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Keeps Gelting Bigger

Lone Star State Metro Areas Lead U.S. in Population Gain

Numeric Population Change

from July 1, 2014 to July 1, 2015
Houston, TX NG 159,083
Dallas-Fort Worth, TX NG 144,704
Atlanta, GA 95,431
Phoenix, AZ 87,988
New York, NY-NJ-PA 87,186
Los Angeles, CA 85,671
Miami, FL 75,231
Washington, DC-VA-MD-WV 63,793
Seattle, WA 60,714
Orlando, FL 60,409
San Francisco-Oakland, CA 60,152
Denver, CO 58,474
Tampa-St. Petersburg, FL 57,412
Austin, TX INNENEGE 57,395
San Antonio, TX IIIEIEE 51,285
Riverside-San Bernardino, CA 50,444
Charlotte, NC-SC 47,186
Las Vegas, NV 45,655
Portland, (_)R-WA 40,621
Nashville, TN 36,435

United States \L% Depariment o Comumeree Source: Vintage 2015 Population Estimates

Census Economics and Statistics Administration Some metro area titles have been abbreviated.

U.S. CENSUS BUREAU Metro areas are delineated by the Office of
— B e 3u census.gov

Management and Budget as of February 2013.
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Projected water supply and demand

(Bell and Williamson Counties)
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* Considering municipal, electric power, and mining sectors (TWDB, 2017)



Surface and Ground Water Sources




Aquifer Storage and Recovery (ASR)
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What is ASR?

Water reguiation and
early ASR projects in
Texas

.

Current ASR projects in

Comparing ASR with
surface reservoirs

LI N

Recent legislation
( Protecting stored water
) from other pumpers

7 ASR with treated
wastewater

]

ASR in Florida

—

Numiber 84-8

This report provides a
introduction to ASR in Texas,
including a brief history of ASR projects |
\ and a review of the regulatory structure
\I}m/ has evolved around the
technology

Addressing water needs using
aquifer storage and recovery

Accordng to state water planners. Luge volumes of water storage wall be
needed to achseve cost-efective, sustumble. and reable water supplies to meet
proected fisure demands for Texas. Water storage traditionally has involved
bealdmg new surface water seservos. ofien by damening nvers and syeams

bt pobicymakers increasingly are looking 10 another method known as aqifes
storage and secovery (ASR) ASR involves collecting drinking water dunng wet
periods and storing it undesground 20 aqusfer through a0 injection well from
whach it can be dawn for use dunng persods of peak demand

Whle surface reservours contime 1o feature proinently m the 2017

state water plan, adopted m May by the Texas Water Development Boasd
(TWDB), zuany consader ASR 10 be more resistant than reservous 1o loss of
water throush evaporabon. the expemse of obtazmng Lnd for a reservom. and
destruction of wildife habitat and private peoperty. A! the same time, some 3y 3
peincipal challenge to widespread implemesting of ASR is 3 legal and regulatory
framework for water policy that is pot well adapsed to this sechnology

A few Texas mumcipalities have employed ASR for 2 mumber of years
According to the state water plan. by 2070 the volime of water avaslable i Texas
through ASR is propected 1o be 152,000 acre-feet per year. more than mple the
amount estizased i the 2012 plan.

Thss report provides an mtroduction 10 ASR = Texas, mcluding a Lstoey
. OFASR projects and a review of the regalatory strucnuee that hus
cvolved around the technology. mcludmg enactment of 2 new
\| state baw m 2015, It also examines uses for ASR. questions
| about the degree fo which if could replace tradisonal
| sbovegzound reservoirs. and some remainmg challenges to
/it widespread inrglensentation

Y

Texas Water Development Board
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Modeling: A tool for answering questions
"Z'ﬂ | L i 9

e
-
-—

:

, = ” i
o' 4 o 3 i % — e
SRS KW IR IR , “
iy _'
-! . Sl
3 a - .
DA o S

| =
i ol

U. S. Army Corp of Engineers, Water Research Laboratory, Vicksburg, MS



Runoff (mm)

Modeling: A tool for answering questions
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Soil and Water Analysis Tool (SWAT)

 USDA/ARS Hydrology model
« Computes hydrology and water quality
« Considers land management practices

TR-406

SOIL & WATER
ASSESSMENT TOOL

Hydrologic Balance

Evaporation and [HEK. VAV A
U H Precipitation
Pl 1711 ¢
i VAV VA
i VAV AV AV A
: /7 77 7
/7 77 7/
Yy s

/Il'l

Root Zone

' Surface Runoff
Infiltration/plant uptake/ Soil
Vadose

moisture redistribution \
Lateral Flow
(unsaturated) =

Shallow Revap from Percolation to

(unconfined) shallow aquifer shallow aquifer
Aquifer

Return Flow

Confining Layer

Deep (confined)
Aquifer Rechargeto

deep aquifer

Flow out of watershed
€

Theoretical Documentation
Version 2009




Surface Water: Peeking into the future

e e s * Precipitation
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Surface water models

* Water quantity
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Probabilistic terms



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://blogs.esri.com/esri/arcgis/tag/soil/feed/&ei=IxR3VZ3mAYTesAXYlIGQBQ&bvm=bv.95039771,d.aWw&psig=AFQjCNEd1vzlTe8KX20aGERDWPHe1Jr5vA&ust=1433953691954734

Research using

hydrologic assessment

calibration, sensitivity, and/or uncertainty araiysis
pollutant cyling/loss and transport
none

climate change

nutrient cycling and transport

model comparison

sediment loss and transport

model interface

BMP evaluation

input effects

land use effects

impoundment and/or wetland effects
crop growth/yield or plant parameters

economic assessment

GIS interface, GIS utility, or other type of interface/utility

groundwater and/or soil water impacts
climate data effects

snowmelt and/or glacier melt processes

200 300 400 500 600 700

Total Occurrences




|s ASR feasible for Bell County?

* Will there be enough surface water available to apply ASR?

e Given projected growth and water demands
* Given local historical weather and stream flows

@ace water modeling can answer this question, D

* Will our local aquifer characteristics support ASR?

confining layer

Image courtesy of Texas Water Development Board




ASR Feasibility: Can We Make it Work?

PART 2 — Groundwater Considerations
Gretchen Miller, Associate Professor
Zachry Department of Civil Engineering
Texas A&M University

ENGINEERING
TEXAS A&M UNIVERSITY



Is ASR the right technique?
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What makes an aquifer good for ASR*?

1: Transmissivity 50,000 - 80,000 gpd/ft  <8,000, >40,000 gpd/ft
2: Gradient and Direction Natural gradients only  Strong artificial
gradients present
3: Recharge Water Quality Chloride <50 mg/L >200 mg/L
TDS <100 mg/L >450 mg/L
4: Native Water Quality Chloride <400 mg/L >6000 mg/L
TDS <700 mg/L >10,000 mg/L
5: Plugging Potential Total Iron <0.3 mg/L >1 mg/L
Diss. Oxygen <1.5 mg/L >3 mg/L
7: Interfering Uses Well Proximity >5 mi <0.25 mi
Source Prox. >1 mi <0.25 mi
7: Aquitard Leakance <1.2x107d? >1.2 x 106 d!

*One example assessment. Not written in (lime)stone.

From Maliva and Missimer (2010) Aquifer Storage and Recovery and Managed Aquifer Recharge Using Wells:
Planning, Hydrogeology, Design, and Operation. Example from Florida ASR study conducted by CH2M Hill



How do locations compare for ASR?
Gulf Coast Example

(b) Transmissivity (fP/d) Hydraulic Gradient ~ Well Density (weIIs/miz) Depth to Aquifer (ft) Depth to Groundwater (ft)
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Smith et al. (2017). Assessing aquifer storage and recovery feasibility in the Gulf Coastal Plains of
Texas, Journal of Hydrology: Regional Studies, doi:10.1016/j.ejrh.2017.10.007. (Open access)



Point data
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Interpolate, rasterize
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Raster data

\ 4

GAM transmissivity

TWDB Groundwater Database

Classify / rank values
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How do locations compare for ASR?

s High : 100

s Low: 4
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Smith et al. (2017). Assessing aquifer storage and recovery feasibility in the Gulf Coastal Plains of
Texas, Journal of Hydrology: Regional Studies, doi:10.1016/j.ejrh.2017.10.007. (Open access)
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Can we recover quality water?
SAWS Example
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Can we recover quality water?

2014 2023

103 e "~ - . .
/£ fraction of injected water

1000 m

Smith et al. (in prep). Estimating the Performance of a Large, Multi-Well Aquifer Storage
and Recovery System Using Transport Modeling, for Submission to Ground Water.



Can we recover quality water?
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Smith et al. (in prep). Estimating the Performance of a Large, Multi-Well Aquifer Storage
and Recovery System Using Transport Modeling, for Submission to Ground Water.



What about Bell County?

Upper Trinity (Glen Rose) Middle Trinity (Hensell) Lower Trinity (Hosston)

Rosebud|

Clearwa ter UWCD , N 2 1 15 Clearwater UNCD
— —

B 12.000 - 14,000
I 2,000 - 4,000 8,000-10,000 [N 14,000 - 16,000
4,000-6,000 || 10,000 - 12,000

1: Transmissivity 50,000 - 80,000 gpd/ft <8,000 or >40,000 gpd/ft

6,000 - 8,000

Maps from LBG Guyton



What about Bell County?
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What about Bell County?

Oklahoma Total Dissolved Solids
ﬂ 1 1 (milligrams per liter)
LA G rfmmr*"'"*"'m“\ Il Hosston Aquifer
% M*@-‘“ﬁi < 250 © 1001 - 1500
8 'o.\ 251 - 500 o 1501 - 3000
¥ ﬁ}fw ] dead 501-1000 e > 3000

lg iLOuiSiana
o :/:/% ® I
o000 o & I
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o) L, \
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Chloride Concentration
{milligrams per liter)

Hosston Aquifer

% ?xz o <20 o 251-500
28 > ‘} e 21-50 o 501 -1000
Coastal plain fluvial - ﬂ' o 51-100 e 1001 - 2000
o —— 4 o 101-250 e >2000
L Y g
" ies e
4: Native Water Quality Chloride <400 mg/L >6000 mg/L
DS <700 mg/L >10,000 mg/L

Maps from N. Trinity and Woodbine GAM Report, Intera (2014)



Questions?

June Wolfe TEXAS o
https://blackland.tamu.edu/wsl/ |/ A LIFE

) RESEARCH
jwolfe@brc.tamus.edu

254.774.6016

Gretchen Miller

http://gmillertamu.edu ENGINEERING

gretchen.r.miller@tamu.edu e
979.862.2581
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