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Technical Memorandum

To: Ms. Whitney Ingram, General Manager —

Clearwater Underground Water Conservation District /¥
From: Michael R. Keester, P.G.

Micaela Pedrazas, P.G., E.LT. % N
Date: January 7, 2026
Subject: Supplemental review of the updated groundwater availability

model for the northern segment of the Edwards (Balcones Fault
Zone) Aquifer

This technical memorandum supplements our technical memorandum documenting
our review of version 2.01 of the groundwater availability model for the northern
segment of the Edwards (Balcones Fault Zone) Aquifer (‘GAM”) dated September
30, 2024. In August 2025, the Texas Water Development Board provided a draft
update to version 2.01 of the GAM identified as version 2.1. The draft version 2.1
update was developed to address comments provided to the TWDB related to
version 2.01’s ability to match low flows for Salado Creek and the model’s ability to
be used for joint planning.

While version 2.1 of the GAM does do a better job of matching median Salado
Creek/Spring flows than version 2.01, the model does not reasonably reflect low
flows. As the District’s adopted Desired Future Condition for the Edwards (Balcones
Fault Zone) Aquifer is based on low flows (specifically, no less than 100 acre-feet per
month), it is imperative that the model reasonably reflect low flow conditions. The
evaluations, conclusions, and recommendations related to version 2.01 of the GAM
as documented in our September 30, 2024 Technical Memorandum remain
applicable.
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To reiterate a conclusion from the September 30, 2024 Technical Memorandum, for
the 2026 joint planning cycle, we recommend CUWCD and GMA 8 request TWDB
continue the results from GAM Run 08-010 MAG (Anaya, 2008).

For reference, we have attached:

e A copy of our September 30, 2024 Technical Memorandum

e A copy of our October 9, 2024 presentation of our review of version 2.01 of the
GAM to the CUWCD Board

e A copy of our January 13, 2026 presentation of our review of version 2.1 of
the GAM to the CUWCD Board

Thank you and please let us know if you have any questions.

KT GROUNDlYVATER
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Technical Memorandum

To: Mr. Dirk Aaron, General Manager —

Clearwater Underground Water Conservation District
From: Michael R. Keester, P.G.
Cec: Whitney Ingram, Asst. General Manager —

Clearwater Underground Water Conservation District %

0

Date: September 30, 2024
Subject: Review of the updated groundwater availability model for the northern segment

of the Edwards (Balcones Fault Zone) Aquifer

The Texas Water Development Board (“TWDB”) released an update of the Northern Segment of
the Edwards (Balcones Fault Zone [“BFZ”]) Aquifer Groundwater Availability Model (“GAM”)
in October 2023 (Jones, 2023b). Significant updates to the model included:

e Increasing vertical discretization to account for cross formational flow between the
underlying Trinity Aquifer and overlying younger units;

o Extending the calibration period through 2015; and,

e Incorporating hydrogeologic data and studies from the period following the development
of the first model which occurred in 2003 (Jones, 2003).

As a part of the 2026 joint planning efforts by Groundwater Management Area (“GMA”) 8§,
Clearwater Underground Water Conservation District (“CUWCD”) will once again adopt desired
future conditions (“DFCs”) for the Northern Edwards (BFZ) Aquifer. Unless there is reason not
to do so, the TWDB will evaluate the adopted DFCs using the updated model to derive annual
modeled available groundwater (“MAG”) volumes for the aquifer in Bell, Williamson, and
Travis counties. With the implications the GAM update could have on the MAG in these
counties, it is important to understand if or how the update to the model affects the simulation of
groundwater conditions.

As in previous cycles, during the 2021 joint planning cycle, GMA 8 adopted DFCs for the
Northern Edwards (BFZ) Aquifer in Bell, Travis, and Williamson counties. The adopted DFCs
are to maintain minimum streamflow and spring flow under a repeat of the drought of record in
these counties from January 1, 2010, to December 31, 2080 (Shi and Harding, 2022). Table 1
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provides the DFCs adopted by GMA 8 during the 2021 joint planning cycle for the northern
segment of the Edwards (BFZ) Aquifer.

Table 1. Adopted desired future conditions for the northern segment of the Edwards (BFZ)
Aquifer in Groundwater Management Area 8 (Shi and Harding, 2022).

County Adopted DFC

Maintain at least 100 acre-feet per month of stream/spring flow in Salado Creek

Bell during a repeat of the drought of record

Maintain at least 42 acre-feet per month of aggregated stream/spring flow

grav during a repeat of the drought of record

Maintain at least 60 acre-feet per month of aggregated stream/spring flow

AIEREe during a repeat of the drought of record

GMA 8 submitted the adopted DFCs to the TWDB for determination of the MAG from the
aquifer. Shi and Harding (2022) describe that GMA 8 requested the results from GAM Run 08-
010 MAG (Anaya, 2008), using version 1.01 of the model (Jones, 2003), be used for the 2021
joint planning cycle. For the GAM Run 08-010 MAG simulation, Anaya (2008) extracted
projected discharge for drain cells representing Salado Creek in Bell County and drain cells
representing aggregated springs and streams in Williamson and Travis counties for the simulated
drought of record period.

The results from GAM Run 08-010 MAG form the basis for comparison of the updated model. If
the simulation results are similar and are representative of observed conditions, then the updated
model warrants further consideration to evaluate additional items such as:

e Changes in conceptualization for previous version(s);
e Application of boundary conditions;

e Sensitivity to input parameters;

e Representation of measured hydraulic properties; and,
e Predictive uncertainty.

Following is a discussion of our review the updated model. We begin with a comparison of the
results from version 1.01 of the model (Jones, 2003) and version 2.01 of the model (Jones,
2023b). We will then discuss changes between the two versions of the model. We will then
provide our conclusions and recommendations regarding version 2.01 of the model including its
use as part of the 2026 joint planning cycle.
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Model Version Comparison

Prior to conducting predictive simulation with version 2.01 of the GAM, we conducted a
comparison of the models. We began by comparing the approach to simulating the aquifer
system in version 2.01 versus the approach for version 1.01. We then compared the results from
version 2.01 to those from version 1.01 within Bell County and how the results may affect joint
planning, DFC adoption, and MAG determination for the northern segment of the Edwards
(BFZ) Aquifer.

Approach Comparison

One major difference between version 1.01 and version 2.01 of the GAM is that in addition to
the Edwards (model layer 1) the updated model includes the Walnut Formation (model layer 2)
and Trinity Group (model layer 3) below the Edwards. GAM version 1.01 is a single layer model
of the northern segment of the Edwards (BFZ) Aquifer. While two layers were added to the
model, Jones (2023b) notes that the layers only serve to facilitate inflow and outflow for layer 1
and that the model is not intended for evaluation of hydrologic processes in either unit.

Another important difference between the models is how they simulate stream/spring flow in
Salado Creek. GAM version 1.01 uses drain cells to simulate flow in the perennial streams and
springs (such as Salado Creek and Springs). However, version 2.01 of the GAM no longer uses
the drain cells to simulate the stream/spring flow in Salado Creek. Rather, the updated GAM
uses river cells to simulate the flow.

Within a MODFLOW model, modelers use drain cells to simulate the effects of features which
remove water from the aquifer proportional to the difference between a fixed elevation (that is,
the drain elevation) and the water level elevation. The purpose of a river cell is to simulate
effects of flow between surface water features and the aquifer. With a drain cell, if the simulated
aquifer water level elevation falls below the drain elevation, then the drain has no effect on the
aquifer. However, with a river cell the model always assumes water in the surface water feature
and even if the simulated aquifer water level elevation falls below the river bottom the river cell
will contribute flow to the aquifer.

In the conceptual model report, Jones (2023a) notes that “Salado Creek, which is dominated by
discharge from numerous springs, notably from Salado Springs, is an example of [a baseflow
dominated] stream.” As a baseflow dominated stream, flow is primarily from aquifer discharge
along the stream course through springs and seeps. That is, streamflow is not expected to
typically contribute water to the aquifer. As discussed below, rather than continuing to use drain
cells, the use of river cells in version 2.01 of the model appears to have affected the ability of the
model to reasonably reflect the conceptual model.
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Results Comparison

To compare the model results, we used the model input files associated with GAM Run 08-010
MAG to conduct a simulation. In GAM Run 08-010 MAG, the model simulates 141 years by
“starting with a 100-year initial stress period (pre-1980) followed by 21 years of historical
monthly stress periods (1980 to 2000), then 10 years of predictive annual stress periods (2001 to
2010), and ending with 10 years of predictive monthly stress periods (2011 to 2020) to represent
a simulated repeat of the 1950s’ drought of record” (Anaya, 2008). For our simulation we
extended the model to 2030 by extending the annual stress periods from 2010 through 2020. For
the extended annual stress periods, we maintained the drought of record recharge input values by
converting the annual sum to an average daily recharge. For the 10-years of monthly stress
periods from 2021 through 2030, we maintained the drought of record recharge values for 2011
through 2020 from GAM Run 08-010 MAG. We also maintained pumping rates and other input
values to remain consistent with GAM Run 08-010 MAG but moved the drought of record
period to 2021 through 2030.

To extract the simulated stream/spring flow in Salado Creek as simulated by the model, we used
the MODFLOW utility Zone Budget. The process of evaluating the stream/spring flow using the
Zone Budget utility is the same between the two versions of the GAM. In both cases, we verified
the location of the drain and/or river cells and extracted the flow from the model results.

Results from the simulation using version 1.01 were consistent with those described by Anaya
(2008) and we moved forward with a simulation using version 2.01 of the GAM. We anticipated
the results from the 21-year historical period covered by both models to be similar. While
differences between the two GAM versions are expected since the newer model likely
incorporates additional data and is recalibrated to more recent conditions, there should remain
some similarity if the older model reasonably reflected observed conditions.

One similarity between the model versions should be the fluctuations in stream/spring flow
corresponding to climatic conditions. However, while version 1.01 does simulate fluctuations in
the simulated stream/spring flow in Salado Creek in Bell County (which form the basis for the
adopted DFC), we found these simulated flows are less than zero for 249 out of 251 months in
the overlapping calibration period from 1980 through 2000. That is, version 2.01 of the GAM
simulated no flow from the Edwards (BFZ) Aquifer to Salado Creek or Salado Springs under the
climatic conditions during the period. Figure 1 illustrates the simulated stream/spring flow in
Salado Creek in Bell County from both versions of the model along with the corresponding
measured flow as reported by the U.S. Geological Survey (“USGS”).

8
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Figure 1. Hydrograph of simulated and measured stream/spring flow in Salado Creek in Bell
County.

As shown in Figure 1, the measured flow of Salado Creek is variable ranging from a minimum of
about 200 acre-feet in September 2023 to a maximum of about 8,000 acre-feet in May 2019
during period of measurements. During the measurement period from April 2013 through August
2024 about 47 percent of the measured Salado Creek flows are less than 1,000 acre-feet per
month (an average of about 16 cubic feet per second). Figure 2 is a histogram illustrating how
common a range in measured flows occurs within Salado Creek over the past decade.
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Figure 2. Histogram of USGS measured Salado Creek flows from April 2013 through August
2024.

As Figure 1 and Figure 2 illustrate, version 2.01 of the GAM does not reasonably reflect Salado
Creek flow conditions. For version 1.01 of the GAM, several cells represent the creek and
springs in Bell County. The outflows from these cells are combined to quantify the simulated
flow from the aquifer to stream/spring flow. To verify that one or a few cells are not skewing
results for version 2.01 of the GAM, we evaluated the flows for each cell representing the
stream/spring flow of Salado Creek in Bell County.

In version 2.01 of the GAM, there are 61 river cells representing Salado Creek. During the
calibration period of the model from 1980 through 2015, all of the cells are adding flow to the
aquifer more than 95 percent of the months with 55 of the cells adding flow more than 98 percent
of the months. That is, version 2.01 is simulating Salado Creek as losing flow to the aquifer
rather than the Edwards (BFZ) Aquifer contributing flow to the creek and springs.

The evaluation of GAM version 2.01 results for the stream/spring flow of Salado Creek in Bell
County shows that the model output is contrary to the conceptual model and observed
conditions. With version 2.01 of the GAM unable to reasonably represent stream/spring flows in
Salado Creek and with the calibration results being contrary to observed conditions, there is good

0
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reason for CUWCD and GMA 8 to not use the model for DFC evaluations nor should the TWDB
use the model to derive MAG volumes from the adopted DFCs.

Predictive Simulations

Prior to our comparison of the models, our intent with GAM version 2.01 was to create a
predictive model from the published model. We would use the predictive model to calculate the
DFC using the pumping amounts in GAM Run 08-010 MAG (Anaya, 2008) for comparison to
the current DFC. We would then use the model to calculate how pumping amounts may change
in the new model to match the currently adopted DFCs in Bell, Travis, and Williamson counties.
However, after discussion with the CUWCD General Manager, we did not move forward with
the predictive scenarios because our review and comparison of the models were sufficient to
indicate that GAM version 2.01 was not suitable for use in evaluating potential DFCs or for
calculating MAG values from adopted DFCs.

Conclusions and Recommendations

The TWDB released version 2.01 of the model for the northern segment of the Edwards (BFZ)
Aquifer in November 2023. As the new GAM for the aquifer, the TWDB intends for it to be used
for calculation of MAG values based on adopted DFCs submitted by GMA 8. However, the
TWDB will consider other options or models if presented with evidence that they should not use
the current GAM. Based on our review of version 2.01 of the GAM, the model does not
sufficiently represent the conceptual model of groundwater flow in the northern segment of the
Edwards (BFZ) Aquifer. The following summarizes our conclusions regarding the updated
GAM.

e The approach to development of the updated model introduced unnecessary
complexity to the numerical model.

o Adding the Walnut Formation and the Trinity Group to the model added model
cells and calculations that were not necessary for simulating the Edwards (BFZ)
Aquifer. The model author noted that the model should not be used to simulate
hydrologic processes of the additional layers which further supports the
conclusion that the layers were not necessary.

o The use of river cells for baseflow dominated streams allowed water to enter the
aquifer where observations indicate it would not occur. Use of these cells when
unwarranted can increase the difficulty of model calibration as there is a relatively
constant source of water to the aquifer.
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e The calibration results for the updated model are insufficient for the model’s
purpose as a tool for joint planning.

o During three rounds of joint planning, the adopted desired future conditions for
the northern segment of the Edwards (BFZ) Aquifer are stated in terms of
stream/spring flow for Bell, Travis, and Williamson counties. Of these counties,
only within Bell is CUWCD responsible for managing the groundwater resources
and achieving the adopted DFCs.

o Version 1.01 of the model reasonably reflects the observed fluctuations in
stream/spring flow based on changes in climatic conditions. These fluctuations
allow for an evaluation of the potential flow during assumed drought of record
conditions.

o Version 2.01 of the model shows no stream/spring flow in Salado Creek during
most climatic conditions. The calibration simulation of version 2.01 illustrates
that the model is not sufficient for use in joint planning.

Our conclusions are based on our review and comparison of the two versions of the GAM. We
did not conduct a full review of all parts of the conceptual model and our focus was on the
results for Bell County and CUWCD. As our work quickly revealed insurmountable problems
with the model for application to joint planning, we did not fully evaluate all parts of the model.

For the 2026 joint planning cycle, we recommend CUWCD and GMA 8 request TWDB continue
the results from GAM Run 08-010 MAG (Anaya, 2008). It is our opinion this model simulation
continues to be appropriate for adopted DFCs of the aquifer. To use an updated model during the
next joint planning cycle, we recommend CUWCD work with the TWDB leadership to address
issues identified in version 2.01 of the GAM.

For a future update, we recommend returning to the single layer model of the Edwards (BFZ)
Aquifer unless there are observed hydrogeologic conditions which warrant greater complexity.
As version 1.01 of the GAM appears to reasonably simulate the observed aquifer conditions, an
updated version could begin with version 1.01 as the base formulation of the numerical model.
The model could then be brought into the input structure of the current version of MODFLOW
and recalibrated with a focus on predictive uncertainty. The updated model could then be applied
within the 2031 joint planning cycle.

We understand the importance of the GAMs in joint planning and how important it is that the
models reflect aquifer conditions. Since the results of joint planning and these models are used
by CUWCD for resource management and by the TWDB for defining available groundwater in
regional planning, it is extremely important that the tools are as accurate as possible. We thank
you for the opportunity to provide our evaluation and look forward to discussing the results.

0
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