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Appendix A — Exhibits Presented at Public Hearing held on May 28, 2020

Harris-Galveston Subsidence District Presentation
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2019 ANNUAL
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REPORT

Public Hearing - May 28, 2020

Subsidence District Mission

» The Subsidence District was created in 1976 to
prevent land subsidence in Harris and Galveston
counties through the management of groundwater.

» Land subsidence contributes to flooding,
threatening the economic health of the area

« Efforts to prevent subsidence by the District and the
regulated community have required significant
investment in order to create a more resilient
infrastructure to mitigate flooding while securing
reliable water sources for future needs

» Annual groundwater hearing required by enabling
act to receive testimony regarding the effects of
groundwater withdrawals on subsidence
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Precipitation (Inches)
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Groundwater Withdrawals 2019 9.5 MGD
Grouped by Regulatory Area - Regulatory Area One
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Groundwater Withdrawals 2019 34.5 MGD
Grouped by Regulatory Area - Regulatory Area Two
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Groundwater Withdrawals 2019 184.1 MGD
Grouped by Regulatory Area - Regulatory Area Three
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Alternative Water Utilized (Surface and Reclaimed Water)

Grouped by Source- Entire District 2019 746.5 MGD
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Total Water Demand

Grouped by Source- Entire District 2019 974.8 MGD
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Groundwater Withdrawals (Tri-County) 2019 303.7 meD
Grouped by County

B Harris Galveston O Fort Bend
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USGS Presentation
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GPS
Monitoring
Network

Location and Map
Identification of
GPS Monitoring Sites
that record periodic
or confinuous GPS
data within Harris
and Surrounding
Counties, Texas,
2019.
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Annual subsidence
rate, in centimeters
per year (cm/yr),
estimated from
three or more years
of periodic or
confinuous GPS
data measured at
GPS monitoring sites
in Harris and
Surrounding
Counties, Texas,
2015-2019.
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Regulatory
Area Three

Annual subsidence
rate (cm/yr)
estimated from
three or more years
of periodic or
continuous GPS
data measured at
GPS monitoring sites
in Harris County,
Texas, 2015-2019.
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Change in Ellipsoid Height (cm)
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POO1
Period of
Record Plot

GPS monitoring site
P0OO1, located in
Jersey Village, has
the greatest
subsidence
measuring at 71.8
cm since 1994.
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Exhibit 17

P00é
Period of
Record Plot

GPS Monitoring Site
P00¢, located near
the West Houston
Airport, has
subsided 57.3 cm
since 1997.
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Regulatory
Area Two

Annual subsidence
rate (cm/yr)
estimated from 3 or
more years of
periodic or
continuous GPS
data measured at
GPS monitoring sites
in Harris and
Galveston Counties,
Texas, 2015-2019.
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Change in Ellipsaid Height (cm)

SPost Oak Ry

P0O41
Period of
Record Plot

GPS monitoring site
P041, located in the
Westbury
neighborhood has
measured 9 cm of
subsidence since
2011.
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Regulatory
Area One

Annual subsidence
rate (cm/yr)
estimated from 3 or
more years of
periodic or
continuous GPS
data measured at
GPS monitoring sites
in Harris and
Galveston Counties,
Texas, 2015-2019.
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Change in Ellipsold Height (cm)

P024
Period of
Record Plot

GPS monitoring site
P024, located in
LaPorte, measured
uplift of 3 cm since
2002.
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Surrounding
Counties

Annual subsidence
rate (cm/yr)
estimated from 3 or
more years of
periodic or
continuous GPS
data measured at
GPS monitoring sites
in Brazoria, Fort
Bend, Waller,
Montgomery, Liberty
and Chambers
Counties, Texas,
2015-2019.
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PO04
Period of
Record Plot

GPS monitoring site
P004, located in
Sugar Land, has
measured 28.4 cm
of subsidence since
1994.
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Change in Ellipsoid Height (cm)

P029
Period of
Record Plot

GPS monitoring site
P029, located in
Katy, has measured
21.5 cm of
subsidence since
2007.
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Surrounding
Counties

Annual subsidence
rate (cm/yr)
estimated from 3 or
more years of
periodic or
continuous GPS
data measured at
GPS monitoring sites
in Montgomery
County, Texas, 2015-
2019.
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Change in Ellipsoid Height (cm}

P068
Period of
Record Plot

GPS monitoring site
P068, located in The
Woodlands, has
measured 8.2 cm of
subsidence since
2011.
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GPS monitoring site
P0O13, located in The
Woodlands, has
measured 26.7 cm
of subsidence since
2000.
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Surrounding
Counties

Annual subsidence
rate (cm/yr)
estimated from 3 or
more years of
periodic or
continuous GPS
data measured at
GPS monitoring sites
in Brazoria County,
Texas, 2015-2019.
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P0O88
Period of
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GPS monitoring site
P088, located in
Rosharon, has
measured 2.7 cm of
subsidence since
2016.
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Determination of Groundwater Withdrawal and Effects on Subsidence — 2019

Appendix A — Exhibits Presented at Public Hearing held on May 28, 2020

United States Geological Survey Presentation
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Pumping well turbine, Montgomery County, Texas

» Approach and Methods
» Gulf Coast Aquifer System
» Groundwater Monitoring Network
» Groundwater-Level Maps by Aquifer
— Current water-level altitudes
— 1-year and 5-year water-level change
— Long term water-level altitude change
o Cumulative Compaction

&< USGS
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Approach and Methods

Measure static Data

: : Final Publication
water-levels interpretation

673 public supply, irrigation, : Data
industrial, and observation wells Data and analysis: ) ’ :
: : interpretations,
in 11-county Houston-Galveston 1. Quality assured o
: : depictions, and
region 2. Peer reviewed
) documents are
by USGS prior to :
. archived,
annual hearing :
) published, and
Measured between December and public !
: : made available to
and March with USGS comment period :
the public
approved methods

Groundwater Network

» Strong collaboration with local well owners, municipalities, MUDs,
PUDs, SUDs

» Chicot and Evangeline aquifers are hydraulically connected:
withdrawals from one aquifer can affect heads in the other

* Number of wells used to construct 2020 contours:
e Chicot (173)
» Evangeline (326)
o Jasper (112)
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2020 Gulf Coast Water-Level Altitude Map Series

AStory Map
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2020 Gulf Coast Water-Level Altitude Map Series

AStory Map
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Water-Level Change 2019 to 2020
Chicot Aquifer

1 year changes (158 points);

~3% > 10 foot rises (5)

L[+

~27% 1 to 10 foot rises (42)
~27% no change (42)

~41% 1 to 10 foot declines (65)
~3% > 10 foot declines (4)

Chicot 2019 to 2020
DIFF1920
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2020 Gulf Coast Water-Level Altitude Map Series
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Chicot Aquifer Iy
Syear changes (143 points); —

~9% > 10 foot rises (13) =

~57% 1 10 10 foot rises (81)
~10% no change (14)

~18% 1 to 10 foot declines (26)
~6% > 10 foot declines (9)
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DIFF1520
@ 11t0321tRise
O 1t 10ftRise
@® o
© 1t 10t Decline
@ 111029 ftDecline
Number of features.

=157
Msp dats © Openstresthiap contributors CC-Bv:sA (A

Chicot
1 year (2019 - 2020) changes in ft

21 to 30 ft Rise

11 to 20 ft Rise

1to 10 ft Rise

0 ft

110 10 ft Decline

11 to 20 ft Decline

0.0%

10.0%

20.0%

30.0% 40.0%

158 measurements




5/28/2020

Chicot
5 year (2015 - 2020) changes in ft

31 to 50 ft Rise

21 to 30 ft Rise

11 to 20 ft Rise

1to 10 ft Rise

0ft

110 10 ft Decline

11 to 20 ft Decline

21 to 30 ft Decline

0% 20% 40%

143 measurements

2020 Gulf Coast Water-Level Altitude Map Series
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Chicot 1990 - 2020 Water-Level
Altitude Change

Contour Interval 20 feet

Range: -140 to 80

Water-level altitude changes range from
152 ft of decline to 94 ft of rise

HGSD1-HGSD2-HGSD 3
FBA-FBB-Al

Chicot 1990 to 2020 Well Points.

.

Chicot 1990 to 2020 Contours
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2020 Gulf Coast Water-Level Altitude Map Series
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Chicot 1990 - 2020 Water-Level
Altitude Change

Contour Interval 20 feet

Range: -140 to 80

Water-level altitude changes range from
152 ft of decline to 94 ft of rise
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I
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Chicot 1990 to 2020 Well Points.

Chicot 1990 to 2020 Contours
DIFF2020
— 50 ft Rise
= 60 fi Rise
—— 20and 40 ft Rise
-—0

20 ft Decline
= 40 and 60 ft Decline
= 30 ft Decline
=100 and 120 ft Decline

—— 140 ft Decline

2020 Gulf Coast Water-Level Altitude Map Series
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1977 - 2020 Chicot water-level
altitude change

Contour Interval: 20 feet

Range: -120 to 200

Water-level altitude changes range from
128 ft of decline to 203 ft of rise

HGSD 1- HGSD 2 - HGSD 3
I
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Chicot 1977 to 2020 Well Points.

Chicot 1977 to 2020 Contours
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2020 Gulf Coast Water-Level Altitude Map Series
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1977 - 2020 Chicot water-level
altitude change

Contour Interval: 20 feet

Range: -120 to 200

Water-level altitude changes range from
128 ft of decline to 203 ft of rise
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Chicot 1977 to 2020 Well Points.
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2020 Gulf Coast Water-Level Altitude Map Series

P @SS @S E W e

2020 Evangeline Water-Level
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2020 Gulf Coast Water-Level Altitude Map Series
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Water-Level Change 2019 to 2020
Evangeline Aquifer

1year changes (290):

~13% > 10 foot rises (37)

~16% 1 to 10 foot rises (45)

nEn

~4% no change (13)
~49% 1 to 10 foot declines (142)
~18% > 10 foot declines (53)
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2020 Gulf Coast Water-Level Altitude Map Series
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Water-Level Change 2015 to 2020
Evangeline Aquifer

5year changes (268)

~18% > 10 foot rises (50)

nEn

~27% 1 to 10 foot rises (73)
~3% no change (7)

~24% 1 to 10 foot declines (63)
~28% > 10 foot declines (75)
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Evangeline
1 year (2018 - 2020) changes in ft
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2020 Gulf Coast Water-Level Altitude Map Series
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2020 Gulf Coast Water-Level Altitude Map Series
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2020 Gulf Coast Water-Level Altitude Map Series
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2020 Gulf Coast Water-Level Altitude Map Series
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Jasper
5 year (2015 - 2020) changes in ft
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Summary: Groundwater levels

Summary: Groundwater levels (cont.)




Mechanism of Compaction and Method of Measurement

5/28/2020

7] Permanentdecrease in land-surface Shaht ancodar and analog
elevation caused by irreversible R
| inelastic deformation e
ncrota-siab
F i ic surface BRx6R10inx10in.
Piars composad of concrete
and stael reinforcing bars.
Original Noat coment grout
aquifer &l o
:i:ﬂ::‘s ff‘ST T After long-term and sustained groundwater .
it and clay withdrawals, the resulting i exanding from 1 1t above land
i . o & . 1t lans
prior to aquifer sediments is concentrated in the e
gr-:;:: dwn?r fine-grained silt and clay layers
. s Slip-joint intarval 511-513R
dismater: 2375in, axtonding
;1 from 1.5 ftabove land sutace
£ cantacting plug at 2831 &
g
H -t ol .0-1.00 8
Magnified view E
g aquifar sadimants
g
Granular silt and clay Rearranged and compacted
skeleton defining fluid- || aranular 5"_‘ and clay
filled interstitial pore skeleton with reduced
spaces that store porosity and groundwater- Rt
groundwater storage capacity
Comont plug
ZUSGS e |
28090
3000

2020 Gulf Coast Water-Level Altitude Map Series

1234567!9|0||1213141516171192021?2.247526272!

Cumulative compaction values in feet

(1 [2[+)

- Addicks - 3.750

- Baytown Deep - 1.100

- Baytown Shallow - 0.910
« Clear Lake Deep - 0.704

» Clear Lake Shallow - 0.678
» East End - 1.350

- Johnson SC - 2.570

- Lake Houston - 0.629

Lake Houston

0.629 ft
- Northeast - 0.976
- Pasadena - 0.463
° SEEET e 1D Addicks Northeast
. Southwest - 1.710 37508t © o976it © Baytown Deep
- Texas City - 0.094 Cinco MUD Southwest 1.099 ft
. Cinco MUD - -0.006 -0.006 ft © 1714 O Pasadena a%‘;{]‘g';S“a"OW
ast End
Chicot Compaction Monitors 13491t
1.560 ft
@ Seabrook
0.704 ft
Chicot and Evangeline Compaction Monitors %@ar ?ake Shallow
0,678 ft
@
Q'exas City
0.094 ft

17



5/28/2020

2020 Gulf Coast Water-Level Altitude Map Series
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5 Year Compaction Data
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Summary: Compaction
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