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1.0 Introduction

1.1 Background

The desired future conditions (DFCs) for the Edwards-Trinity (Plateau) and Pecos Valley aquifers
in GMA 3 adopted in 2021 were developed based on simulations using the Alternative GAM of
the Edward-Trinity (Plateau) and Pecos Valley aquifers. The Alternative GAM is documented in
Hutchison and others (2011). The development of the DFCs in 2021 is documented in Hutchison
(2021). Specifically, the DFCs were from Scenario 11 as documented in GMA 3 Technical
Memorandum 16-01. These DFCs were the same as the DFCs adopted in 2016. The DFCs used
2010 as the baseline year.

1.2 Reeves County Issues and GMA 3 Discussion

In an email dated April 7, 2025, James Beach (consultant to Reeves County GCD) acknowledged
that the TWDB update to the GAM was delayed, and that GMA 3 would have to rely on the
Alternative GAM for this round of joint planning. He noted that the alternative GAM does not
accurately simulate drawdown in Reeves County. Mr. Beach recommended that the pumping for
the upcoming simulation be increased to yield a higher drawdown (379,500 AF/yr instead of
189,744 AF/yr).

This issue was discussed further at the May 21, 2025 GMA 3 meeting. This included a brief review
of the development of the Alternative GAM in 2009 and 2010. At the time of the development of
the Alternative GAM, there were limited data from Reeves County and no GCD in Reeves County.
It was also noted that in 2010, some storativity values were modified in Crane, Ward, and Winkler
counties to address some issues after release of the Alternative GAM during the first round of joint
planning.

Historic pumping and the pumping used in the simulation that was the basis for the desired future
condition were reviewed and presented at the May 21, 2025 GMA 3 meeting. The comparison of
recent pumping suggested that modifying the simulated pumping may improve the drawdown
comparison, but the simulated pumping would likely be overestimated.

The discussion at the May 21, 2025 GMA 3 meeting then focused on a comparison of actual and
simulated drawdown and GAM parameters. Of note was the comparison of transmissivity
estimates in the Alternative GAM with estimated transmissivity from 30 specific capacity tests in
Reeves County that were available from the TWDB groundwater database. A comparison of the
estimates from the specific capacity tests yielded lower transmissivity estimates that those used in
the Alternative GAM.

As a result of the discussion at this GMA 3 meeting, work began to adjust Alternative GAM
parameters in Reeves County. This effort would evaluate the effect of the changes on both overall
model calibration and on effects to post-2010 drawdown comparisons. The work was delayed
until a similar analysis could be completed for the rest of GMA 3 and GMA 7 to evaluate the need
to expand the scope of the update to the Alternative GAM.



1.3 HB 2078 Analysis

In response to the new requirements of HB 2078, Hutchison (2025) completed a comparison of
actual drawdown and simulated drawdown using the simulation that formed the basis for the
desired future conditions in GMA 3. The comparison showed that the desired future condition is
being achieved in Crane, Loving, Ward, and Winkler counties. However, in the GMA 3 portion of
Pecos County and in Reeves County, the actual drawdown from 2011 to 2024 is greater than the
simulated drawdown.

Thus, the scope to the updated Alternative GAM was extended to the GMA 3 portion of Pecos
County in addition to Reeves County.

A similar comparative analysis of actual and simulated drawdown was also completed in GMA 7.
Three counties (Coke, Real, and Terrell) had actual drawdown greater than simulated drawdown.
However, the relatively simple approach used to address the identified problem in the GMA 3
portion of Pecos County and Reeves County were not effective in resolving the issues in GMA 7
(Hutchison, 2026).

1.4 Model Files

All files associated with this update can be accessed at:

https://drive.google.com/drive/folders/17VE2X 4SpAMoayIlyY2420ve-FVEKa7hc?usp=sharing

1.5 Conclusion and Recommendation

Based on the evaluation of the recent groundwater elevation data from 2011 to 2025 and comparing
the actual drawdown and the simulated drawdown from that period, the Alternative GAM does not
perform well in the GMA 3 portion of Pecos County and in Reeves County.

As developed in this report, a reduction in hydraulic conductivity (specifically 20 percent of the
values used in the Alternative GAM) is recommended to improve model performance. This change
does not negatively impact overall model calibration.

This recommended change results in a distribution in Reeves County transmissivity that is similar
to the distribution of transmissivity from 30 specific capacity tests in Reeves County. In addition,
a comparison of actual and simulated average drawdown values in Reeves County demonstrates
that the lower hydraulic values result in simulated drawdowns that track well with the actual
drawdowns.


https://drive.google.com/drive/folders/17VE2X_4SpAMoayIyY2420ve-FVFKa7hc?usp=sharing

2.0 Adjustments to Hydraulic Conductivity

Based on analysis presented at the May 21,2025 GMA 3 meeting, the update focused on modifying
hydraulic conductivity in the Alternative GAM. Pertinent to this discussion, the Alternative GAM
used MODFLOW-2000, which requires cell-by-cell specification of top elevation, bottom
elevation, hydraulic conductivity, specific storage, and initial head. Useful calculated parameters
used in this analysis include transmissivity and storativity.

2.1 Alternative GAM Transmissivity in Reeves County

As noted above, the initial parameter comparison presented at the May 21, 2025 GMA 3 meeting
focused on transmissivity and storativity.

Figure 1 presents the distribution of transmissivity in Reeves County from the Alternative GAM.
This calculated value used the cell top elevation and cell bottom elevation to calculate aquifer
thickness if the initial head was above the top of the cell. If the initial head was below the top of
the cell, the thickness was calculated as the initial head minus the cell bottom elevation. If the
initial head was below the bottom of the cell, cell thickness was specified as 10 feet.
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Figure 1. Transmissivity Distribution in Reeves County — Alternative GAM



Figure 2 presents the distribution of transmissivity estimates from 30 specific capacity tests in
Reeves County. The test results were downloaded from the TWDB groundwater database. For
purposes of this analysis, transmissivity was calculated as specific capacity times 2,000. This is
generally a first approximation calculation but is sufficient for purposes of comparison with the
estimates in the Alternative GAM.

Transmissivity Distribution (SC*2,000)
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Figure 2. Transmissivity Distribution in Reeves County — Specific Capacity Tests

Please note that the estimates from the specific capacity data are considerably lower than the
estimates used in the Alternative GAM.

2.2 Alternative Hydraulic Conductivity Values

The Fortran program AdjustKx.exe was developed to write 9 alternative hydraulic conductivity
files. The program:

e Reads the grid file for the Alternative GAM (to identify the county attribute of the cell)
e Reads the hydraulic conductivity file for the Alternative GAM (hcx.dat), which represents
the baseline scenario
e Fills the hydraulic conductivity array in the GMA 3 portion of Pecos County and Reeves
County for 9 alternatives
o Alternative 1 = 0.1*Baseline
o Alternative 2 = (0.2*Baseline
o Alternative 3 = 0.3*Baseline
o Alternative 4 = 0.4*Baseline
o Alternative 5 = 0.5*Baseline



Alternative 6 = 0.6*Baseline
Alternative 7 = 0.7*Baseline
Alternative 8 = 0.8*Baseline
o Alternative 9 = 0.9*Baseline
Writes the hydraulic conductivity files for the 9 alternatives (hcxn.dat, where n =
alternative number).
Writes comparison files cell-by-cell hydraulic conductivity values for each alternative (one
file for the GMA 3 portion of Pecos County and one file for Reeves County).

O O O



3.0 Calibration Simulations

The calibration simulations included the baseline (current Alternative GAM as Scenario 10) and
nine scenarios with alternative hydraulic conductivity values for the GMA 3 portion of Pecos
County and for Reeves County.

3.1 Simulation File Names

Table 1 presents the names of input files that were unchanged from the current Alternative GAM.

Table 1. Calibration Simulations - Unchanged Input Files

Package | Unit Number | File Name
BAS6 1 etppv4.bas
DIS 29 etppvd.dis
LPF 11 etppv4 lpf
WEL 12 etppvd.wel
DEN 13 etppvd drn
RIV 14 etppvd riv
GHB 17 etppv4.ghb
RCH 18 etppvd.rch
OC 22 etppv4.oc
GMG 19 etppv4.gmg
DATA 71 top.dat
DATA 72 bot.dat
DATA 60 ib.dat
DATA 62 anis.dat
DATA 63 hcz dat
DATA 64 ss.dat




Table 2 presents the names of scenario-specific input and output file names.

Table 2. Calibration Simulations - Scenario-Specific File Names

Input Files Oupnt Files
Scenario Scenario Hydraulic
Number Description NAM File Conductivity LST File HDS File
File
10 il?;njti( :?}KT;) etppv4.nam hex dat etppv4 Ist etppv4. hds
? Bcazféiiizf:;l; stppvdScendnam | hex9.dat etppv4Scend lst etppv4Scen9 hds
§ | ey | cwowiscntam | boSds | eppviSeentin | cppviScmthas
7 Bcazfﬁiszgl;c ctppvdSceninam | hex7.dat etppv4ScenT lst etppv4Scen hds
5 Bcazf;iiijfglgc etppv4Scen6nam | hex6.dat etppv4Scen6lst | etppv4Scen6 hds
3 Bcaifﬁii::rfglf stppvdSceninam | hex3.dat etppv4ScenSlst | etppv4ScenShds
4 Bcﬂzfiii‘;ir: ;1_1: etppv4Scend nam hex4 dat etppv4Scend Ist etppv4Scend hds
3 Bcazféiiizf:;l; stppvdSceninam | hex3.dat etppv4Scend lst etppv4Scen3 hds
2| ey | copiscendom | boddn | eppviSeandin | cppviScmdhas
! Bcazfﬁiszglic ctppvdScenlnam | hexl.dat etppv4Scenllst etppv4Scenl hds

3.2 Calibration Check Data

Data to evaluate changes to model calibration were downloaded from the TWDB Groundwater
Database and processed with the Fortran program named CalData.exe. In this program, the model
grid file and a list 09,028 wells are read. The actual data are then read and assigned a model row

and column.

The raw data from October to March are then processed to find a single end-of-year value using

the following preference:

O L

December (current year)
January (following year)
November (current year)
February (following year)
October (current year)
March (following year)




Data from April to September were not used in this effort.
Two output files are written:

e annualgwecal.dat are data from 1930 to 2005 (for assessment of historic calibration)
e annualgwepost.dat are data from 2006 to 2025 (for HB 2078 analysis)

3.3 Post-Processing

Results of the simulations were processed with the Fortran program named gethds.exe. This
program:

e Reads the hds file from each of the 10 scenarios

e Reads the actual heads (annualgwecal.dat described above)

e Writes a file for each simulation that includes actual head, simulated head and residual
(simulated head minus actual head)

e Writes a file with the final stress period heads for use as initial conditions for predictive
simulations. These files are named predshedN.dat, where N is the simulation number (1
to 9).

The files containing the comparison of actual head, simulated head and residual were imported
into the Excel spreadsheet named Calibration Summary.xlsx for further processing.

3.4 Calibration Statistics

Calibration statistics for the 10 scenarios (baseline plus 9 alternative hydraulic conductivity values
for the GMA 3 portion of Pecos County and for Reeves County) are summarized in Table 3.

Please note that the scaled calibration statistics (scaled residual standard deviation and scaled

absolute residual mean) are all less than 0.1, which suggests that any of these simulations would
be considered adequately calibrated.

10



Table 3. Calibration Simulations - Calibration Statistics

Scaled
. . Absolute | Residual | Sum of Root - . Number | Rangein Sc:lled Scaled Root Scaled
Scenario . . . | Residual . Mean | Minimum |Maximum Residual | Absolute .
N Scenario Description Residual | Standard | Squared . . of Data | Actual . Mean | Residual
Number Mean o . Square | Residual | Residual . Standard | Residual
Mean | Deviation | Residuals Points Heads . Square Mean
Error Deviation | Mean E
rror
Baszline (Current s = 113 S 133 10077 277 1 . 5 657 07 - .
10 Alternative GAM) 0.75 50.20 73.30 | LOSE+08 | 7330 49972 37231 12.572 2,657 0.0276 0.0189 0.0276 | -0.0003
Baseline Hydraulic - I - - . .
@ ST -1.12 4098 7265 | 1LOEHS| 7266 49072 | 373.04 19.572 2,657 0.0273 0.0188 0.0273 -0.0004
Conductivity™0.9
g | BusclneHydraulie |\ 60 | uoso | 7200 |10m+0s| 7210 | 0072 | 37381 | 19572 | 267 | oo | oo1s7 | 00271 | -nooos

Conductivity*(.8

4 Baseline Hydraulic

- - -2.48 4939 7169 | LOEHS| 7173 -499.72 | 374.65 19,372 2,657 0.0270 0.0186 0.0270 [ -0.0009
Conductivity*(.7

6 Bé;j;‘;:ﬁf;l;’ 362 | 4040 | 7163 |LOIE+08| 7172 | 49072 | 37538 | 10572 | 2637 | 00270 | 00186 | 00270 | -00014
5 Bg:ﬂl;‘m:f:i‘_;‘;l;" 554 | 4082 | 7227 |r0m+0s| 7248 | 40072 | 37661 | 19572 | 2657 | ooam | o017 | 00273 | 0002
1 Bé;j;‘;:ﬁﬁ;‘;ﬁ" 880 | 5125 | 7440 |11Ew0s| 749 | ase7m2 | 37709 | 19572 | 2657 | 00280 | 00193 | 00282 | -0.0033
3 Bé;:ﬁ:ﬁifﬂc 2081 | 6063 | 9234 |17@+08| 9487 | 51522 | 38120 | 19572 | 2657 | 00348 | 00228 | 00357 | 00079
s | B B | T T o [y | s | 514w | ew | wssm | 267 | 00 | oome | 0o | oo
- Conductivity®02 | 2932 23 3. 51483 2.83 572 | 2657 034 0024 0353 | -0003

| Baseline Hydravlic | 50 1 5559 | 1402 |32eE+0s| 12050 | 72002 | 41416 | 19572 | 267 | 00470 | 00283 | 00487 | 00128

Conductivity*(.1

11




4.0 Predictive Simulations

4.1 Simulation File Names

Table 4 presents the names of input files that were unchanged from the current Alternative GAM.

Table 4. Predictive Simulations - Unchanged Input Files

Package Unit Number | File Name
BAS6 1 predbas
DIS 29 pred.dis
LPF 11 etppvd 1pf
WEL 12 pred wel
DRN 13 etppvd .drn
RIV 14 etppvd riv
GHB 17 etppv4 ghb
RCH 18 pred.rch
oC 22 etppvd oc
GMG 19 etppvd gmg
DATA 71 top.dat
DATA 72 bot dat
DATA 60 ib dat
DATA 62 anis_dat
DATA 63 hez dat
DATA 64 ss.dat

The files that are read each stress period (WEL, DRN, RIV, GHB, RCH, and OC) were updated to
include 10 additional stress periods to extend the simulations to the year 2080. This was completed
for use in future predictive simulations.

Table 5 presents the names of scenario-specific input and output file names.

12



Table 5. Predictive Simulations - Scenario-Specific File Names

Input Files Ouput Files
S_cenario Scenario Description _ " Hydral{li.c . .
Number NAM File Initial Heads Conductivity LST File HDS File
File
10 Eﬁ:i;;ffsai;% etppvd nam predshed dat he dat predlst predhds
9 Bé:éi;ﬁ:::g gc etppv4Scen? nam predshed9_dat hcx9 dat preddlst pred? hds
8 Bé:éi;ﬁ:::g Iéc etppv4Scen8 nam predshed8 dat hcx 8 dat pred8 st pred8 hds
7 BS:;EZ]:;:.T 51 I_j,C etppv4ScenT nam predshed7 dat hex 7 dat pred7 lst pred7 hds
6 B&j&i;ﬁ?:ﬁ 51 Iéc etppv4Scenb.nam predshed6 dat hex6.dat predb lst predb hds
5 B&:&i;ﬁ;ggggc etppv4Scens . nam predshed5 dat hex 5 dat preds lst predS hds
4 Bgz:;i;ﬁ?f:g l:i1c etppv4Scend.nam predshed4. dat hexd.dat predd.lst predd hds
3 Bg:ﬁ;ﬁ::rfg Iéc etppv4Scen3 .nam predshed3 dat hex3 . dat pred3 Ist pred3 hds
2 Bg:éi;ﬁ::f 51 I?i.c etppv4Scen2 nam predshed2 dat hex2 dat pred2 1st pred2 hds
1 Bgz:g:;{_f?srf 51 Ilic etppv4Scen] nam predshed] dat hexl dat predl 1st predl hds

4.2 Post Processing

The Fortran program named gethds.exe was written to process the results of the simulations. The

program:

This file was then imported into an Excel spreadsheet PredResults10ScenariosGMA3Kx.xlsx. The
tab named GMA3Scen.dat contains the data from the post-processor. Additional columns were
added to process the groundwater elevation data to simulated drawdown. The tab named Avg
Results includes the county averages for GMA 3 (average simulated drawdown and average

year of measurement)

O O O O

Reads the hds files for each simulation
Reads the actual heads and drawdown used in Hutchison (2025)
Writes the file GMA3Scen.dat that includes:

o Attributes of each data point (well name, county name, model row, model column,

simulated drawdown calculations)
o The simulated groundwater elevation for each scenario for the specified year

13
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Groundwater elevation for the specified year

Measured (actual) drawdown
The simulated groundwater elevation for each scenario in 2010 (the baseline for




differences between simulated and actual drawdown). The information in this tab are summarized
in Table 6.

Table 6. Summary of Predictive Simulation Drawdown Comparison

_ Actual Average Simulated Drawdown (ft - 2010 Baseline)
Number of
County Readings Drawdown -
(ft) Scen 10 | Scen 9 | Scen 8 | Scen 7 | Scen 6 | Scen 5 | Scen 4 | Scen 3 | Scen 2 | Scen 1
Crane 24 -2.68 4.32 4.27 4.28 4.27 427 4.27 4.28 4.27 4.27 4.27
Loving 33 -3.78 1.01 1.00 1.01 1.01 1.01 1.01 1.01 1.02 1.02 1.03
Pecos 139 20.57 273 5.31 5.75 6.22 6.76 7.40 827 9.62 1242 2097
Reeves 310 1127 125 2.57 278 3.05 3.50 4.12 5.06 6.78 10.10 17.65
Ward 78 -3.25 9.64 9.94 994 9.94 995 9.96 9.98 10.00 10.03 10.06
Winkler 103 211 27.55 2768 2768 2768 2768 2768 27.68 27.68 27.68 27.68
Number of Actual Average Difference in Drawdown (ft - Simulated minus Actual)
County Readings Drawdown
(ft) Scen 10 | Scen 9 | Scen 8 | Scen 7 | Scen 6 | Scen 5 | Scen 4 | Scen 3 | Scen2 | Scen 1
Crane 24 -2.68 7.00 6.96 6.96 6.96 6.96 6.96 6.96 6.96 6.96 6.96
Loving 33 -3.78 4.79 478 4.78 4.78 478 4.79 4.79 4.79 4.80 481
Pecos 139 2057 -17.84 | -1526 | -1482 | -1435 | -13.81 | -13.17 | -1230 | -1095 -8.15 0.40
Reeves 310 1127 -10.02 -8.70 -8.48 -§.22 -7.76 -7.15 -6.20 -4.49 -1.17 638
Ward 78 -3.25 12.89 13.19 13.19 13.20 13.21 13.22 13.23 13.26 13.29 1331
Winkler 103 211 2543 2557 2556 2556 2556 2556 25.56 2557 25.56 2556

Please recall that hydraulic conductivity was adjusted only in the GMA 3 portion of Pecos County
and in Reeves County. No other parameters were adjusted and the results for Crane, Loving, Ward,
and Winkler counties demonstrate that the adjustments result in no significant changes to the
unadjusted counties.

In the GMA 3 portion of Pecos County and in Reeves County, it can be seen that as hydraulic
conductivity is reduced (from the current Alternative GAM in Scenario 10 to the lowest simulated
values in Scenario 1) the differences in simulated and actual drawdown decreases (yellow
highlighted cells).

14



5.0 Discussion of Results

Based on the results of the calibration simulations and the predictive simulations, lowering the
hydraulic conductivity in the GMA 3 portion of Pecos County and in Reeves County improves the
comparison of actual and simulated drawdown from 2011 to 2024 without compromising the
overall calibration of the model. As developed below, it is recommended that the parameters
associated with Scenario 2 (hydraulic conductivity is 20 percent of the Alternative GAM hydraulic
conductivity in the GMA 3 portion of Pecos County and in Reeves County) should be used in the
updated Alternative GAM.

5.1 Transmissivity Distribution in Reeves County

Please recall that the transmissivity distribution of 30 wells in Reeves County (based on specific
capacity tests) was presented. The distribution of transmissivity for the current Alternative GAM
was also presented. Figure 3 presents the transmissivity distribution in Reeves County under
Scenario 2 (hydraulic conductivity is 20 percent of the Alternative GAM hydraulic conductivity).

Transmissivity Distribution in Reeves County
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Figure 3. Transmissivity Distribution in Reeves County — Scenario 2

Please note that the distribution from Scenario 2 is similar to the distribution of the transmissivity
estimated from the specific capacity tests
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5.2 Average Drawdown in Reeves County

Figure 4 presents a hydrograph of average actual drawdown and average simulated drawdown for
Reeves County. Please note that the black line represents the average actual drawdown, the blue
line represents the average simulated drawdown from the current Alternative GAM, and the red
line represents the average simulated drawdown from Scenario 2. The black numbers above the
blue line are the number and annual readings that were averaged.

Reeves County

Actual and Simulated Drawdown
] 3 31 24 32 30

27 28 23 25
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Figure 4. Average Drawdown Comparison - Reeves County

Based on this evaluation, the simulated drawdown in Scenario 2 tracks the actual drawdown except
for a few years that may be related to drought conditions.

5.3 Storativity

When comparing drawdown estimates, the storativity that is specified is often an important

parameter. Figure 5 presents the distribution of storativity used in the current Alternative GAM in
Reeves County.

16



Storativity Distribution in Reeves County
Alternative GAM
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Figure 5. Storativity Distribution in Reeves County - Alternative GAM

Qualitatively, this distribution appears reasonable.  Unlike the available estimates for
transmissivity, there are no available data to base a modification, so it is recommended that these
values from the Alternative GAM remain unchanged.
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