000 4,875,000 

Rusk County GCD 58,000 14,500 43,500 

Total 
142,108,000 35,527,000 106,581,000 
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FIGURE 5. EXTENT OF THE GROUNDWATER AVAILABILITY MODEL FOR THE NORTHERN PART OF THE 
CARRIZO-WILCOX, QUEEN CITY, AND SPARTA AQUIFERS USED TO ESTIMATE TOTAL 
RECOVERABLE STORAGE FOR THE QUEEN CITY AQUIFER (TABLES 7 AND 8) WITHIN 

GROUNDWATER MANAGEMENT AREA 11. 



















http://www.twdb.texas.gov/groundwater/models/gam/nctc/NCTC_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/nctc/NCTC_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/trnt_n/TRNT_N_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/trnt_n/TRNT_N_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/ygjk/YGJK_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/ygjk/YGJK_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/czwx_n/czwx_n.asp
http://www.twdb.texas.gov/groundwater/aquifer/index.asp
http://www.twdb.texas.gov/groundwater/models/gam/glfc_n/HAGM.SIR.Version1.1.November2013.pdf
http://www.twdb.texas.gov/groundwater/models/gam/glfc_n/HAGM.SIR.Version1.1.November2013.pdf
http://www.twdb.texas.gov/groundwater/models/gam/qcsp/QCSP_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/qcsp/QCSP_Model_Report.pdf
http://www.nap.edu/catalog.php?record_id=11972


http://info.sos.state.tx.us/pls/pub/readtac$ext.viewtac
http://www.statutes.legis.state.tx.us/docs/WA/pdf/WA.36.pdf
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