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Evaluation of HDR/SAWS Modeling of the Carrizo-Wilcox Aquifer 
 in Lee, Bastrop, and Milam Counties, Texas 

 
Introduction 
 
This is an evaluation of groundwater modeling performed by HDR Engineering, Inc. (HDR) 
for the San Antonio Water System (SAWS). The purpose of the modeling was to estimate 
drawdowns in the Carrizo-Wilcox Aquifer as a result of pumpage associated with the 
proposed transfer of water to San Antonio1. The model does not address the effects of 
pumpage on the flow of springs and streams. 
 
This evaluation is based on examination of HDR model input and output files, as well as 
independent runs of the model2. 
 
Background 
 
The study area is in Central Texas (figure 1). HDR used the computer code MODFLOW3 to 
simulate the effects of increased pumpage from the Carrizo-Wilcox Aquifer. The model 
simulates flow in five hydrogeologic units: undifferentiated “younger’ strata, the Carrizo 
Aquifer, the Calvert Bluff Formation, the Simsboro Aquifer, and the Hooper Formation (figure 
2). The model uses artificial boundaries. The southwest and northeast boundaries of the 
study area are treated as no-flow boundaries. The southeast boundary is treated as a 
constant head (no drawdown) boundary. The northwest boundary is a natural no-flow 
boundary that represents the Midway Group; a relatively impermeable unit that is not part of 
the Carrizo-Wilcox Aquifer. 
 
HDR simulated two groundwater withdrawal scenarios: 55,000 ac-ft/yr and 75,000 ac-ft/yr4. 
This evaluation focused on the 55,000 ac-ft/yr scenario. 
 
The HDR model is a modification of a model produced by Dutton5. HDR describes the 
modifications as follows: “The major modifications included representing recharge in the 
outcrop area as leakage, improving calibration in the ALCOA6 and CPS well fields area, and 
changing the units from Metric to English.”7. However, the drawdown estimates produced by 
the HDR model are significantly less than those produced by the Dutton model8. A 
comparison of drawdowns predicted by the two models is presented in appendix A. 
 
 

                                            
1 See HDR, 1999 and HDR, 2000. All documents mentioned in this report are listed in the reference section. 
2 Mike Thuss of SAWS provided input and output files for the HDR model. Troy Dorman and Larry Land of HDR 
provided information concerning their simulations and modifications of the model. Independent runs performed 
by George Rice. 
3 McDonald and Harbaugh, 1988. 
4 HDR, 2000, page 2-10. 
5 Dutton, 1999. 
6 The HDR model does not simulate drawdown in the Alcoa well field area (Sandow Mine area) as well as the 
Dutton model does. See discussion of problem 2 below, and Appendix C. 
7 HDR, 2000, page 2-3. 
8 The Dutton model is discussed in this report only because HDR used it as a basis for their model, and claim to 
have improved upon it. This report is not meant to be a defense or a criticism of the Dutton model. 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

Problems with the HDR Model 
 
Four major problems were identified: 
 

1. Unrealistic recharge rates 
 

2. Underestimation of historic drawdowns 
 

3. Rising water levels in the Carrizo Aquifer 
 

4. Drawdowns intercept artificial boundaries 
 
Each of these problems is discussed below. 
 
1. Unrealistic recharge rates 
 

The HDR model uses constant head cells to apply recharge to the outcrop of each 
hydrogeologic unit below the “younger” strata. This causes recharge rates to increase as 
water levels in the outcrop areas decline. According to HDR, this increase in recharge 
rates is realistic because it represents the capture of water that is lost to springs, streams, 
and evapotranspiration when water levels are higher9. However, this method has resulted 
in unrealistic rates of recharge. The amount of recharge applied to some parts of the 
Simsboro Aquifer is more than 20 in/yr. This is more than half of the average annual 
rainfall of 36 in/yr10. In one case, the applied recharge is more than 200 in/yr. Previous 
investigators have estimated recharge to range from 1 in/yr to 4 in/yr11. Appendix B 
contains a table of recharge rates applied by HDR and sample recharge calculations.  

 
2. Underestimation of historic drawdowns 
 

The HDR model under-estimates drawdowns that have already occurred. In some cases 
the model under-estimates measured (historic) drawdowns by a factor of more than 
three12. The drawdown estimates are also significantly less than those produced by the 
Dutton model. The table below compares selected historic drawdowns to those estimated 
by the HDR and Dutton models. Figures in appendix C compare historic drawdowns in the 
Simsboro Aquifer to drawdowns estimated by the HDR model. 
 
 
 
 
 
 
 
 
 

                                            
9 Troy Dorman and Larry Land of HDR, personal communication, 12 July 2000. 
10 HDR, 2000, page 2-4. 
11 Dutton, 1999, page 8. 
12 Historic drawdowns taken from static water level data in Alcoa, 2000, Appendices A and B. 



 

 

 

Table 1 
Comparison of Historic and Modeled Drawdowns 

 

Well ID13 Measurement 
Period 

Historic 
Drawdown 
(static, ft) 

HDR 
Estimated 

Drawdown (ft) 

Dutton 
Estimated 

Drawdown (ft) 
59-25-4C5, 
David Cork 

4/88 – 12/99 156 50 71 

59-25-5A6, 
Emory Crump 

3/88 – 12/99 118 41 60 

SS-15 1/88 – 2/00 109 35 50 
 

The maximum drawdown predicted anywhere in the Simsboro Aquifer through 1999 by 
the HDR model is 60.6 ft. The maximum drawdown predicted by the Dutton model 
through 1999 is 95.0 ft. 

 
3. Rising water levels in the Carrizo Aquifer 
 

The HDR model predicts that water levels over most of the Carrizo Aquifer will rise 
between the years 2000 and 2040. This rise is predicted to occur even though pumpage 
increases from 3800 acre-feet/yr in 2000, to 5300 acre-feet/yr in 2040. Figures showing 
the increases in water levels and pumping rates are presented in appendix D. 

 
4. Drawdowns intercept artificial boundaries 
 

Artificial boundaries have been used along the northeast, southwest, and southeast sides 
of the model. The northeast and southwest sides are no-flow boundaries. The southeast 
side is a constant head (no drawdown) boundary. Artificial boundaries are appropriate if 
they are far enough away from the area of interest that they do not significantly affect the 
results of the simulations. However, the drawdowns predicted by the HDR model intercept 
the no-flow boundaries, and approach the constant head boundary (figure A-4). This 
distorts predicted drawdowns. In some areas of the model drawdowns are probably over 
estimated, while in other areas drawdowns are probably under estimated. 
 
This problem is different from those discussed above. It is a result of the design of the 
model itself, rather than a result of inappropriate input. The first three problems discussed 
above could be corrected by altering model input. To correct this boundary problem, the 
model itself may have to be redesigned. At a minimum, HDR should perform simulations 
to determine the sensitivity of the model to the artificial boundaries14. The accuracy and 

                                            
1359-25-4C5 and 59-25-5A6 are state well numbers. SS-15 is an Alcoa well identifier. All of these wells are near 
Alcoa’s Sandow mine. 
14 The following is from Mercer and Faust, 1986: “Note that where it is impractical to include one or more 
physical boundaries (e.g., an alluvial valley that may be extremely long), the grid can be expanded to an artificial 
boundary. The artificial boundary should be located far enough from the project area so that it will have negligible 
effect on the area of interest during the simulation period, but can be much closer than the physical boundary. In 
this case, the boundary condition is arbitrary (e.g., impermeable conditions), but the influence of the artificial 
boundary should be checked by comparing the results of two simulation runs using different artificial boundary 
conditions. “Emphasis added. 
 



 

 

 

usefulness of the model must be considered suspect until questions regarding the effects 
of the boundaries are resolved15. 

 
Conclusion 
 
Predictions of drawdown produced by the HDR model are unreliable. The model should not 
be used for any purpose until the problems discussed above are corrected. 
 
Review 
 
In June 2001 a draft of this evaluation was submitted to the following people and 
organizations for comment. 
 
Dr. Alan Dutton 
Research Scientist 
Bureau of Economic Geology, University of Texas 
 
Eugene Habiger 
President/CEO 
San Antonio Water System 
 
Robert Harden 
R W Harden & Associates, Inc. 
 
Ridge Kaiser 
R W Harden & Associates, Inc. 
 
Dr. Robert Kier 
RSK Consultants 
 
Larry Land 
HDR Engineers Inc. 
 
Only Mr. Habiger of SAWS provided formal written comments. These comments, as well as 
subsequent correspondence, are presented in Attachment 1. 
 
 
 
 
 
 
 
 
 
 
 
 
                                            
15 See discussion of model boundaries in Dutton, 1999, page 40. 
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Appendix A 
 

Comparison of Predicted Drawdowns 
Dutton Model and HDR Model 

 
Dutton and HDR did not model identical withdrawal scenarios. Dutton predicted drawdowns 
for five withdrawal scenarios. The pumping rates ranged from approximately 49,000 ac-ft/yr 
to 258,000 ac-ft/yr16. HDR predicted drawdowns for two withdrawal scenarios with pumping 
rates of 55,000 ac-ft/yr and 75,000 ac-ft/yr. In order to compare like scenarios, the pumpage 
scheme in Dutton’s model was replaced by HDR’s 55,000 ac-ft/year pumpage scheme. That 
is, the well locations, pumping rates, and pumping schedules in the Dutton model were 
removed and replaced with those from the HDR model. No other changes were made to the 
Dutton model input. 
 
Figures A-1 through A-3 illustrate drawdowns predicted for the year 2040 by the Dutton 
model with the HDR pumpage scheme. Figures A-4 through A-6 illustrate drawdowns 
predicted for the year 2040 by the HDR model. The HDR model predicts significantly lower 
drawdowns than the Dutton model. The maximum drawdown predicted by the HDR model for 
the year 2040 is 112 feet. The maximum drawdown predicted by the Dutton model for the 
year 2040 is 239 feet. 
 
In figures A-1 and A-4, the top and bottom of the drawdown plot correspond to the northwest 
and southeast boundaries of the study area, respectively (see figure 1). The left and right 
sides of the plots correspond to the southwest and northeast boundaries. The cross sections 
A-A’ and B-B’ pass through the area of greatest drawdown predicted by each model. The 
area of greatest drawdown predicted by the HDR model is approximately 12 miles southwest 
of the area of greatest drawdown predicted by the Dutton model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            
16 Dutton, 1999, page 1. 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

Appendix B 
 

Recharge Rates Used in HDR Model 
 
The HDR model is a modification of a model produced by Dutton (Dutton, 1999). The major 
modification introduced by HDR was the method of applying recharge. Dutton applied 
recharge at a constant rate of zero to four inches per year, depending on location. HDR 
applied recharge using constant head cells. This results in recharge varying in time as well as 
location. 
 
HDR did not report the amount of recharge applied in their model. When asked to provide 
this information, HDR refused17.  
 
For this evaluation, recharge rates for selected cells in the HDR model were calculated using 
the method described in the MODFLOW documentation18. As shown in table B1, recharge 
rates applied to some cells are unrealistic. In at least one case the recharge rate exceeds the 
average annual rainfall of 36 inches by a factor of more than eight. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                            
17 Personal communication with Larry Land, 12 July 2000. Mr. Land also refused to release model calibration 
data and refused to identify the well locations (i.e., the subset of Texas Water Development Board and Alcoa 
data) that HDR used to calibrate the model. 
18 McDonald and Harbaugh, 1988, pages 5-11 – 5-19. 



 

 

 

Table B1 
HDR Model Recharge Rates 

Calculated for Selected Cells in the Simsboro Aquifer 
55,000 ac-ft/yr scenario 

 
Model Cell 

(layer, row, column) 
Recharge Rate 

Applied by Model in 
Year 2040 

(in/yr) 

Remarks 

(4,6,18)   24.6 Constant head cell immediately above well in 
Simsboro Aquifer. Simulated pumpage from 
well = 32,979 ft3/day (276 ac-ft/yr). 

(4,6,21)   17.7 Constant head cell immediately above well in 
Simsboro Aquifer. Simulated pumpage from 
well = 142,881 ft3/day (1197 ac-ft/yr). 

(4,6,26)    2.0  
(4,7,28)    3.0  
(4,7,40)   29.6  
(4,8,40)  289.7 Constant head cell immediately above well in 

Simsboro Aquifer. Simulated pumpage from 
well = 61,660 ft3/yr (517 ac-ft/yr). 

(4,8,44)   22.7  
(4,8,47)   23.7 Constant head cell immediately above well in 

Simsboro Aquifer. Simulated pumpage from 
well = 583 ft3/yr (4.9 ac-ft/yr). 

(4,9,11) -109.4 Negative sign indicates water from Simsboro 
Aquifer recharging Calvert Bluff. 

 
 

Sample Calculation of Recharge Rate 
 
L = vertical leakance19 assigned to cell (3,8,44) = 2.25E-3/day 
 
h1 = constant head in cell (3,8,44) (Calvert Bluff) = 309.8 ft. 
 
h2 = head in cell (4,8,44) (Simsboro) at end of pumping period 12, time step 20 (year 2040) = 
307.5 ft. 
 
Recharge rate20 = L (h1 – h2) = 2.25E-3/day (309.8 ft - 307.5 ft) = 5.175E-3 ft/day = 22.7 in/yr. 
 
 
 

                                            
19 Vertical leakance is defined as the vertical hydraulic conductivity divided by the distance between layers 
(midpoints of layers). See McDonald and Harbaugh, 1988, pages 5-12 through 5-15. Vertical leakances assigned 
by HDR. 
20 See McDonald and Harbaugh, 1988, page 5-19. Note: vertical leakance is also defined as vertical conductance 
divided by cell area (McDonald and Harbaugh, 1988, pages 5-11 – 5-12). 



 

 

 

Appendix C 
 

Underestimation of historic drawdowns 
 
Figures C-1 through C-3 compare measured (historic) drawdowns in the Simsboro Aquifer to 
drawdowns estimated by the HDR model. The historic drawdowns represent changes in 
static water levels21. The numbers in parentheses represent cell locations (layer, row, 
column) in the HDR model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            
21 Alcoa, 2000, Appendices A and B. 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 



 

 

 

Appendix D 
 

Rising water levels in Carrizo Aquifer 
 

Figure D-1 shows the increases in Carrizo water levels predicted by the HDR model from 
2000 to 2040. Figure D-2 shows the predicted increase in pumpage from the Carrizo Aquifer 
during this period. The pumpage data was taken from an HDR model input file. 
 
In figure D-1 the X axis corresponds to the southeast boundary of the study area shown in 
figure 1. The Y axis corresponds to the southwest boundary of the study area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
 

 
 
 



 

 

 

 
 

 
 
 
 



 

 

 

Attachment 1 
SAWS’s comments and related correspondence 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









C:\Program Files\Adobe\Acrobat 4.0\Acrobat\plug_ins\OpenAll\Transform\temp\ThankSAWS.doc 

August 4, 2001 
 
Eugene Habiger 
President/CEO 
San Antonio Water System 
1001 E. Market Street 
P.O. Box 2449 
San Antonio, TX 78298-2449 
 
Dear Mr. Habiger, 
 
Thank you for your comments on my draft report: Evaluation of SAWS/HDR Modeling of the 
Carrizo-Wilcox Aquifer in Lee, Bastrop, and Milam Counties. In your letter you said you would 
like to meet with the group that commissioned it. No one commissioned the report. However, 
I work with several citizen’s groups that are interested in this issue. I’m sure they would be 
willing to meet with you. 
 
Bastrop County Environmental Network 
 P.O. Box 1069, Bastrop TX 78602 
 Ron Giles, (512) 360-4043, gilesron@aol.com 
 
Friends of the Lost Pines State Parks  
 P.O. Box 1714, Bastrop, TX 78602  
 Jon Pollard, (512) 321-3740 
 
Neighbors for Neighbors 
 P.O. Box 661, Elgin, TX 78621 
 President: Billie Woods, (512) 281-2983, kokopele@totalaccess.net 
 Water Issues: Michele Gangnes, (512) 281-5352, mggangnes@aol.com 
 
In addition, I would be happy to meet with you, your staff, and representatives of HDR to 
answer questions about the evaluation. Also, your first comment states “Changes were 
applied and the model was rerun.” May I have copies of the changed input and output files? 
 

 
Sincerely, 

 
 
 

George Rice 
414 East French Place 
San Antonio, TX 78212 
tel/fax: (210) 737-6180 

jorje44@yahoo.com 
 

mailto:kokopele@totalaccess.net
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