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PHASE 1 ς ASSESSMENT OF PAST AND CURRENT INVESTIGATIONS 



HYDROSTRATIGRAPHY 
Hydrostratigraphic 

Unit Geologic Unit Characteristics Thickness* Percent Sand*

Alluvium Clay, sand, and gravel

Chicot

Beaumont
Clay rich with sandy 

lenses
Not present

Lissie
Fine-grained sands and 

sandy clays
25-537 (252) 38-74 (60)

Willis Gravelly coarse sands 25-538 (230) 26-79 (59)

Evangeline Aquifer
Goliad

Upper
Thinner, less 

conglomeritic sands
Not present

Lower
Thicker, more 

conglomeritic sands
50-1,034 (326) 36-71 (54)

Fleming Group
Lagarto

Upper Clayey sand 150-707 (367) 40-86 (60)

Burkeville 

Confining Unit
Middle Clay rich 150-792 (453) 36-86 (58)

Jasper Aquifer
Lower Clayey sand 150-566 (339) 45-62 (53)

Oakville Sand rich 67-711 (485) 17-67 (50)

Catahoula Catahoula

*Values in parentheses represent the average. All values calculated from datasets developed by Young and others (2012).



CHICOT CLAY THICKNESS

Lissie Formation Willis Formation



EVANGELINE CLAY THICKNESS

Lower Goliad Formation Upper Lagarto Formation



JASPER CLAY THICKNESS

Lower Lagarto Formation Oakville Formation



AQUIFER STRUCTURE

üDip toward Gulf of Mexico

ïApproximately 65 feet per 
mile

üSalt domes can affect structure

ï70 to 80 percent of surface faults 
associated w/domes

üGrowth faults can affect structure
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Structure from Young and others (2012).



SUBSIDENCE PROCESS

üClay

ïDistribution

ïThickness

ïCompressibility

üWater level change

ïAmount

ïTiming

üHistorical water level

Figure from Kasmarek and Ramage (2017).



SUBSIDENCE MEASUREMENTS

üMore the 200 sites in Houston area

ï15 in Montgomery County

ü5-year average rate

ï< 0.5 inch per year

ïMost < 0.25 inch per year

üHGSD estimates approximately 3 
feet since 1906 in Montgomery 
County



ü Topography and Releveling

üHydrogeology and Geotechnical

üExtensometers

üGPS Network

üRemote Sensing

üModels ς GAMs, Other Flow Models, PRESS

üWater Levels and Pumping Records (USGS and Districts)

EXISTING STUDIES AND DATA



TOPOGRAPHY AND RELEVELING

TWDB ς Report 272 (Ratzlaff, 1982)

üTopographic maps from early 
1900s

üNational Geodetic Survey 
Benchmarks

ïMore than 2,500

ïDate back to 1906

üEvolution and Accuracy



HYDROGEOLOGY AND GEOTECHNICAL

üInitial and defining reports
ïGabrysch and Bonnet (1974)

ïGabrysch and Bonnet (1976)

üCore samples
ïChicot and Evangeline only

ïNo Jasper cores

ïLab measurement of  
compressibility

üExtensometers

USGS WRI 21-74,Gabrysch & Bonnet

USGS WRI 76-32,Gabrysch & Bonnet



EXTENSOMETERS

Wang and others, 2014

ü12 sites

ïChicot and Evangeline only

ïNo extensometers in Jasper

ïNo sites in Montgomery 
County

üOnly means of direct 
compaction measurement



GPS NETWORK

üTwo Types
ïPAM

ïCORS

üMore the 200 sites in 
Houston area
ï15 in Montgomery County

ü Highest rates in Harris 
County

ü< 0.5 inch per year in LSGCD



REMOTE SENSING

üTwo main types relative to subsidence

ïLiDAR

ïInSAR

üLow cost for coverage area

ïSnapshot in time

ïInSAR for shorter time intervals

üVery sensitive to changes

ïIntroduces uncertainty

ïRequires many datasets to discern trends 



EXISTING MODELS

üAnalytical

ïPRESS

ïTWDB Risk Tool

üNumerical

ïHAGM

ïJasper

ïGULF 2023
Intera - HGFBSD

USGS ς SIR 2012-5154



PUMPING
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CHICOT WATER LEVELS

üLittle change historically



CHICOT PUMPING AND WATER LEVELS

 



EVANGELINE
WATER LEVELS

üMore than 200 feet of
change historically

üRecent water level recovery



EVANGELINE PUMPING AND WATER LEVELS

 


