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PHASE ¢ ASSESSMENT OF PAST AND CURRENT INVESTIC

U Hydrogeology and Subsidence
U Existing Studies and Data
U Modeling

U Regulations and Management

U Phase 1 Conclusions

U Phase 2 Scope of Work




HYDROSTRATIGRAPHY

Unit Geologic Unit Characteristics Thickness* Percent Sand*

Alluvium Clay, sand, and gravel
Clay rich with sandy

Beaumont Not present
lenses

Finegrained sands and

Chicot Lissie
sandy clays

25537 (252) 3874 (60)

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

Thinner, less

iy Not present
conglomeritic sands

Upper

Goliad
: : Thicker,
Evangeline Aquifer Lower et more 50-1,034 (326) 3671 (54)
conglomeritic sands

Upper Clayey sand 150707 (367) 40-86 (60)

Burkeville

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

Clayey sand 150566 (339) 4562 (53)

Jasper Aquifer
Sand rich 67-711 (485) 17-67 (50)

Catahoula Catahoula

*Values in parentheses represent the average. All values calculated from datasets de . THORNHILL GROUP. INC.
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CHICOT CLAY THICKNESS

LissieFormation Willis Formation
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EVANGELINE CLAY THICKNESS

Lower Goliad Formation UpperLagartoFormation
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JASPER CLAY THICKNESS

LowerLagartoFormation Oakville Format|on
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AQUIFER STRUCTURE

U Dip toward Gulf of Mexico

I Approximately 65 feet per
mile

U Salt domes can affect structure

I 70 to 80 percent of surface faults
associated w/domes

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

0

Walker County

" TDS Isoline (mg/L)

Chicot Aquifer
1) Beaumont
2) Lissie

3) Willis
Evangeline Aquifer
4) Upper Goliad

5) Lower Goliad
6) Upper Lagarto

Burkeville Unit
7) Middle Lagarto

Jasper Aquifer
8) Lower Lagarto
9) Oakville Formation

Inferred Contact

State Well ID#

10 20

6036305

6037716

Montgomery County

6054406

6063712

Harris County

6513322

Growth Fault
Salt Dome
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SUBSIDENCE PROCESS

When long-term withdrawals Original land- ; - Recoverable land-surface elevation caused by
lower groundwater levels and surface elevation Resultant land-  reversible elastic deformation (cyclic shrinking
u C I raise pressure on the clay and surface elevation and swelling of fine-grained surficial sediments)
U a.y silt layers beyond a threshold _ ;
A Permanent decrease in land-surface

amount, the sitt and clay layers elevation caused by irreversible
compact, and the land-surface Y

| D|Str|but|on elevation decreases permanently S inelastic deformation accompanied

by anincrease in the effective stress
on the aquifer

oy . Original predevelopment e S T A T
| Tthkn ess potentiometric surface : — N '-
- Gravel and s?nd % Resultant potentiometric surface
o T & Original il AAEes i
| Compl‘eSSIblhty predevelopment EOR R N AL
aq_uifer sedirpent PR mlls After long-term and sustained

0o thickness prior groundwater withdrawals, the resulting
u Wate r Ieve I C h an g e to groundwater TR A compaction of aquifer sediments is

withdrawals s ‘ concentrated in the fine-grained silt
SRS and clay layers

I Amount
i Timing il

Depth to
U Historical water level iansibeiliy

Granular silt and clay skeletal | |Rearranged and compacted Hydrograph of long-term water-
matrix defining fluid-filled granular silt and clay skeletal level decline modulated by seasonal
interstitial pore spaces that | |[matrix with reduced porosity and | | cycles of increased and decreased

store groundwater groundwater storage capacity groundwater withdrawals
|REO wATER _
Z Figure fromKasmareland Ramage (2017).




GPS Station Locations
| Overall Rate of Change (in/yr)

B <10 /A <-0.1

U More the 200 sites In Houston area | & ad & o
i 15 in Montgomery County : ’\Jffn”gdsibdy

U 5-year average rate
I <0.5Inch per year
I Most < 0.25 inch per year

Waller
0 HGSD estimates approximately 3 2%

feet since 1906 in Montgomery it

County
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EXISTING STUDIES AND DATA

U Topography and Releveling

U Hydrogeology and Geotechnical
U Extensometers

U GPS Network

U Remote Sensing

U Models¢ GAMs, Other Flow Models, PRESS

U Water Levels and Pumping Records (USGS and Districts)




TOPOGRAPHY AND RELEVELING

ExeLANATION

U Topographic maps from earl
1900s

U National Geodetic Survey
Benchmarks
I More than 2,500 e
i Date back to 1906 e

Figure 5

U Evolution and Accuracy il e b

TWDE; Report 272 Ratzlaff 1982)
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HYDROGEOLOGY AND GEOTECHNICAL

U Initial and defining reports
I Gabryschand Bonnet (1974)
I Gabryschand Bonnet (1976)

U Core samples
I Chicot and Evangeline only

I No Jasper cores

I Lab measurement of
compressibility

U Extensometers




EXTENSOMETERS

ADKS-CORS

xtension

U 12 sites e
I Chicot and Evangeline onl
I No extensometers in Jaspe

I No sites in Montgomery
County

ADKS Inner-pipe Extension

Addicks Extensometer

Exposed Inner Pipe

6 meters

Slip-Joint Casing

549 meters

Burkeville Confining Shale

Burkeville Confining Shale

Relative Position of GPS stations: 1996 Relative Position of GPS stations: 2012
Wang and others, 2014
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Vertical Movement - Peried of Record - Horizontal Reference Frame 16

GPS NETWORK -

water required T
Alternative

Subsidence Rate water
~ 2.0 cmfyear ilized

Subsidence
Rate < 0.5
cm/year

u Two Types
i PAM
i CORS ol—

U More the 200 sites In | @

Houston area

I 15 in Montgomery County

U Highest rates in Harris LT B e
County

U < 0.5 Inch per year in LSGC

o

Humble
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REMOTE SENSING T . | ===

llimeters

e movement

U Two main types relative to subsidenc
i LIDAR i R S
i INSAR N U GEEE
U Low cost for coverage area
I Snapshot in time
I InSARor shorter time intervals SRETNIY SAap f)) |

w1l = Line of equal
water-level
rise—Intervals
20 and 40 fast

U Very sensitive to changes V) D R TR

and 40 feet
—— 1+ — Line of zero

I Requires many datasets to discern tren

LYES 1O
COUNTY
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EXISTING MODELS

U Analytical
I PRESS
i TWDB Risk Tool

U Numerical
i HAGM
| Jasper
i GULF 2023

=
c
=)
S
@
=%
£
S
&}
¥ol
pi}
o
i

LIBERTY

BRAZORIA

EXPLANATION

PRESS Site location
polygen—Value shown
m 1906
rom PRESS

high-impact
base-case

—5— HAGM Simulated land-

low-impact surface subsidence,
1891-2000, in feet

—5— Measured land-surface

subsidence, 1906-2000

{Gabrysch and Neighbors,

2008}, in feet

USS SIR 2015154

Professional Hydrogeologists « Water Resources Specialists




PUMPING
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I I I !! I R E Hydrograph Wells Hydrograph Locations
© Chicot Aquifer
C I C O W E L V ‘ WALKER O Evangeline Aquifer N
© Jasper Aquifer
4 A

U Little change historically

100

0_

Water Elevation (ft msl)
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\ LIBERTY
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Tomball

HARRIS

Water Elevation (ft msl)

Humble
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CHICOT PUMPING AND WATER LEVELS
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EVANGELINE
WATER LEVELS

U More than 200 feet of
change historically

200 -

Water Elevation (ft msl)

100

U Recent water level recovery
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EVANGELINE PUMPING AND WATER LEVELS
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