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EXECUTIVE SUMMARY: 

Ten simulations of groundwater pumping were run using the Groundwater 

Management Area 16 model.  Scenario 1 represented pumping that was requested by 

groundwater conservation district representatives of Groundwater Management Area 

16.  Scenarios 2 and 3 represented increases in pumping within the boundaries of 

Brush Country Groundwater Conservation District above the Scenario 1 values.  

Scenario 4 represented changes in Bee and McMullen counties from the Scenario 1 

values.  Scenarios 5 through 9 represented across-the-board decreases in pumping 

from Scenario 1.  Scenario 10 represented individual county-by-county changes in 

pumping from Scenario 1.  Scenarios 1 to 4 were completed by TWDB staff prior to the 

August 19, 2010 meeting of Groundwater Management 16.  Scenarios 5 through 10 

were completed during the August 19, 2010 meeting of Groundwater Management 16 

during discussion of Scenarios 1 through 4. 

Pumping and drawdown summaries of all ten scenarios are provided, as well as 

detailed sub-regional groundwater budgets of Scenario 10, which was used as the 

basis of establishing a desired future condition for Groundwater Management Area 16. 

REQUESTOR: 

Mr. Scott Bledsoe from the Live Oak Underground Water Conservation District acting 

on behalf of Groundwater Management Area 16.
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DESCRIPTION OF REQUEST: 

Ten simulations of groundwater pumping were run using the Groundwater 

Management Area 16 model.  Scenario 1 represented pumping that was requested by 

groundwater conservation district representatives of Groundwater Management Area 

16.  Scenarios 2 and 3 represented increases in pumping within the boundaries of 

Brush Country Groundwater Conservation District above the Scenario 1 values.  

Scenario 4 represented changes in Bee and McMullen counties from the Scenario 1 

values.  Scenarios 5 through 9 represented across-the-board decreases in pumping 

from Scenario 1.  Scenario 10 represented individual county-by-county changes in 

pumping from Scenario 1.  Scenarios 1 to 4 were completed by TWDB staff prior to the 

August 19, 2010 meeting of Groundwater Management 16.  Scenarios 5 through 10 

were completed during the August 19, 2010 meeting of Groundwater Management 16 

during discussion of Scenarios 1 through 4. 

PARAMETERS AND ASSUMPTIONS: 

 The Groundwater Management Area 16 groundwater flow model was used for 

these predictive simulations (Hutchison and others, 2011). 

 The groundwater flow model encompasses the boundaries of Groundwater 

Management Area 16 and its underlying aquifer systems. The Groundwater 

Management Area 16 model includes portions of the underlying Gulf Coast, 

Yegua-Jackson, and Queen City-Sparta Carrizo-Wilcox aquifer systems. 

Layers 1 through 4 represent the Gulf Coast Aquifer System which is 

comprised of the Chicot Aquifer, Evangeline Aquifer, Burkeville Confining 

System, and Jasper Aquifer in descending order. Layer 5 is a bulk 

representation of the Yegua-Jackson Aquifer System including parts of the 

Catahoula Formation and layer 6 is a bulk representation of the Queen-City, 

Sparta, Carrizo-Wilcox aquifers (Hutchison and others, 2011).   

 The transient groundwater flow model and the predictive simulations were run 

using MODFLOW 2000 (Harbaugh and others, 2000) with the Geometric 

Multigrid Solver (Wilson and Naff, 2004). 

 The River Package was used to simulate the effects of flow between rivers, 

reservoirs, streams, creeks and the underlying aquifer systems in the 

Groundwater Management Area 16 model (Hutchison and others, 2011). 
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 The Drain Package was used to simulate point (spring) and diffuse (wetland) 

discharges in the Groundwater Management Area 16 model (Hutchison and 

others, 2011). 

 The General-Head Package was used to simulate lateral groundwater flow in 

the Groundwater Management Area 16 model along model boundaries 

(Hutchison and others, 2011). 

 The average residual for the transient Groundwater Management Area 16 

model is 14.66 feet. The standard deviation divided by the range of measured 

groundwater elevations is 0.039 and the absolute residual mean divided by 

the range is 3 percent. 

METHODS AND RESULTS:  

The groundwater flow model for Groundwater Management Area 16 was calibrated 

from 1963 to 1999.  These predictive simulations used average recharge conditions 

that were based on 1963 through 1999 recharge values from the Groundwater 

Management Area 16 transient groundwater flow model, general-head boundary 

values for 1999, and the river stage values for 1987. The river stage values for 1987 

were used because annual precipitation factors drove the river stage estimates, and 

1987 was an “average” precipitation year.  

The simulations were run for 61 stress periods, covering the years 2000 to 2060.  

Pumping from 2000 to 2006 (stress periods 1 to 7) for all scenarios were set equal to 

pumping in the year 1999 from the calibrated model.  Pumping for stress periods 8 to 

60 were specified based on the scenario.  The 1999 pumping was used for the first 

seven years of the predictive scenarios in order to allow the groundwater levels to 

adjust to average recharge conditions.  Recharge for the last stress period in the 

transient model (1999) was relatively low compared to recharge averaged for 1963 

through 1999. Groundwater level changes (drawdown) were calculated as the change 

in water levels from the end of 2010 to the end of 2060. 

The pumping request by county and model layer made by the representatives of 

Groundwater Management Area 16 that was used in stress periods 8 to 60 of Scenario 

1 is presented in Table 1.  Pumping in Scenario 2 was a duplicate of the Scenario 1 

with the exception that groundwater pumping in Brush Country Groundwater 

Conservation District was increased by a factor of 3 for stress periods 8 through 61. 

These pumping amounts are summarized in Table 2 by model layer and county.  
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Pumping in Scenario 3 was also a duplicate of Scenario 1 with the exception that 

groundwater pumping in Brush Country Groundwater Conservation District was in 

increased by a factor of 5 for stress periods 8 through 61. These pumping amounts are 

summarized in Table 3 by model layer and county. 

Drawdown estimates for Scenarios 1, 2 and 3 by county and for Gulf Coast Aquifer 

model layers are summarized in Tables 4, 5 and 6, respectively.  

TABLE 1.  REQUESTED GROUNDWATER PUMPING FOR SCENARIO 1 IN GROUNDWATER MANAGEMENT 

16 BY COUNTY AND MODEL LAYER. ALL VALUES IN ACRE-FEET PER YEAR. 
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TABLE 2.  REQUESTED GROUNDWATER PUMPING FOR SCENARIO 2 IN GROUNDWATER MANAGEMENT 

16 BY COUNTY AND MODEL LAYER. ALL VALUES IN ACRE-FEET PER YEAR. 

 

TABLE 3.  REQUESTED GROUNDWATER PUMPING FOR SCENARIO 3 IN GROUNDWATER MANAGEMENT 
16 BY COUNTY AND MODEL LAYER. ALL VALUES IN ACRE-FEET PER YEAR. 
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TABLE 4.  ESTIMATED GROUNDWATER MANAGEMENT AREA 16 DRAWDOWN IN 2060 BASED ON 
SCENARIO 1 PUMPING BY COUNTY AND MODEL LAYER CALCULATED FROM END OF 2010 

CONDITIONS.  ALL VALUES IN FEET. 

 

TABLE 5.  ESTIMATED GROUNDWATER MANAGEMENT AREA 16 DRAWDOWN IN 2060 BASED ON 
SCENARIO 2 PUMPING BY COUNTY AND MODEL LAYER CALCULATED FROM END OF 2010 
CONDITIONS.  ALL VALUES IN FEET. 
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TABLE 6.  ESTIMATED GROUNDWATER MANAGEMENT AREA 16 DRAWDOWN IN 2060 BASED ON 
SCENARIO 3 PUMPING BY COUNTY AND MODEL LAYER CALCULATED FROM END OF 2010 

CONDITIONS.  ALL VALUES IN FEET. 

 

Based on a subsequent request prior to the August 19, 2010 meeting of Groundwater 

Management Area 16, Scenario 4 was run that included pumping reductions in Bee and 

Mc Mullen counties. A summary of the pumping for all four initial scenarios with only 

the county pumping totals is presented in Table 7, and pumping and drawdown 

comparison of Scenarios 1 and 4 by county is summarized in Table 8. 
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TABLE 7. SUMMARY OF PUMPING TOTALS FOR THE FIRST FOUR SCENARIOS.  ALL VALUES IN ACRE-

FEET PER YEAR. 
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TABLE 8. COMPARISON OF PUMPING AND ESTIMATED DRAWDOWN FOR SCENARIOS 1 AND 4. 

 

These four scenarios were discussed at the August 19, 2010 meeting of Groundwater 

Management Area 16.  Based on the discussion, a series of runs were developed that 

were based on Scenario 1 that were designed to develop a better understanding of 

the relationship between future pumping and future drawdown: 

 Scenario 5 represented 90 percent of the pumping of Scenario 1 

 Scenario 6 represented 80 percent of the pumping of Scenario 1 

 Scenario 7 represented 70 percent of the pumping of Scenario 1 

 Scenario 8 represented 60 percent of the pumping of Scenario 1 

 Scenario 9 represented 50 percent of the pumping of Scenario 1 
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Table 9 summarizes the pumping by county for Scenarios 5 to 9, and includes Scenario 

1 for comparison.  Table 10 summarizes the drawdown for Scenarios 5 to 9, and 

includes Scenario 1 for comparison. The pumping versus drawdown relationship of 

Scenario 1 and Scenarios 5 to 9 is summarized in Figure 1. 

TABLE 9.  SUMMARY OF PUMPING FOR SCENARIOS 5 TO 9 BY COUNTY.  ALL VALUES IN ACRE-FEET 

PER YEAR. 
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TABLE 10.  SUMMARY OF DRAWDOWN IN 2060 FOR SCENARIOS 5 TO 9 BY COUNTY.  ALL VALUES IN 

FEET, AND ARE BASED ON A STARTING POINT OF 2010 CONDITIONS. 

 

 

FIGURE 1.  PUMPING VERSUS DRAWDOWN OF SCENARIO 1 AND SCENARIOS 5 TO 9 FOR 

GROUNDWATER MANAGEMENT AREA 16. 

After further discussion, the groundwater conservation district representatives 

requested an additional model run, designated Scenario 10.  Pumping input for 

Scenario 10 was specified and represented changing the pumping in some counties 
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and not changing the pumping in other counties as compared to Scenario 1.  Pumping 

for Scenario 10 by county and model layer is summarized in Table 11.  Drawdown for 

Scenario 10 by county and model layer (Gulf Coast Aquifer only) and the average 

drawdown in the Gulf Coast Aquifer for each county are summarized in Table 12.  

Drawdown in each groundwater conservation district by model layer, the average 

drawdown in each groundwater conservation district and the total Gulf Coast Aquifer 

pumping in each groundwater conservation district is summarized in Table 13. 

TABLE 11. REQUESTED GROUNDWATER PUMPING FOR SCENARIO 10 IN GROUNDWATER 

MANAGEMENT 16 BY COUNTY AND MODEL LAYER. ALL VALUES IN ACRE-FEET PER YEAR. 
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TABLE 12. ESTIMATED GROUNDWATER MANAGEMENT AREA 16 DRAWDOWN IN 2060 BASED ON 
SCENARIO 10 PUMPING BY COUNTY AND MODEL LAYER CALCULATED FROM END OF 2010 

CONDITIONS.  ALL VALUES IN FEET. 

 

TABLE 13. ESTIMATED GROUNDWATER MANAGEMENT AREA 16 DRAWDOWN IN 2060 BASED ON 
SCENARIO 10 PUMPING BY GROUNDWATER CONSERVATION DISTRICT AND MODEL LAYER 
CALCULATED FROM END OF 2010 CONDITIONS.  GULF COAST AQUIFER AVERAGE 
DRAWDOWN AND PUMPING BY GROUNDWATER CONSERVATION DISTRICT ARE ALSO 

PRESENTED.  
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LIMITATIONS: 

The groundwater model used in completing this analysis is the best available scientific 

tool that can be used to meet the stated objective(s). To the extent that this analysis 

will be used for planning purposes and/or regulatory purposes related to pumping in 

the past and into the future, it is important to recognize the assumptions and 

limitations associated with the use of the results. In reviewing the use of models in 

environmental regulatory decision making, the National Research Council (2007) 

noted: 

“Models will always be constrained by computational limitations, assumptions, 
and knowledge gaps. They can best be viewed as tools to help inform decisions 
rather than as machines to generate truth or make decisions. Scientific 
advances will never make it possible to build a perfect model that accounts 
for every aspect of reality or to prove that a given model is correct in all 
respects for a particular regulatory application. These characteristics make 
evaluation of a regulatory model more complex than solely a comparison of 
measurement data with model results.” 

A key aspect of using the groundwater model to evaluate the impacts of future 

pumping is the need to make assumptions about the location in the aquifer where 

future pumping will occur. In this case, as noted, pumping in each county is evenly 

distributed.  This assumption was necessary, in part, due to the generally large 

increases in pumping as compared to historic pumping.  There is a fair degree of 

uncertainty in many of these estimates due to the large increases in pumping in areas 

that had not historically been stressed.  As actual pumping changes in the future, it 

will be necessary to evaluate the amount of that pumping as well as its location in the 

context of the assumptions associated with this analysis. Evaluating the amount and 

location of future pumping is as important as evaluating the changes in groundwater 

levels, spring flows, and other metrics that describe the impacts of that pumping. 

This analysis does not assess the possible impacts of pumping such as reduced water 

quality or land surface subsidence. 

In addition, certain assumptions have been made regarding future precipitation, 

recharge, and streamflow in evaluating the impacts of future pumping. Those 

assumptions also need to be considered and compared to actual future data.  

Given these limitations, users of this information are cautioned that the results should 

not be considered a definitive, permanent prediction of the changes in groundwater 
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storage, streamflow and spring flow.  Because the application of the groundwater 

model was designed to address regional scale questions, the results are most effective 

on a regional scale. The TWDB makes no warranties or representations relating to the 

actual conditions of any aquifer at a particular location or at a particular time. 

It is important for groundwater conservation districts to monitor future groundwater 

pumping and overall conditions of the aquifer. Because of the limitations of the 

groundwater model and the assumptions in this analysis, it is important that the 

groundwater conservation districts work with the TWDB to refine this analysis in the 

future given the reality of how the aquifer responds to the actual amount and 

location of pumping now and in the future. 

The groundwater conservation districts in Groundwater Management Area 16 adopted 

desired future conditions based on Scenario 10, and requested that TWDB develop 

sub-regional groundwater budgets for all county and district areas within 

Groundwater Management District 16.  These sub-regional groundwater budgets are 

summarized in Appendix A.  
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Appendix A 

Sub-Regional Groundwater Budgets for Groundwater Management Area 

16 Counties and Groundwater Conservation Districts
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TABLE A-1.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, GROUNDWATER 

MANAGEMENT AREA 16.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-2.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, GROUNDWATER 
MANAGEMENT AREA 16 OF BEE COUNTY.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT 

AS NOTED. 
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TABLE A-3.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, GROUNDWATER 
MANAGEMENT AREA 16 OF BEE COUNTY, NON-DISTRICT AREA.  ALL VALUES IN ACRE-

FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-4.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, BROOKS COUNTY, 
BRUSH COUNTRY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 
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TABLE A-5.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, BROOKS COUNTY, 
KENEDY COUNTY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 
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TABLE A-6.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, CAMERON COUNTY.  

ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-7.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, DUVAL COUNTY.  

ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-8.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, HIDALGO COUNTY, 
BRUSH COUNTRY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 
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TABLE A-9.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, HIDALGO COUNTY, 
KENEDY COUNTY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 
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TABLE A-10.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, HIDALGO COUNTY, 
RED SANDS GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET PER 

YEAR, EXCEPT AS NOTED. 
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TABLE A-11.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, HIDALGO COUNTY, 

NON-DISTRICT AREA.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-12.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, HIDALGO COUNTY, 

NON-DISTRICT AREA.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-13.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, JIM HOGG COUNTY.  

ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-14.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, JIM WELLS 
COUNTY, BRUSH COUNTRY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN 

ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-15.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, JIM WELLS 
COUNTY, KENEDY COUNTY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN 

ACRE-FEET PER YEAR, EXCEPT AS NOTED. 

 



Draft Report GAM Run 09-008: Groundwater Management Area 16 Model Runs to Estimate Drawdowns 

under Assumed Future Pumping for the Gulf Coast Aquifer 

June 7, 2011 

Page 34 of 47 

 

TABLE A-16.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, JIM WELLS 

COUNTY, NON-DISTRICT AREA.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-17.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, KENEDY COUNTY.  

ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-18.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, KLEBERG COUNTY, 
KENEDY COUNTY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 
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TABLE A-19.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, KLEBERG COUNTY, 

NON-DISTRICT AREA.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-20.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, LIVE OAK COUNTY.  

ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-21.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, GROUNDWATER 
MANAGEMENT AREA 16 PORTION OF MCMULLEN COUNTY.  ALL VALUES IN ACRE-FEET PER 

YEAR, EXCEPT AS NOTED. 
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TABLE A-22.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, NUECES COUNTY, 
CORPUS CHRISTI AQUIFER STORAGE AND RECOVERY CONSERVATION DISTRICT.  ALL 

VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-23.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, NUECES COUNTY, 
KENEDY COUNTY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 
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TABLE A-24.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, NUECES COUNTY, 

NON-DISTRICT AREA.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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TABLE A-25.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, SAN PATRICIO 

COUNTY.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 
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under Assumed Future Pumping for the Gulf Coast Aquifer 

June 7, 2011 
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TABLE A-26.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, STARR COUNTY.  

ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 

 



Draft Report GAM Run 09-008: Groundwater Management Area 16 Model Runs to Estimate Drawdowns 

under Assumed Future Pumping for the Gulf Coast Aquifer 

June 7, 2011 
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TABLE A-27.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, GROUNDWATER 
MANAGEMENT AREA 16 PORTION OF WEBB COUNTY.  ALL VALUES IN ACRE-FEET PER 

YEAR, EXCEPT AS NOTED. 

 



Draft Report GAM Run 09-008: Groundwater Management Area 16 Model Runs to Estimate Drawdowns 

under Assumed Future Pumping for the Gulf Coast Aquifer 

June 7, 2011 
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TABLE A-28.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, WILLACY COUNTY, 
KENEDY COUNTY GROUNDWATER CONSERVATION DISTRICT.  ALL VALUES IN ACRE-FEET 

PER YEAR, EXCEPT AS NOTED. 

 



Draft Report GAM Run 09-008: Groundwater Management Area 16 Model Runs to Estimate Drawdowns 

under Assumed Future Pumping for the Gulf Coast Aquifer 

June 7, 2011 
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TABLE A-29.  ANNUAL GROUNDWATER BUDGET FOR THE GULF COAST AQUIFER, WILLACY COUNTY, 

NON-DISTRICT AREA.  ALL VALUES IN ACRE-FEET PER YEAR, EXCEPT AS NOTED. 

 


