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1.0 Introduction and Summary of Results

1.1 Introduction

On January 5, 2022, the groundwater management district in Groundwater Management Area 14
adopted desired future conditions as follows:

In each county in GMA 14, no less than 70 percent median available drawdown
remaining in 2080 or no more than an average of 1.0 additional foot of
subsidence between 2009 and 2080.

This desired future condition statement was adopted after reviewing the results of a multi-metric
simulation using the Houston Area Groundwater Model (HAGM) documented in Oliver (2021).
The HAGM was adopted as the Groundwater Availability Model for the area by the Texas Water
Development Board in 2013. The specific model run files were obtained from the folder named:

32 PEST ConsFac Basel6 30kLim_1.0-70 2080

The output from the specific simulation that was used in the development of the desired future
condition (DFC simulation) was used in this analysis. Specifically, the DFC simulation output
was processed to calculate drawdown from the end of 2009 on an annual basis for each model cell.
Thus, actual drawdown data from a monitoring well located in the model grid can be compared
with the simulated drawdown data. Monitoring well latitude and longitude coordinates and well
depth can be used to locate the well in the model grid system of layer, row, and column. In any
well, if data were collected during the base year (end of 2009), that groundwater elevation can be
used to calculate drawdowns in subsequent years in that same well for comparison with the
simulated data at that location.

The objective of this comparison is to assist the groundwater conservation districts in management
plans goal implementation related to desired future conditions, and to prepare for the next round
of joint planning. This comparison is an update to Hutchison (2022) that was completed based on
data through 2021. As developed below, this analysis updated the available data to include 2022.

All files referenced in this report and all Fortran programs used to process TWDB data and model
results are included in a Drop Box folder that is accessible at:

https://www.dropbox.com/scl/fo/skcih50fmkOtivSxqgbeqv/h? rlikey=3njf514uhuve3huadbxh65hhd &dl=0

1.2  Summary of Results

Overall, the comparison of actual drawdown data and simulated drawdown data from the HAGM
simulation used as part of the joint planning process shows that current actual drawdowns are
consistent with the 2021 desired future condition statement.


https://www.dropbox.com/scl/fo/skcih50fnk0tiy5xqbeqv/h?rlkey=3njf5l4uhuvg3huadbxh65hhd&dl=0

The analysis demonstrated limitations with the HAGM and with the specific simulation used in
the joint planning process. Specific limitations and the methods to account for them are discussed
in this report.

2.0 Measured Drawdowns
2.1 TWDB Groundwater Database

Data for this analysis were downloaded from the TWDB website on September 20, 2023 at:

http://www.twdb.texas.gov/eroundwater/data/awdbrpt.asp

Data were downloaded from the “Water Levels Advanced” option. Data from the Gulf Coast
Aquifer and GMA 14 were specified in the download. The downloaded file was saved as
WaterLevelsAdvanced.csv. After processing (i.e. deleting records with no data etc.), the file was
saved as TWDB WL GMA 14.xlsx and TWDBWLGMA14.csv.

GMA 14 counties are listed in Table 1.

Table 1. GMA 14 Counties

Austin Liberty
Brazoria Montgomery
Chambers Newton

Fort Bend Orange
Galveston Polk

Grimes San Jacinto
Hardin Tyler

Harris Waller
Jasper Waller
Jefferson Washington

2.2 Processing of Actual Groundwater Elevation Data
The downloaded data were processed with three Fortran programs:

o listwells.exe writes a list of all wells in the downloaded data (GMA 14welllist.dat).

o getrc.exe finds the row, column, and layer for each well and saves the results in
GMAI4welloc.dat. The layer was selected based on the well depth and the top and bottom
elevations of the cell. This program also writes a file that summarizes the county-layer
count of wells (GMA 14countylayercount.dat), and a file that lists the wells that are outside
the HAGM grid (GMA 14nolayers.dat).

o AnnGWE.exe reads the list of wells and the GMA 14 groundwater level data. The program
then selects the end-of-year data for use in comparison with the HAGM results. The end-
of-year groundwater level data is saved in agwe2009base.dat. The file CLDataCount.dat
represents a county-layer count for the end-of-year groundwater level data.
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End-of-year groundwater elevations were selected based on the following priority:

December of the current year
January of the following year
November of the current year
February of the following year
October of the current year
March of the following year

AN e

The count of wells from GMA 14countylayercount.dat is presented in Table 2, and the count of
end-of-year actual groundwater elevations is presented in Table 3.

Table 2. Summary of Well Count by County and Layer

County Laver 1 | Laver 2| Layer 3| Laver 4
Austin 2 10 1 0
Brazoria 52 16 0 0
Chambers 18 2 0 0
FortBend 54 &7 0 1
Galveston 25 21 0 0
Grimes 0 3 1 13
Hardin 5 15 0 0
Harris 125 355 9 12
Jasper 5 13 0 7
Jefferson 12 0 0 0
Liberty 5 28 3 2
Montgomery 30 79 23 112
Newton 3 4 0 3
Orange 23 1 0 0
Polk 0 2 4 18
SanJacinto 0 3 9 10
Tyler 1 5 1 7
Walker 0 0 0 7
Waller 0 19 1 1
Washingion 0 3 3 8




Table 3. Summary of End-of-Year Groundwater Elevation Count by County and Layer

County Laver 1| Laver 2 | Laver 3| Laver 4
Austin 13 28 13 0
Brazoria 202 36 0 0
Chambers 70 g 0 0
FortBend 206 430 0 0
Galveston 187 140 0 0
Grimes 0 26 0 a1
Hardin 27 23 0 0
Harris 695 2,186 42 93
Jasper 56 109 ] 80
Jefferson 69 0 0 0
Liberty 20 170 19 0
Montgomery 116 487 185 733
Newton 40 42 0 28
Orange 120 0 0 0
Polk 0 10 3 56
SanJacinto 0 7 40 40
Tyler 14 30 8 46
Wallker 0 0 0 47
Waller 0 131 6 10
Washington 0 14 0 27

3.0 Comparison of Actual and Simulated Groundwater Levels

The Fortran program named getdd.exe reads heads file from the 2021 DFC simulation (to obtain
the simulated groundwater elevations), calculates simulated cell-by-cell drawdown for the
simulation using 2009 as the base year, reads the actual drawdown file (agwe2009base.dat, as
described above), and writes actsim20102022.dat that lists the comparison of actual and simulated
drawdown.

The comparison file was imported into an Excel file named GMA14actsimdd20102022.xlsx. The
actual output from the Fortran program is in the tab named A//. The data in other tabs represent
subsets of these data used for analysis.

The number of comparisons total 6,467. The breakdown by year is as follows:

e 2010 to 2018: 773 comparisons in 2010 declining to 618 comparisons in 2018
e 2019: 95 comparisons
e 2020: 78 comparisons
e 2021: 83 comparisons
e 2022:75 comparisons

As reported in the comparison made in early 2022 (Hutchison, 2022), analyses of more recent
years are based on a smaller sample size than results from 2010 to 2018. For comparison, last
years report to compare DFCs and actual data showed the following:
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e 2019: one additional data point
e 2020: three additional data points
e 2021: 59 additional data points

The 2022 comparison was completed in February, apparently before all the end-of-year 2022 data
had been entered into the database. However, there was not much increase in 2019 and 2020 data.
This suggests that this annual comparison should be completed in the fall to capture as many of
the end-of-year groundwater elevations as possible. This analysis also suggests that collecting
groundwater elevations (by TWDB and other entities) has decreased significantly since 2018.

4.0 Results

The purpose of this analysis was to provide a high-level evaluation of the comparison of actual
drawdown data and the simulated drawdown data from the HAGM simulation that was used to
develop the 2021 DFCs. As an overview of the comparison, Figure 1 presents a cross-plot of
actual drawdown (from TWDB data) and simulated drawdown from the DFC simulation of the
HAGM. For purposes of this analysis, data points in Layer 3 (Burkeville Formation) were
excluded and data points from Fort Bend, Galveston, and Harris counties (counties with subsidence
districts) were excluded. A one-to-one line is also shown for reference. Points that lie to the right
or below the red line have measured drawdown less than simulated drawdown. Points that lie to
the left or above the red line have measured drawdown greater than the simulated drawdown.

Measured Drawdown vs. Actual Drawdown in GMA 14 (2010 to 2022)
Excluded Layer 3 and Excluded Subsidence District Wells
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Figure 1. Actual Drawdown vs. Simulated Drawdown
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Because most of the points lie below and to the right of the one-to-one line, actual groundwater
level conditions are consistent with the DFC. If most of the points were above or to the left of the

one-to-one line, that would suggest that actual groundwater level conditions are not consistent with
the DFC.

4.1 Results by Year

Figure 2 presents a hydrograph of average actual drawdown for all of GMA 14 and average
simulated drawdown for all of GMA 14.

GMA 14 Average Drawdown (2010 to 2022)
Averages Exclude Counties with Subsidence Districts
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Figure 2. GMA 14 Average Drawdown by Year (Actual and Simulated)

Please note that simulated drawdown dropped from 2010 to 2015, then decreased from 2015 to
about 2019. Since 2019, the average simulated drawdown remained constant at about 14 feet.
This is consistent with the specified pumping of the simulation (i.e. the pumping is not constant
from 2010 to 2080). One of the counties with varying pumping that explains the variation in
simulated drawdown is Montgomery County (Figure 2), which is discussed in more detail below.



1989 to 2025 Pumping (HAGM Estimates)
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Figure 3. Simulated Montgomery County Pumping (1989 to 2025)
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4.2  Results by County

Summaries of average drawdown by county (actual and simulated) are presented in Table 4. The
difference between simulated and actual drawdown are also shown in Table 4.

Table 4. Drawdown Summary for 2010 to 2022 by County

2010 to 2022
Average Average S?u‘.;iti:tg:d
County Actual Simulated .
Drawdown | Drawdown mmus
() () Actual
Drawdown
Austin 1.98 26.50 24.52
Brazoria -0.70 9.59 10.29
Chambers -0.26 21.05 21.32
FortBend -5.28 12.44 17.73
Galveston 0.01 12.12 12.11
Grimes 6.56 19.08 12.52
Hardin -3.76 15.10 18.85
Harris 4.88 28.79 33.67
Jasper 0.95 -9.17 -10.12
Jefferson -1.69 17.82 19.51
Liberty -1.90 15.36 17.26
Montgomery 12 68 52412 3974
MNewton 122 9.94 8.72
Orange -1.96 12.19 14.15
Polk 147 21.73 20.26
SanJacinto 43.05 85.11 42.06
Tyler -0.13 13.30 13.42
Walker 10.27 89.57 79.30
Waller 836 41.44 33.08
Washington 5.05 19.39 14.34




The results in Table 4 can be used by the groundwater conservation districts in GMA 14 to
quantitatively assess how the actual drawdown data compare to the DFC.

Figure 4 graphically presents the difference between actual and simulated drawdowns for each
county. Note that all counties have a positive difference (actual drawdown is less than simulated),
except Jasper County.

Average Drawdown Differences by County (Simulated - Actual)
No Layer 3, All GMA 14 Counties, 2009 Base Year

80
70 4

Average Drawdown Difference (Sim - Act) (ft)

-20

Austin
Brazoria -
Chambers -
FortBend -
Galveston
Grimes
Hardin
Harris 5
Jasper -
Jefferson -
Liberty -
Montgomery
Newton -
Orange
Polk
Sanlacinto
Tyler
Walker
Waller 5
Washington -

County

Figure 4. Average Drawdown Difference by County (All Data Except Layer 3)

The negative difference in Jasper County (actual drawdown greater than simulated drawdown) is
due to two anomalous cells that is the direct result of specifications in simulated pumping during
the predictive run (after 2010). This was discussed in detail in Hutchison (2022).

In evaluating the drawdown data, large groundwater level recoveries (over 100 ft) were simulated
in the DFC simulation in two cells in the Evangeline Aquifer (row 85, column 188 and row 88,
column 186). These appear to be due to the turning pumping off that had been in the calibrated
model (before 2010). The actual drawdown in these cells is relatively small. With these outliers
removed from the analysis, the average drawdown difference in all counties in GMA 14 is positive
(actual drawdown is less than simulated drawdown) as presented in Figure 5.
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Average Drawdown Differences by County (Simulated - Actual)
No Layer 3, All GMA 14 Counties (Jasper Outliers Removed), 2009 Base Year
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Figure 5. Average Drawdown Difference by County (Jasper Outliers Removed)

4.3 Hydrographs of Selected Counties

As a follow-up to Hutchison (2022), hydrographs of average drawdown for Jasper and
Montgomery counties are presented in Figures 6 and 7, respectively.

Jasper County Average Drawdown (2010 to 2022)
Based on TWDB Groundwater Database Groundwater Elevations
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Figure 6. Average Drawdown - Jasper County (2010 to 2022)
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Montgomery County Average Drawdown (2010 to 2022)
Based on TWDB Groundwater Database Groundwater Elevations
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Figure 7. Average Drawdown - Montgomery County (2010 to 2022)

The hydrograph for Jasper County presented in Figure 6 is constructed without the Jasper County
outliers discussed above. Actual drawdown increased initially during the drought of 2011,
recovered after 2012, and has been relatively constant since recovery from the drought. Simulated
drawdown shows a steady increase due to the simulated pumping increases as discussed in
Hutchison (2022) and presented below in Figure 8.

1989 to 2025 Pumping (HAGM Estimates)
Jasper County
80,000

Aquifer
ww Chicot

70,000 - == Evangeline
Burkeville
T - Jasper
60,000 -
1 [ |
|
250,000 By ||.|lll ANEREENR

Groundwater Pumping (AF/yr)
8
o
IS]
S
1

20,000

1988 1992 1996 2000 2004 2008 2012 2016 2020 2024
Year

Figure 8. Simulated Jasper County Pumping (1989 to 2025)
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The Montgomery County average drawdown hydrograph (Figure 7) benefitted from the additional
data in 2021 that were not available in Hutchison (2022). Please note that the increase in simulated
drawdown from 2010 to 2015 is due to the increase in simulated pumping in Montgomery County
previously shown in Figure 3. Similarly, the decrease in simulated drawdown from 2016 to present
is due to a decrease in simulated pumping previously shown in Figure 3. However, it appears that
the “recovery effect” of the simulated pumping reduction in 2016 is no longer seen after 2020
because the average simulated drawdown is increasing after 2020. This conclusion should be
considered tentative because a detailed evaluation was not completed to understand the effect of
the reduced number of wells and data points evaluated in recent years relative to earlier years in
the analysis (see discussion above related to the number of data points by year). The large drop in
available data points to the need for an increase in groundwater monitoring, at least to the levels
observed prior to 2019.

Average actual drawdown shows an increase from 2010 to 2013, due to drought conditions (similar
to Jasper County) and shows a decrease and recovery from about 2013 to 2019. Average
drawdown increases again after 2019. Because average actual drawdown is less than average
simulated drawdown, it can be concluded that the data demonstrate general consistency with the
DFC.
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