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Equ
Excel

2016

Created a
dashboard using
R

2014

ations in
workbook
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2017-2021

Added
functionality to
R dashboard
(water level
maps, water
quality analyses,
bug fixes)

2022-2024

Maintained
tool; no major
updates

2025

Update tool
programming,
appearance, and
accessibility
using Python




Aquifer Data
Analysis Tool -
Overview

DFC

Analysis

e Desired future conditions (DFC) by
aquifer

e Aquifer trends

e Current DFC status

* Wells by aquifer

WE“ e Well diagram

e Water level

Ana IyS|S measurements

e Water level trends

» Water level contours (elevation,
Spatlal depth to water)
e Hydrographs (at well locations)

Ana IyS|S e Water level measurements

e \Water level trends

e Water quality
parameters

e Stiff diagram




D FC e Desired future conditions (DFC) by
aquifer

A na Iys | S e Aquifer trends

e Current DFC status

Aquifer Data
Analysis Tool -
Overview

e Wells by aquifer

Weu e Well diagram

e Water level

Ana IyS|S measurements

e Water level trends

e Water level contours (elevation,

Spat|a| depth to water)

e Hydrographs (at well locations)

Ana IyS|S e Water level measurements

¢ \Water level trends

|

¢ Water quality
parameters

e Stiff diagram
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Edwards (BFZ) DFC Upper Trinity DFC Middle Trinity DFC

DFC Summary for Slope Analysis
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Edwu rds Wells Selection for DFC Slope Analysis

Aquifer Adopted DFC (ft of Avg. Drawdown) Annual DFC (ft/yr of Avg. Drawdown) Average Current Trend (ft/yr) Median Current Trend (ft/yr)
Edwards (BFZ) -@.13 -0.89
4 >

Well Data & Slope Trends

- Well Name - Number of Water Level Measurements +~ Slope (ft/year) ~ Management Zone
- Ewm e - - 271 -3.47 Eaztern
- e - e 244 -8.89 Eastern
- AR s e - 243 8.06 Eastern
- - ., e oA W 243 -@.13 Stillhouse Hollow
- e W - 248 -8.91 Stillhouse Hollow
R s - 244 1.34 Eastern
- W s - 233 @.13 Stillhouse Hollow
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Aquifer

Eduards (BFZ)

/4 /4 e /
VY /s SN =

Edwards Wells Selection for DFC Slope Analysis

Adopted DFC (ft of Avg. Drawdown) Annual DFC (ft/yr of Avg. Drawdown) Average Current Trend (ft/yr) Median Current Trend (ft/yr)

Well Data & Slope Trends

="

N N =
W\/\ Can sort table by well name,

%\\\ number of measurements, slope,

Total number of water or management zone

ey =€) —

made at the well
~ Slope (ft/year) =

B

N

|

[// 1 — N\

XN

Management Zone

Water level -@.47 Eastern

decreasing

-@.89 Eastern

B8.86 Eastern

-@.13 Stillhouse Hollow

-a.81 Stillhouse Hollow

Water level 1.34 Eastern

increasing

8.13 Stillhouse Hollow



Aquifer Data
Analysis Tool -
Overview

|

D FC * Desired future conditions (DFC) by
aquifer

e Aquifer trends
¢ Current DFC status

Analysis

e Wells by aquifer

We” e Well diagram
. e Water level
Analysis

measurements
e Water level trends

e Water level contours (elevation,

Spat|a| depth to water)

e Hydrographs (at well locations)

Ana IyS|S e Water level measurements

¢ \Water level trends

¢ \Water quality
parameters

e Stiff diagram

”(g || KT GROUNDWATER

16



Lowest Water Level (Feet Below Ground Lewvel}

laz.19

Historic Largest Change (feet)

Largest water level
change recorded

Most Recent Water Level Change (feet) M

a

Slope (feet/year) | NTWGAM Initial Head (ft bgl)

-a.12

2N\ [~

| Water level
trend

Edwards Well Upper Trinity Well Middle Trinity Well Lower Trinity Well
Analysis Analysis Analysis Analysis
Well Selection & Filters
| - - T | Start Date — End Date

State Well Number: MN/A

Well Details

Primary Water Use: Public Supply

Latitude:

Longitude: -

Aquifer: Edwards (BFZ)

Well ID:

Total Records: 222

| ®Period of Record”1 Year'DFC Period Choose time period
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Well Diagram

Well Diagram: CUWCD Well Number N2-02-010G / State Well Number 5804512

Well column Edwards (Balcones Fault Zone) Aquifer

Geologic
Well screen : formations
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Aquifer Data
Analysis Tool -
Overview

D FC * Desired future conditions (DFC) by

aquifer

AnalyS|S e Aquifer trends

e Current DFC status

Well

Analysis
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e Wells by aquifer
e Well diagram

e Water level
measurements

e Water level trends

Spatial
Analysis

» Water level contours (elevation,
depth to water)

e Hydrographs (at well locations)
¢ \Water level measurements
e \Water level trends

¢ \Water quality
parameters

e Stiff diagram
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Edwards Spatial Analysis Upper Trinity Spatial Analysis Middle Trinity Spatial Analysis Lower Trinity Spatial Analysis

Select Time Period Range

‘ Current Date X ow ‘

Results Table

Average Slope (ft/yr) Median Slope (ft/yr)

-4.97 -4.85
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D FC * Desired future conditions (DFC) by
aquifer

Aquifer Data
Analysis Tool -
Overview

e Aquifer trends
e Current DFC status

Analysis

e Wells by aquifer

Weu e Well diagram

e Water level

Ana IyS|S measurements

e Water level trends

e Water level contours (elevation,

Spat|a| depth to water)

e Hydrographs (at well locations)

Ana IyS|S e Water level measurements

¢ \Water level trends

|

e Water quality
parameters

e Stiff diagram
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Edwards Water Quality Upper Trinity Water Quality Middle Trinity Water Quality
|

Select Water Quality Parameter

|TDS{mgﬂ_} xv|

Select Edwards Well with Parameter Data

| ".7 4 xv|

TDS, mg/L over time for well

=
-
=
E
)
[
=

06/21/2024, 1:30 PM

Sample Date

Water Quality

Test Date/Time

86/21/2024, 1:38 PM




stiff Diagram




Why?

‘ Understand impact
of wells on aquifer

9 Access data in one
central location

[

@

View long-term
trends

Improve
accessibility
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2014

New regional
GAM adopted

2016

Updated
regional GAM
Lower Trinity

with local
transmissivity
data

”(/ KT GROUNDWATER

2019

Created
drawdown
prediction tool

2020

Updated
regional GAM
Lower Trinity to
include
additional local
transmissivity
data

2022-2023

Developed local

CGMM to
incorporate
detailed
structure and
hydraulic
properties

2024-2025

New regional
GAM (in
progress)

2025

CGMM
dashboard to
improve model
accessibility
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TRADITIONALLY, RUNNING
GROYNDWATER MODELS REQUIRES
TECHNICAL EXPERTISE AND TIME-

CONSUMING PROCESSES

R

CALL CONSULTANT...

IC
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RUN
SIMULATION

IC
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* Drop pin on a map

* Pumping rate, aquifer, duration
e Multiple wells capability

e Save scenarios

Clearwater
Groundwater
Management
M OdEI RU n ¢ Select scenario &

SimU|ati0n run the model
Dashboard

e Water Level Contours (Elevation, Depth
to Water, Artesian Head)

e Drawdown Contours
e Hydrographs (at well locations)

® Select scenario and

DraWd own buffer distance

* Table displays wells with
drawdown > 1 ft by end
of model run

Analysis

34




* Drop pin on a map

* Pumping rate, aquifer, duration
e Multiple wells capability

e Save scenarios

Clearwater
Groundwater
Management
MOdEl RU n e Select scenario &

SimUIation run the model
Dashboard

e Water Level Contours (Elevation, Depth
to Water, Artesian Head)

e Drawdown Contours
e Hydrographs (at well locations)

¢ Select scenario‘and

DraWd own buffer distance

e Table displays wells with

AnalyS|S drawdown > 1 ft by end

of model run
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(Clearwater A SELECT WELLLOCATION

Drag the marker or click on the map to set the well location. Enter the pumping rate below.

GROUNDWATER
MANAGEMENT B Load Previous Simulation
MODEL DASHBOARD

T Add Well(s)
£ Run Simulation

B View Results

@ Drawdown

Madisonvilie

Bryar

College Station

Cakiwel

LEGEND

Il
v Pumping Location

© OpenStreetMap contributors
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(Clearwater ; SELECT WELL LOCATION

Drag the marker or click on the map to set the well location. Enter the pumping rate below.

GROUNDWATER
MANAGEMENT B Load Previous Simulation
MODEL DASHBOARD

" Add Well(s)

. - S S Mat Counties
#¥ Run Simulation /i ke c

Live Fire

B View Results ’ Area

<
~44 & Model Boundary

Management Zones
Faults

Sori

Springs

@ Drawdown Fort Hoo

Wells — Upper Trinity (Exempt)

Welis — Upper Trinity (Non-

Wells — Middle Trinity (Exempt)
Wells — Middle Trinity (Non-Exempt)

Wells — Lower Trinity {(Exempt)

Wells — Lower Trinity {Non-Exempt)

Hedrns

LEGEND
v Pumping Location

eafiet | Map © OpenStreetMap contributors
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Clearwater, SELECT WELL LOCATION
Drag the marker or click on the map to set the well location. Enter the pumping rate below.
GROUNDWATER
MANAGEMENT @ Load Previous Simulation
MODEL DASHBOARD

! Add Well(s)
: : Ma Counties
£ Run Simulation j ~ o L‘ N
™ viogel bounaary

Management Zones

B View Results
@ Drawdown
er Trinity (Exempt
Wells — Upper Trinity (Non-Exempt)

N2-02-024G J Wells — Middle Trin ty (Exempt)
Lower Trinity We Middle Trinity (Non-Exempt)
von-Exempt 1y ower Trinity (Exempt

ower Trinity (Non

LEGEND
9 Pumping Location

== | =aflet | Map © OpenStreetMap contributors
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B Load Previous Simulation
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i

#¥ Run Simulation
View Results

@ Drawdown

LEGEND

9 Pumping Location

Simulation Folder Name

Test Well

Well Name

Test Well

Latitude Longitude

31.095572 -97.345733

Pumping Rate (AF/year) Model Layer

Pumping Start Year Pumping End Year

2025 2070

Save Location Add Another Well
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Simulation Folder Name

Test Well

Well Name

Test Well

Latitude Longitude

31.095572 -9/7345733

Pumping Rate (AF/year) Model Layer

Pumping Start Year Pumping End Year

Save Location Add Another well
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Add Another Well
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Simulation Folder Name

Multiple Wells Test

Well Name
Latitude Longitude
30.999977 -97.328565
/ \ Pumping Rate (AF/year) Model Layer
/ \
y ” " %‘\
"oty 2\
! B '\ Pumping Start Year Pumping End Year
\
.\
¥ \\
v & A Well Name
\
\ Latitude Longitude
A\
\ \ 31.000000 -97.350000
\ N\ CoRD Pumping Rate (AFfyear) Model Layer
\ \

Pumping Start Year Pumping End Year

Save Location Add Another Well

KT GROUNDWATER
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Save Location Add Another Well
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e Drop pin on a map

* Pumping rate, aquifer, duration
e Multiple wells capability

e Save scenarios

Clearwater
Groundwater
Management
M OdEl RU n ¢ Select scenario &

SimUIatiOn run the model
Dashboard

e Water Level Contours (Elevation, Depth
to Water, Artesian Head)

e Drawdown Contours
e Hydrographs (at well locations)

¢ Select scenario‘and

DraWd own buffer distance

e Table displays wells with

AnalyS|S drawdown > 1 ft by end

of model run
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(C learwater,

GROUNDWATER
MANAGEMENT
MODEL DASHBOARD

' Add Well(s)
¥ Run Simulation
B View Results

@ Drawdown

SIMULATION LOGS

% Loading base model from: model\base

| Adding head observations for 2 well{s)

! Adding pumping for 2 well(s)

(g " KT GROUNDWATER

LAUNCH CGMM SIMULATION

Select a Simulation

example we

# Run Model

O Stop Run




e Drop pin on a map

* Pumping rate, aquifer, duration
e Multiple wells capability

e Save scenarios

Clearwater
Groundwater
Management
MOdEl RU n e Select scenario &

SimUIation run the model
Dashboard

e Water Level Maps (Elevation, Depth to
Water, Artesian Head)

e Drawdown Map
e Hydrographs (at well locations)

¢ Select scenario‘and

DraWd own buffer distance

e Table displays wells with

AnalyS|S drawdown > 1 ft by end

of model run
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(Clearwater ! VIEW SIMULATION RESULTS

Display Mode: Select Layer:
GROUNDWATER
MANAGEMENT Water Elevation (ft amsl) v Hosston (Lower Trinity) v
MODEL DASHBOARD :
Select Scenario:
» Add Well(s) Base Model v
¥ Run Simulation Select Year: 2080
View Results }— |
@ Drawdown View Contour

WATER ELEVATION MAP (2080) — HOSSTON (LOWER TRINITY)

/7

| & Counties
Model Boundary

[C) Management Zones

Water Elevation (ft amsl)

700+
500-700

300-500
0-100
-100-0
-200--100

\

e x treetMap contributors

Export Map as Image

[T i srounowares Water Elevation Map




Q learwater ,

GROUNDWATER
MANAGEMENT
MODEL DASHBOARD
7 Add Well(s)

#¥ Run Simulation
¥ View Results

@ Drawdown

VIEW SIMULATION RESULTS

Display Mode: Select Layer:

Water Depth (ft bgs) v Hosston (Lower Trinity)

Select Scenario:

Base Model v

Select Year: 2080

View Contour

WATER DEPTH MAP (2080) — HOSSTON (LOWER TRINITY)

+|

o5 # 8=,
““Hagker, Heights

Water Depth (ft bgs)

B 1000+
750-1000
500-750
250-500

0-250

Export Map as Image

( | KT GROUNDWATER Water Depth Map



(Clearwater : VIEW SIMULATION RESULTS

Display Mode: Select Layer:
GROUNDWATER
e

MODEL DASHBOARD ’
Select Scenario:

» Add Well(s) Base Model -

#* Run Simulation Select Year: 2080
B View Results EI

@ Drawdown View Contour

Hosston (Lower Trinity) v

ARTESIAN HEAD MAP (2080) — HOSSTON (LOWER TRINITY)

+

Counties

£2 Model Boundary

Artesian Head (ft)

Il 3000+

2000-3000
1000-2000
500-1000
0-500

t | Map © OpenStreetMap contributors

Export Map as Image

( | KT GROUNDWATER Artesian Head IVIap 50




DRAWDOWN MAP (2070) — HOSSTON (LOWER TRINITY)

Wells — Lowe

2 Wells — Lower T

Drawdown (ft)

100+
80-100
60-80

50-60
40-50
30-40
20-30
10-20
5-10
0-5

StreetMap contributors

Export Map as Image

HYDROGRAPH AT WELL LOCATION(S)
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- e
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® OpenSireetMap

O satelite

Counties /
Model Boundary
[0 Management Zones

L S
/

U Faults

[ springs

[ Wells — Upper Trinity (Exempt)

(O welis — Upper Trinity (Non-Exempt)
[0 welis — Middle Trinity (Exempt)
Wells — Middle Trinity (Non-Exempt)
[ wells — Lower Trinity (Exempt)

[J Welis — Lower Trinity {(Non-Exempt)

TA35

X
Value: 186.48 #t

7 =
II > A
/ Drawdown (ft)

’

/ 100+
/ 80-100
/ 60-30 |
/ 50-60
/ 40-50
3040 )
20-30
10-20 ‘
5-10
0-5

4
/. ™= Leaflet | Map © OpenStreetMap contributors

Export Map as Image

HYDROGRAPH AT WELL LOCATION(S)
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e Drop pin on a map

* Pumping rate, aquifer, duration
e Multiple wells capability

e Save scenarios

Clearwater
Groundwater
Management
MOdel Run e Select scenario &

SimUIation run the model
Dashboard

e Water Level Contours (Elevation, Depth
to Water, Artesian Head)

e Drawdown Contours
e Hydrographs (at well locations)

® Select scenario and

Dra Wd own buffer distance

e Table displays wells with
drawdown > 1 ft by end
of model run
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(Clearu.rafer .

GROUNDWATER
MANAGEMENT
MODEL DASHBOARD

T Add Well(s)
£ Run Simulation

B View Results

@ Drawdown

@ DRAWDOWN TOOL

Simulation Folder: Radius (miles): 8
—_———

Select Year for Drawdown Evaluation: 2070

e ————— E——————

Run Analysis

]l WELLS WITH >1 FT DRAWDOWN

Well ID Drawdown (ft) Row Col
E-08-031G 152.46 154 126
E-25-016P 123.5 140 144
E-03-102G 16.03 137 134
E-03-100G 15.86 138 132
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CGMM
Dashboard

Qﬁ.‘f earwater .

GROUNDWATER
MANAGEMENT

MODEL DASHBOARD

" Add Well(s)

£ Run Simulation

View Results

@ Drawdown

H(/ KT GROUNDWATER

Clearwater

Underground Water Conservation District

s
Every drop counts!

CUWCD Aquifer Data Analysis Tool

* Tools bridges gap between
District and its data

* Converts it into clear,
visual, interactive outputs

e Team effort with the
CUWCD Board



/> Tool runs on web browser Flask/Dash

Development
Theis (1935)
.y . . Ordinary kriging
= Analyze/visualize trends Theil-Sen regression
RDP turning points
Pandas
m Compile large datasets GeoPandas
NumPy
GeoJSON
I Z . ; Plotly
Interactive, dynamic maps Viapbox
Leaflet

H(/ KT GROUNDWATER







Clearwater

Underground Water Conservation Dlstnct
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