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Porter Site Coring

ÅDrilling, coring, & logging conducted

Å18 core collected
ÅLab analyses of core

Å350+ pages of lab reports (currently)

ÅMultiple labs contributed to analyses
ÅIntertek

ÅW.D. Von Gonten Engineering

ÅInnovative Geotechnology

ÅTexas A&M (in progress)

Tests Conducted

Water content
Atterberg limits (3-point)

Sieve analysis

Percent finer than #200 sieve

Hydrometer

1-D incremental consolidation
Hydraulic conductivity
Consolidated undrained (CU) triaxial
Stress path

Permeability to water

Mineralogy



Collected Core

Aquifer Top Bottom Thickness

Chicot 0 320 320
Evangeline 320 1,155 835

Burkeville 1,155 1,418 263
Upper Jasper 1,418 1,842 424
Lower Jasper 1,842 2,383 541

Core ID Top Bottom Length Aquifer
1 78 84.95 6.95 Chicot
2 198 206 8 Chicot
3 308 319.6 11.6 Chicot

4 457 463.15 6.15 Evangeline

5 640 651.5 11.5 Evangeline

6 833 848.35 15.35 Evangeline

7 968 978.8 10.8 Evangeline

8 1,088 1,095.9 7.9 Evangeline
9 1,198 1,203.4 5.4 Burkeville

9B 1,208 1,217.85 9.85 Burkeville
10 1,293 1,306.3 13.3 Burkeville
11 1,463 1,475 12 Upper Jasper

12 1,538 1,546.15 8.15 Upper Jasper

13 1,633 1,644.35 11.35 Upper Jasper

14 1,726 1,738 12 Upper Jasper

15 1,888 1,896.1 8.1 Lower Jasper

16 1,953 1,964.1 11.1 Lower Jasper

17 2,058 2,065.45 7.45 Lower Jasper

18 2,261 2,266.95 5.95 Lower Jasper
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C1 T2: 82 ς унΦнрΩ C2 T4: 204 ς нлпΦнрΩ

C3 T3: 313.5-омпΩ C4 T2: 459.42-прфΦстΩ







Example of 1-D consolidation test
(Core 8 ς Evangeline)

9.5 ksf

—
Ὡ

ρ Ὡ



Pre-Site 1 Information ς
Porosity
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Pre-Site 1 Information ς
Specific Storage



Inelastic Specific Storage (Sskv)

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

100 1,000 10,000

In
el

as
tic

 S
pe

ci
fc

 S
to

ra
ge

, f
t

-1

Depth, ft

Gabrysch Sites

Gabrysch Trend



Inelastic Specific Storage (Sskv)

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

100 1,000 10,000

In
el

as
tic

 S
pe

ci
fc

 S
to

ra
ge

, f
t

-1

Depth, ft

Porter - Chicot Porter - Evangeline

Porter - Burkeville Porter - Jasper

Porter Trend Gabrysch Sites

Gabrysch Trend



Inelastic Specific Storage (Sskv)

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

100 1,000 10,000

In
el

as
tic

 S
pe

ci
fc

 S
to

ra
ge

, f
t

-1

Depth, ft

Porter - Chicot Porter - Evangeline

Porter - Burkeville Porter - Jasper

Porter Trend Gabrysch Sites

Gabrysch Trend TAMU C6T6-HP Evangeline

TAMU C6T6-SO Evangeline



Inelastic Specific Storage (Sskv)

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

100 1,000 10,000

In
el

as
tic

 S
pe

ci
fc

 S
to

ra
ge

, f
t

-1

Depth, ft

Porter - Chicot Porter - Evangeline Porter - Burkeville

Porter - Jasper Porter Trend Gabrysch Sites

Gabrysch Trend GMA 14 Model Initial Trend Model Bounds

TAMU C6T6-HP Evangeline TAMU C6T6-SO Evangeline



Elastic Specific Storage (Sske)
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Example of Hydraulic Conductivity
(Core 8 ς Evangeline)



Pre-Site 1 Information ς
Hydraulic Conductivity
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Model Update Purpose

ÅAddress identified issues with Gulf23
ÅAquifer compaction

ÅHydraulic properties

ÅPumping

ÅUpdate model for GMA 14 joint planning
ÅAnnual stress periods

ÅUnited States Customary units



Summary of Work to Date

ÅModel Package Updates
ÅDiscretization

ÅAquifer transmissivity

ÅRecharge, River, Drain, General Head, Initial Conditions, and Output Control

ÅCompaction

ÅPumping

ÅCalibration
Å99% complete

ÅContinuing to refine if something comes up



Discretization

ÅConverted length units from meters to 
feet

ÅReprojected from UTM to GAM 
coordinate system

ÅUpdated model grid
ÅGULF 23: 1 km x 1 km
ÅGMA 14
ÅVariable to match GULF 23 as closely as possible
Å350 rows: 3,276 feet to 3,293 feet
Å380 columns: 3,277 feet

ÅNo changes to layer elevations

GMA14 Grid Gulf23 GridGulf23 GridGMA14 Grid



Aquifer Transmissivity

ÅObtained available records of pumping tests

ÅInitial distribution based on pumping test data

ÅInitial model hydraulic conductivity = Transmissivity / layer thickness

ÅAdded pilot points 
ÅEvery 10 model cells

ÅBounds based on proximity to a pumping test

ÅValues can change during calibration



Initial Transmissivity ς Chicot



Initial Transmissivity ς Evangeline



Initial Transmissivity ς Jasper



Pumping

ÅGulf23 Pumping Files:
ÅPrior & Post MODFLOW Well files
ÅIrrigation and Non-Irrigation Pumping

ÅCompare Gulf23 to HAGM 

ÅCompare Gulf23 to TWDB Reported Pumping

ÅReview Additional Pumping Data Provided by GCDs in GMA14
ÅBluebonnet GCD
ÅBrazoria County GCD
ÅLower Trinity GCD
ÅLone Star GCD



Pumping Review ς Gulf23 Irrigation Reduction



Compaction Package Requirements

ÅCoarse-grained material specific storage and porosity

ÅFor each interbed model cell
ÅάDelayέ ƻǊ άNoDelayέ ƛƴǘŜǊōŜŘ

ÅPreconsolidation ǎǘǊŜǎǎ ǾŀǊƛŀōƭŜ ŀǎ άǇŎǎлέ

ÅInterbed thickness (b) or equivalent thickness (bequivύ ŀǎ άthick_fracέ

ÅNumber of interbeds (nequiv) as άrnbέ

ÅInelastic and elastic specific storage (or compression indices) as άssv_ccέ and 
άsse_crέ

ÅInitial porosity as άǘƘŜǘŀέ

ÅVertical hydraulic conductivity as άkvέ



Compaction Package Updates

Å/ƻǊǊŜŎǘŜŘ άbƻ 5Ŝƭŀȅέ ōŜŘ Ŏƭŀȅ ǘƘƛŎƪƴŜǎǎŜǎ
ÅUsing Gulf23 representative fine-grained bed thickness and number
Åaƻǎǘ ƛƴǘŜǊōŜŘǎ ŎƻƴǾŜǊǘŜŘ ǘƻ άŘŜƭŀȅέ ōŜŘǎ

ÅContinue using specific storage as input

ÅCoarse-grained sediments
ÅUsing Gulf23 porosity
ÅAllowed elastic specific storage to change

ÅUpdated fine-grained vertical hydraulic conductivity parameterization 
to be consistent with the conceptual model and Porter Site data

ÅValues can change during calibration



Jasper Interbed Limitation
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Jasper Interbed Limitation
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Calibration Approach

ÅIterative Ensemble Smoother (PEST ++ IES)

ÅSet base values and upper/lower bounds for the following
ÅPilot points
ÅHorizontal and vertical hydraulic conductivity

ÅStorage parameters

ÅCompaction parameters

ÅRecharge

ÅRiver and General Head Boundary conductance

ÅNo changes to pumping estimates during calibration

ÅWater level and subsidence targets



Calibration Targets

GMA 14 Model

ÅWater level and subsidence
ÅEnd of year reported measurements
ÅDifferences between reported 

measurements
ÅTrend(s) of reported measurements

ÅSubsidence targets
ÅGPS and extensometer ς reported 

measurement
ÅBenchmarks ς Gulf23 calibration files

Gulf23 Model

ÅWater level
Å< Year 2000: 5-year moving average
Åҗ ¸ŜŀǊ нлллΥ н-year moving average
ÅDifferences in smoothed values

ÅSubsidence
Å< Year 2000: 5-year moving average
Åҗ ¸ŜŀǊ нлллΥ м-year moving average
ÅDifferences in smoothed values
ÅContour maps, benchmarks, 

extensometers, and GPS



Calibration Summary Statistic

Mean Error (ME) = The average difference between the measured and 
modeled observation values.
ÅPositive: modeled > measured

ÅNegative: modeled < measured

Layer Gulf 23*
GMA 14

Our TargetsGulf23 Targets
Chicot 4.7 9.6 -10.5

Evangeline 11.2 -1.7 -10.7
Jasper -6.2 -7.0 -3.0

Catahoula 39.5 -1.0 -8.7

Station Type Gulf 23*
GMA 14

Our TargetsGulf23 Targets
Benchmark 0.2 0.03 0.2

Extensometer 0.3 0.19 -0.02
GPS -0.02 -0.02 0.01

Water levels ME, feet MSL Subsidence ME, feet

*Gulf23 applied a 5-year moving average to water levels prior to 2000 
and a 2-year moving average to water levels from 2000 on.

*Gulf23 applied a 5-year moving average to subsidence values prior to 
2000 and a 1-year moving average to subsidence values from 2000 on.



Water Levels ς Model Wide



Hydrographs ς Chicot

SWN: 6060103 SWN: 6154702
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Hydrographs ς Evangeline
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Hydrographs ς Jasper

SWN: 6045504

SWN: 6041105

SWN: 6023904



Subsidence
Extensometers

GPS Stations

Benchmarks 



Simulated Subsidence ς 1896-2018



Subsidence and Compaction

P013 Lake Houston Ext.

Johnson SC Ext.P014


