
Numerical Model of Groundwater Flow
 in the southern portion of the Trinity Aquifer

Technical Progress Meeting
August 8, 2025
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Thank you for signing in early.
The meeting will begin at 10:00 am, Central Daylight Time
Please stay muted during the meeting and use the chat box to submit questions



What to Expect Today
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Draft model is ready

Highly technical in nature

Official public comment period TBD



Meeting information
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• An audio and video recording of the meeting, 
presentation, and the report summarizing the meeting 
will be made available on the TWDB project webpage

http://www.twdb.texas.gov/groundwater/models/gam/trnt_h/trnt_s.asp 

http://www.twdb.texas.gov/groundwater/models/gam/trnt_h/trnt_s.asp


Agenda
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Numerical Model for the southern portion of the Trinity Aquifer

Question and Answer



Numerical Model of Groundwater Flow
 in the southern portion of the Trinity Aquifer

Introduction
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Lead Modeler : Jevon Harding, P.G.



Model Boundary
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Model 
Boundary
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Model 
Boundary



Planning 
Boundaries
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• GMAs 9 & 10

• Kinney County



Model Layers
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Stratigraphy
(Southern Trinity GAM)
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Plateau
(West)

Model 
Layer

Edwards 1

Trinity 2

1
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Stratigraphy
(Southern Trinity GAM)
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Plateau
(West)

Hill Country
(Central)

Edwards BFZ
(Southeast)

Model 
Layer

Edwards -- Edwards 1

Upper Trinity Upper Trinity Upper Trinity 2

Middle Trinity Middle Trinity Middle Trinity 3

Hammett Shale Hammett Shale Hammett Shale 4

Lower Trinity Lower Trinity Lower Trinity 5

1
2



Model Summary
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Model Summary
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• MODFLOW 6

• 5 layers (Edwards, Upper Trinity, Middle Trinity, Hammett, Lower Trinity)

• 341,249 active cells (443,425 total)

• Time Period: 1980-2020 

• 41 stress periods (1 Steady-state & 40 annual transient) 

• Average run time : 17-19 minutes

• Steady-state model calibration using pestpp-ies



Model Standards
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 “The range of hydraulic head fluctuations in the observation wells must be matched as 
closely as possible”

 “The mean absolute error or root mean squared error between measured hydraulic 
head and simulated hydraulic head must be less than 10 percent of the measured 
hydraulic head drop across the model area for each model layer.”

 “Any error must not be spatially biased”



16

Model 
Boundary

Edwards Upper Trinity Middle Trinity

Hammett (confining) Lower Trinity All

Colors represent different stress periods

3% 4% 7%

9%10% 5%



17Colors represent different stress periods

Edwards Upper Trinity Middle Trinity

Hammett (confining) Lower Trinity All

3% 3% 7%

10%15% 5%



18

History Matching - Hydrographs

GOOD – matches Elevation Range GOOD – matches Trend
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History Matching – Edwards
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History Matching – Upper Trinity 
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History Matching – Middle Trinity 
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History Matching – Lower Trinity



Model Results
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Model Results
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(Cha & others, 2022)



Model Results

28

(Cha & others, 2022)
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Model Design: Packages
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Model Design
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• Model Packages
  IMS (solver)
  TDIS (time discretization)
  IC (initial conditions)
  DISU (grid)
  NPF (hydrologic properties)
  STO (storage properties)
  RIV (rivers)
  DRN (springs)
  GHB (general head boundary)
  RCH (recharge)
  WEL (pumping)



Model Design
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• Model Packages
  IMS
  TDIS
  IC
  DISU
  NPF
  STO
  RIV
  DRN
  GHB
  RCH
  WEL

Model Setup

Boundary Conditions

Physical Properties



Model Design
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• Model Packages
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  IC
  DISU
  NPF
  STO
  RIV
  DRN
  GHB
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Model Packages: Grid (DISU)
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Model Packages: DISU
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Completely remove 
inactive cells

Add refinement around 
areas of interest

Specify cell 
connections 

regardless of layer
DIS

DISV DISV
DISU DISU DISU

MODFLOW 6 Discretization Options:



Model Packages: DISU
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Completely remove 
inactive cells

Add refinement around 
areas of interest

Specify cell 
connections 

regardless of layer
DIS

DISV DISV
DISU DISU DISU

MODFLOW 6 Discretization Options:
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Model
Grid

* Layer 4 Hammett Shale extent approximately same as Layer 5

• 443,425 total cells 
 (341,249 active)

• All layers same # of cells 

• Eroded areas are inactive

• Bottom 2 layers pinchout 



Model Packages: DISU
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Completely remove 
inactive cells

Add refinement around 
areas of interest

Specify cell 
connections 

regardless of layer
DIS

DISV DISV
DISU DISU DISU

MODFLOW 6 Discretization Options:



Model Grid
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Model
Grid

• Quadtree Refinement 

• Max cell = 1 mile

• Min Cell: 

Streams (1/16 mile) 

Lakes (1/4 mile) 



Model Packages: DISU
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Completely remove 
inactive cells

Add refinement around 
areas of interest

Specify cell 
connections 

regardless of layer
DIS

DISV DISV
DISU DISU DISU

MODFLOW 6 Discretization Options:



Model Packages: DISU
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Model MODFLOW
Version

Grid 
Type

Remove 
Excess 

cells

Quadtree
Refinement

Different grids
in different 

layers

Connections
across layers

Llano Uplift 
(TWDB) USG DISV* - - - -

S. Gulf Coast
(TWDB) USG DISV* - X - -

N. Gulf Coast
(USGS) 6 DIS - - - -

S. Carrizo-Wilcox
(Panday et al) 6 DISU X X - -

N. Carrizo-Wilcox
(Panday et al) 6 DISU X - X -

Cross Timbers
(INTERA) 6 DIS - - - -

CURRENT 6 DISU X X - X

*MODFLOW-USG “DISU” package is equivalent to MODFLOW-6 “DISV” package
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Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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• Typical model assumes that horizontal flow mostly follows model layers
• Decent simplifying assumption for most geology in Texas
• Easy for structured grid models to replicate

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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?

• Fault blocks & disconnected geology are more complicated

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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• MODFLOW will automatically connect model layers even if elevations don’t overlap

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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• Typical solution : Don’t include complicated geology!  
• This is why original “Hill Country” Trinity GAM does NOT include Edwards Balcones Fault Zone

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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• Workaround: Define Model layers separately from Geology (ex. HUF package)
• Requires simplifications & assumptions
• Makes post-processing by geologic layer difficult  

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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• Fully unstructured grid – less reliant on model “layers”
• Can specify flow connections for individual model cells

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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593607 593608

484208

Before corrections (ja): 

593607  484208 593223 593606 593608 594050 

593606

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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593607
593608
484209

374810
484208

After corrections (ja): 

593607  374810  484208  484209  593608  594050

X

Edwards
Upper Trinity
Middle Trinity

Hammett
Lower Trinity
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Land Surface

Water Level



Model Packages: DISU
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• Unstructured Grid - Getting more usefulness from Real-life geology info

• Calculate fault flow based on elevation first 

 Minimizes reliance on uncertain fault property assumptions

• Identify cells that are not physically attached to rest of model 

 Minimizes errors from forcing connections that aren’t REAL

• Identify true erosional edges 

 Minimizes guessing about boundaries



Model Design
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• Model Packages
  IMS
  TDIS
  IC
  DISU
  NPF
  STO
  RIV
  DRN
  GHB
  RCH
  WEL

Model Setup

Boundary Conditions

Physical Properties



Model Packages: Pumping (WEL)
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Pumping Distribution
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Individual WEL package by Water Use Type*

• Municipal (MUN)

• Irrigation (IRR)

• Industrial (IND) 

Variables: 

• Pumping rate

 Values from LRE-contracted study & TWDB Water Use Survey

 By Water Use Type*  

 By TWDB Major Aquifer (Edwards-BFZ, Edwards-Trinity Plateau, & Trinity) 

*categories from TWDB Water Use Survey

• Mining (MIN)

• Stock (STK)

• Rural-Domestic (RD)
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TRAVIS
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TRAVIS
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UVALDE
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UVALDE
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Model Design
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• Model Packages
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  TDIS
  IC
  DISU
  NPF
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  RIV
  DRN
  GHB
  RCH
  WEL

Model Setup

Boundary Conditions

Physical Properties



Model Packages: Recharge (RCH)
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Recharge Distribution

76Image modified from: Estimates of Recharge and Surface Water – Groundwater 
Interactions for Aquifers in Central and West Texas (TWDB Contract #2048302455)

• Initial values from contracted WSP Recharge study

• Chose most “realistic” spatial distribution: 

 Soil-water-balance (SWB) method

• Avoid double-counting: 

 Did not apply Recharge to RIV cells

 Only in topmost active layer

• Variables: 

 Recharge flux rate (LT-1)

 Multipliers by Surface Geology Zones



Recharge Distribution
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• Variables: 

 Recharge flux rate (LT-1)

 Multipliers by Surface Geology Zones
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Recharge
Zones



Model Packages: RCH
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Model 
Packages: 
RCH

1981 Recharge



Model Packages: RCH
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Model 
Packages: 
RCH

2000 Recharge



Model Packages: RCH
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Model 
Packages: 
RCH

2011 Recharge



Model Design
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• Model Packages
  IMS
  TDIS
  IC
  DISU
  NPF
  STO
  RIV
  DRN
  GHB
  RCH
  WEL

Model Setup

Boundary Conditions

Physical Properties



Model Packages: Properties (NPF)
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Model Packages: NPF
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Variables: 

• Cell type

o All cells convertible (confined/unconfined based on head)

• Hydraulic conductivity: 

o Horizontal : Calibrated values (zone multipliers – see map)

o Vertical : tied to Horizontal 

 Kv = 0.1 x Kh (majority)

 Kv = Kh (faults and in Western Edwards-Trinity Plateau region)



K Zones
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Layer Layer Name
K Zones

Geologic Fault*
1 Edwards 6 16
2 Upper Trinity 3 16
3 Middle Trinity 6 16
4 Hammett 2 16
5 Lower Trinity 4 16

*Faults based on traces + model layer displacement



Horizontal Hydraulic 
Conductivity
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Vertical Hydraulic 
Conductivity
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Model Design
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• Model Packages
  IMS
  TDIS
  IC
  DISU
  NPF
  STO
  RIV
  DRN
  GHB
  RCH
  WEL

Model Setup

Boundary Conditions

Physical Properties



Model Packages: Storage (STO)
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Specific storage
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Values from previous GAM



Specific yield
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Values from previous GAM



Model Design
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• Model Packages
  IMS
  TDIS
  IC
  DISU
  NPF
  STO
  RIV
  DRN
  GHB
  RCH
  WEL

Model Setup
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Physical Properties



Model Packages: Rivers (RIV)
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Model 
Packages: 
RIV

Represents:

• Perennial rivers

• Major Lakes 
Lake Travis
Lake Austin
Canyon Lake
Medina Lake



Model Packages: RIV
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Variables: 

• Stream stage (elevation): 

  land surface elevation (corrected to flow downhill)

• Stream bottom (elevation): 

 0.5 feet below land surface elevation

• Conductance:

 Calibrated value (multiplier by river)



Model Packages: RIV
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• River elevations corrected to force downhill flow
• Model top replaced with corrected river elevation



Model Packages: RIV
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Variables: 

• Stream stage (elevation): 

  land surface elevation 

• Stream bottom (elevation): 

 0.5 feet below land surface

• Conductance:

 Calibrated value (multiplier by river)



River Conductance
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Model Packages: Drains (DRN)
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Model 
Packages: 
DRN

Represents:
• Springs
• Rivers 

Llano
Upper Pedernales
Little Devils

• Erosional edges



Plan view Cross-section

Uncorrected Grid (only horizontal & vertical connections)



Plan view Cross-section

Corrected Grid (diagonal connections & inactive cells)



Plan view Cross-section

Erosional
edge

Erosional
edge

Erosional Edge: 
1) A cell loses a horizontal connection
2) The lost horizontal connection does not get replaced with a diagonal connection



Plan view Cross-section

Not an
Erosional

edge

Not an 
Erosional

edge

Non-Erosional Edge: 
1) A cell loses a horizontal connection
2) The lost horizontal connection is replaced with a diagonal connection (in same vertical “family”*)



Model Packages: DRN
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Variables: 

• Head (elevation): 

  land surface elevation at spring/drain location

• Conductance 

 calibrated value (multiplier by individual spring or edge zone)



106

Model 
Packages: 
DRN



Model Packages: Boundary Flow (GHB)
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Model 
Packages: 
GHB

Represents:
• Western Boundary
• Edwards Downdip



Variables: 
• Boundary Head 
 Western Boundary 
 Edwards (Layer 1) 

- Assumed to be unconfined
- calibrated value above Edwards bottom (as additive value by grid cell)

 Trinity (Layers 2-5) 
 - Assumed to be confined
 - calibrated value above Edwards bottom (as additive value by grid cell)

 Southeastern Edwards downdip
 Edwards (Layer 1) only
 calibrated value below land surface (as additive value by grid cell)

• Conductance 
 Calibrated value (as multiplier by zone – Western or Edwards)

Model Packages: GHB
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Model 
Packages: 
GHB

Western Boundary: 
 Edwards – Layer 1
 Trinity – Layers 2 through 5 (lumped)
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Model 
Packages: 
GHB

Edwards Downdip: 
 Edwards – Layer 1
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Model 
Packages: 
GHB

Conductance Zones: 
1) Western Boundary 
2) Edwards Downdip: 

 



Discussion
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Contact Information
Jevon Harding, P.G.

Lead Modeler
512-463-7979

Jevon.Harding@twdb.texas.gov

Daryn Hardwick, Ph.D.
Manager

512-475-0470 
Daryn.Hardwick@twdb.texas.gov 

Web information:
https://www.twdb.texas.gov/groundwater/models/gam/trnt_h/trnt_s.asp

114

https://www.twdb.texas.gov/groundwater/models/gam/trnt_h/trnt_s.asp
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