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10. Abstract

The 2017 Texas state water plan projects total supply deficits of 8.9 million acre-feet under
drought-of-record conditions by the year 2070 driven by growing population concurrent with
declining available supplies. Reductions in groundwater supply account for 95% of anticipated
declines in total water supply (TWDB 2016). Some studies have shown that overly restrictive



groundwater management plans are creating a regulation-induced shortage of groundwater in
Texas, given the significant groundwater storage volumes that exist here. However, estimates of
groundwater recoverability do not account for many of the physical and none of the economic
constraints. We propose to develop a framework for sustainable groundwater extraction that
estimates recoverability and yields for major Texas aquifers by combining publicly available
aquifer characteristics and economic constraints associated with domestics and agricultural uses.
Two key limitations will simulate recoverability: (1) the value of water pumped relative to
pumping costs, and (2) the capacity of the aquifer and well to meet demand. Preliminary results
indicate that sustainable groundwater recoverability depends strongly on how groundwater is being
used, constraining availability to as little as 1% of current estimates. We suggest that Texas
groundwater managers, stakeholders, and policymakers assessing groundwater availability need
an alternate approach for estimating recoverability.

11. Budget Breakdown

See Attachment A.

12. Budget Justification

See Attachment B.

13. Statement of Regional or State Water Problem

Understanding the vulnerability of groundwater resources from both a management and policy
perspective is the key research priority to be addressed.

The 2017 Texas state water plan projects total supply deficits of 4.8 and 8.9 million acre-feet under
drought-of-record conditions by the year 2020 and 2070 (TWDB 2016), respectively, driven by a
growing population concurrent with declining available water supplies. Reductions in groundwater
supply account for 95% of declines in total water supply (TWDB 2016) considered by the plan.

However, Texas’ best current estimates of potentially available groundwater volumes, Total
Estimated Recoverable Storage (“TERS”) produced by the Texas Water Development Board,
indicate that massive volumes of groundwater could be available to satisfy projected supply
deficits. For example, the Carrizo-Wilcox Aquifer and the Gulf Coast Aquifer store over 5 billion
and 4 billion acre-feet of water, respectively (Thompson et al. 2020). This has led some researchers
to conclude that the current Texas groundwater management approach is reverse-engineered,
creating a “regulation-induced [groundwater] shortage” (Brady et al. 2016, pg. 2). Unfortunately,
TERS estimates are calculated as an arbitrary 25% and 75% constraint on total storage and do not
account for many of the physical and none of the economic limitations to recoverability.

Groundwater conservation districts (“GCD(s)”) would particularly benefit from improved
groundwater availability estimates and have expressed a strong interest in this research. GCDs are
the primary entities responsible for establishing the limits to Texas groundwater production in the
form of desired future conditions (“DFCs”), which are most frequently expressed as a change in
depth-to-water over time. GCDs must consider hydrologic conditions, socioeconomic impacts, and



the impact on the interests and rights in private property when establishing DFCs (TWC Title 2
Subtitle E Chapter 36 §108(d)) but many lack the resources to develop such data for themselves.

14. Statement of Results or Benefits

The end result of this research will be an analytical approach that accounts for both the physical
ability of the aquifer to yield groundwater, and the economic realities of how the water is being
used. The outcomes will include standalone tools, underpinned by technical and economic
information, that GCDs could use to assess sustainable groundwater recoverability for local
conditions and uses as they consider site specific conditions and constraints. Similarly, agricultural
irrigators and domestic groundwater pumpers could employ these tools to anticipate changes in
recoverability with changes in depth-to-water. Finally, Texas policymakers could use the outcomes
as information to revise or supplement the Texas Water Code with these or similar methods to
more fully capture the physical and economic impacts and limitations to groundwater availability.

15. Nature, Scope, Objectives, and Timeline of the Project

Groundwater availability represents a complex nexus of hydrology, economics, and policy. We
propose to improve the information available to Texas groundwater managers, stakeholders, and
policymakers by quantifying the changes in groundwater recoverability with changes in depth-to-
water using a combination of hydrologic and economic analytical solutions. We will accomplish
this by simulating constrained and optimized groundwater recoverability, actual yields, and the
economics of yields for domestic and agricultural users. The study will also consider demographics
of these user groups, thus adding important socioeconomic considerations that will help us
understand how groundwater recoverability and policies impact different communities. The
approach requires us to merge data from numerous sources, including the Texas Water
Development Board, U.S. Geological Survey, U.S. Census Bureau, and others.

We hypothesize that in shallow and unconfined settings the capacity of the aquifer and well to
satisfy demand, and not economic constraints, will limit recoverability. We hypothesize the
opposite will be true in deep and confined settings, economic constraints will limit recoverability
before capacity constraints occur. Our preliminary results support these theories and suggest some
agricultural users may be limited to maximum yields as little as 1% of current TERS estimates.

These funds would support ongoing research. This dissertation project is subdivided into three
main phases: (1) Theory and Motivation, (2) Development and Data Generation, and (3) Synthesis
and Application. The research project was launched in the Fall of 2018. The first phase, detailing
the policy and legal context and drivers for the work as well as the principal approach, has been
completed and a related publication (Thompson et al. 2020) appears in the Texas Water Journal as
of December 2020. In the second phase, we develop the methods for numerically simulating
groundwater recoverability using economic constraints and related data sets. This portion of the
dissertation was begun in the late Summer of 2020 and is expected to conclude with a publication
submission in the Spring of 2021. In the third phase, we synthesize groundwater recoverability
data simulated in the second phase with socioeconomic data sets and economic yield optimization
solutions. The goal is to begin this phase in Spring of 2021 and complete it with a publication
submission either in late Summer or Fall of 2021.



16. Methods, Procedures, and Facilities

We will accomplish our objectives and test our hypotheses by numerically simulating groundwater
recoverability using Python. In this approach two key factors will limit recoverability:

Physical Constraints — Aquifers are not bottomless, and therefore a certain amount of saturated
thickness or potentiometric head must be reserved from production to accommodate the well
screen interval and drawdown under pumping observed at the well. Failure to account for these
factors may results in over-pumping, which significantly reduces efficiency and may damage the
well. Therefore, at a certain depth-to-water, the aquifer and well can no longer satisfy demand, this
is known as the “demand-capacity limit” to yields. To minimize the impact of the demand-capacity
limit, we optimize the screen interval based on demanded pumping rates and pumping drawdown.
The framework is being developed using the Theis (1935) solution and, where appropriate, we
account for the impacts of partially penetrating wells using the Hantush (1961) drawdown solution.
Drawdown solutions generated here will be validated against results generated by commercial
software Aqtesolv from HydroSOLVE Inc. (license acquired). The pumping range ultimately
reserved from production is the sum of drawdown, well losses (Jacob 1947, Walton 1962), and
well screen interval.

Economic Constraints — The economic value of water is determined for (1) agricultural uses from
publicly available crop values and irrigation rates, (2) domestic uses from water affordability based
on household income (EPA 2002). Net value is then calculated by subtracting recovery costs from
value obtained through water use, yielding a maximum limit to economical recoverability for
agricultural and domestic uses, which occurs where net value equals zero or the affordability
threshold (2.5% of income) is reached, respectively. Recovery costs are calculated from two
components: (1) lifting costs and (2) fixed costs. Lifting costs are the energy costs of pumping the
water to land surface and are directly related to depth-to-water and drawdown. Here we use the
drawdown and well loss solutions described above to calculate comprehensive lifting costs at each
minute of pumping for maximum accuracy. Fixed costs include drilling costs, related to aquifer
characteristics and well screen interval, and pump power supply costs, both amortized over the life
of the well. Ultimately, we will be able to estimate the limits to economic recoverability and
quantify the changes in such at all possible depths-to-water.

17. Related Research

A research project by Gailey et al. (2019) in California bears many similarities and several
important dissimilarities to this research project.

Similarities — Gailey et al. (2019) also seek to address the impacts of increasing depth-to-water
upon groundwater availability for domestic users. Similar to this research, the relationship between
depth-to-water and the performance of the well is evaluated. Particular attention is paid to the point
where wells can no longer satisfy demand and interventions are required. The economics of
lowering pumps, well rehabilitation, well replacement, and increased lift energy are described.



Dissimilarities — First and foremost, the regulatory environment and management objectives of
groundwater in California differ substantially from those in Texas. Texas groundwater is managed
at the local level by GCDs and is a vested private property right whereas groundwater in California
is managed and owned by the state. Furthermore, the Gailey et al. (2019) study considers only
domestic uses, agricultural uses are not included. Finally, the Gailey et al. (2019) study
approximates well production using specific capacity and increased lift energy as a constant value
whereas this study scientifically quantifies well production capacity and lifting energy costs using
analytical solutions.

18. Training Potential

One graduate student, PhD candidate Justin C. Thompson, will receive training in the project.
Another master’s level graduate student or an undergraduate student may also receive training in
the project as necessary.

19. Investigator’s Qualifications

See Attachment D.
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Attachment A-BUDGET BREAKDOWN

Cost Category Federal Non-Federal Total
1. Salaries and Wages $ $ $
- Principal Investigator(s)
- Graduate Student(s) 3,497 3,31002 6,80702
- Undergraduate Student(s)
- Others
Total Salaries and Wages
2. Fringe Benefits
- Principal Investigator(s)
- Graduate Studeni(s) 1,053 996.32 2,049.32
- Undergraduate Student(s)
- Others
Total Fringe Benefits
3. Tuition
- Graduate Student(s)
5,723 5,723
- Undergraduate Student(s)
Total Tuition
4, Supplies
5. Equipment
6. Services or Consultants
7. Travel
8. Other direct costs (computer fees) 450 450
8. Total direct costs 5,000 10,029.34 15,029.34
10a. Indirect costs on federal share XXXXXXXX
XXXXXXXX
10b. Indirect costs on non-federal share XXXXXXXX
XXXXXXXX
11. Total estimated costs $ $ $
5,000 10,029.34 15,029.34
Total Costs at Campus of the University on which the Institute or Center
is located.
$ 5,000 $10,029.34 $15,029.34
Total Costs at other University Campus
Name of University: $ $ $




Attachment B - BUDGET JUSTIFICATION

Salaries and Wages for Pls. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual.

No salary is requested for PI

Salaries and Wages for Graduate Students. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual. (Other
forms of compensation paid as or in lieu of wages to students performing necessary work are allowable provided that the other payments are reasonable
compensation for the work performed and are conditioned explicitly upon the performance of necessary work. Also, note that tuition has its own category below
and that health insurance, if provided, is to be included under fringe benefits.)

Funds will be used entirely for student wages. Salary rates are based on currently approved salaries for FY21
and are derived from University approved pay plans for the job categories. Salary rates used in the budget are
annual salaries, plus longevity pay for those employees who receive it, divided by 12 (months). (Federal Funds:
$3,497 at 1.5003 mos. effort. Matching funds at 1.42 mos. effort: $3,310.02)

Salaries and Wages for Undergraduate Students. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual.
(Other forms of compensation paid as or in lieu of wages to students performing necessary work are allowable provided that the other payments are reasonable
compensation for the work performed and are conditioned explicitly upon the performance of necessary work. Also, note that tuition has its own category below and
that health insurance, if provided, is to be included under fringe benefits.)

N/A

Salaries and Wages for Others. Provide personnel, title/position, estimated hours and the rate of compensation proposed for each individual.

N/A

Fringe Benefits for Pls. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. . Note: include health insurance
here, if applicable.

No fringe benefits are requested for Pl

Fringe Benefits for Graduate Students. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. Note: include
health insurance here, if applicable.

The University’s fringe rates are negotiated with its cognizant agency (DHHS) and are part of the University’s
F&A Cost Rate Agreement. Fringe will be charged at the applicable rate at the time the cost is incurred. The

fringe rate for fiscal year 2021 is 30.1% (Federal Funds: $1,053 and Matching Funds: 996.32)

Fringe Benefits for Undergraduate Students. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. Note:
include health insurance here, if applicable

N/A

Fringe Benefits for Others. Provide the overall fringe benefit rate applicable to each category of employee proposed in the project. . Note: include health
insurance here, if applicable.

N/A

Tuition for Graduate Students.

Tuition of $5,723 Matching Funds

Tuition for Undergraduate Students

N/A

Supplies. Indicate separately the amounts proposed for office, laboratory, computing, and field supplies. Provide a breakdown of the supplies in each category.

N/A

Equipment. Identify non-expendable personal property having a useful life of more than one (1) year and an acquisition cost of more than $5,000 per unit. If
fabrication of equipment is proposed, list parts and materials required for each, and show costs separately from the other items. A detailed breakdown is required.

N/A

Services or Consultants. Identify the specific tasks for which these services, consultants, or subcontracts would be used. Provide a detailed breakdown of the
services or consultants to include personnel, time, salary, supplies, travel, etc.

Travel. Provide purpose and estimated costs for all travel. A breakdown should be provided to include location, number of personnel, number of days, per diem
rate, lodging rate, mileage and mileage rate, airfare (whatever is applicable).

N/A



https://research.utexas.edu/osp/resources/fa-memo/

Other Direct Costs. Itemize costs not included elsewhere, including publication costs. Costs for services and consultants should be included and justified under
“Services or Consultants (above). Please provide a breakdown for costs listed under this category.

Researchers utilize existing computer systems that include a variety of Windows NT and LINUX
workstations, UNIX workstations, mass storage devices, printers and plotters. Separate rates approved by the
University are charged for connect time, processing time, and printing. PC usage is based on fixed monthly
rates of $300/month, approved by the University business office. Computer charges in the budget were
[computed by the total funded personnel effort months multiplied by $300 per month. (Federal Funds: $450)

Indirect Costs. Provide negotiated indirect (“Facilities and Administration™) cost rate.

N/A

Attachment C — Focus Categories used herein are highlighted in yellow

ACID DEPOSITION ACD
AGRICULTURE AG
CLIMATOLOGICAL PROCESSES CP
CONSERVATION Cov
DROUGHT DROU
ECOLOGY ECL
ECONOMICS ECON
EDUCATION EDU
FLOODS FL
GEOMORPOLOGICAL PROCESSES GEOMOR
GEOCHEMICAL PROCESSES GEOCHE
GROUNDWATER GW
HYDROGEOCHEMISTRY HYDGEO
HYDROLOGY HYDROL
INVASIVE SPECIES INV
IRRIGATION IG

LAW, INSTITUTIONS, AND POLICY LIP
MANAGEMENT AND PLANNING M&P
METHODS MET
MODELS MOD
NITRATE CONTAMINATION NC

NON POINT POLLUTION NPP
NUTRIENTS NU
RADIOACTIVE SUBSTANCES RAD
RECREATION REC
SEDIMENTS SED
SOLUTE TRANSPORT ST
SURFACE WATER SW
TOXIC SUBSTANCES TS
TREATMENT TRT
WASTEWATER WW
WATER QUALITY WQL




WATER QUANTITY WQN
WATER SUPPLY WS
WATER USE wu
WETLANDS WL



Attachment D — Resume of Principal Investigator(s)

Bureau of Economic Geology, Jackson School of Geosciences Tel: 512-475-8830
The University of Texas at Austin Fax: 512-471-0120
University Station, Box X email: michael.young@beg.utexas.edu
Austin, TX 78713-8924 web: http://www.beg.utexas.edu/people/michael-young

Education and Training

Univ. of Arizona Soil and Water Science (Soil Physics/Hydro) Ph.D 1995
Ohio University Geological Sciences (Hydrogeology) M.S. 1985
Hartwick College Geology B.A. (Hons.) 1983

Research and Professional Experience

e Senior Research Scientist, BEG, UT-Austin (2010-present); Associate Director for
Environmental Research (2010-2020). Current research areas include energy/water issues,
soil-based processes in arid environments, water resources, and landscape processes.

e Research Professor (Assistant — Full), DRI (2000-2010). Led externally funded research
program in multiple areas of soil science and vadose zone hydrology, including near-surface
water and energy balances, ecohydrology, soil development and measurement technologies,
including weighing lysimetry. Operated lab for soil hydraulic and physical properties.

e Senior Research Scientist, Georgia Institute of Technology, Atlanta, GA (1998-2000).
Principal Investigator to support low-level radioactive waste disposal program at Savannah
River Site, including field design for monitoring instrument deployment, numerical analysis
of water movement and contaminant transport, and developing database management system
for data archiving and analysis.

e Research (Senior) Specialist, University of Arizona, Tucson, AZ (1990-1998). Duties
included management of soil physics laboratory; design, construction, and operation of large
weighing lysimeters and field infiltration experiments; student training.

e Hydrogeologist, U.S. Nuclear Regulatory Commission, Washington, DC (1986 — 1988).
Duties included managing site characterization and licensing activities for low-level
radioactive waste sites in Nevada, and uranium mill tailings disposal sites across the western
United States; project manager on research contracts to DOE National labs.

Selected publications since 2017 (of 90 total peer reviewed; * indicates student author)

*Thompson, J., R. Kreitler, M.H. Young. 2020. Exploring Groundwater Recoverability in Texas:
Maximum Economically Recoverable Storage. Texas Water Journal. Vol 11, n. 1. 152-
171.

*Gearon, J.H. and M.H. Young. 2020. Geomorphic Controls on Shrub Canopy Volume and
Spacing of Creosote Bush in Northern Mojave Desert, USA. Landscape Ecol.
doi:10.1007/s10980-020-01149-8.

Abolt, C.J., M.H. Young, A.L. Atchley, D.R. Harp, and E.T. Coon. 2020. Thawing ice wedges in
the high Arctic stabilized by geomorphic feedbacks. J. Geophys Res: Earth Surface. 125,
€2019JF005349. doi.org/10.1029/2019JF005349.

*Abolt, C.J., M.H. Young. 2020. High-resolution mapping of spatial heterogeneity in ice wedge
polygon geomorphology near Prudhoe Bay, Alaska. Nature Sci. Data. v. 7, no. 87
doi.org/10.1038/s41597-020-0423-9.
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Fatichi, S., D. Or, R. Walko, H. Vereecken, M.H. Young, T. Ghezzehei, T. Hengl, S. Kollet, N.
Agam, R. Avissar. 2020. Soil Structure — An Important Omission in Earth System
Models. Nature Communications. v.11, no 522. doi.org/10.1038/s41467-020-14411-z

Weintraub, S., A.N. Flores, W.R. Wieder, D. Sihi, C. Cagnarini, D.R.P. Gongalves, M.H. Young,
L. Li, Y. Olshansky, R. Baatz, P.L. Sullivan, P. M. Groffman. 2019. Leveraging
environmental research and observation networks to advance soil carbon science. J.
Geophys. Res.: Biogeosciences. 124. https://doi.org/10.1029/2018JG00495.

*Abolt, C.J., M.H. Young, A. Atchley, and C. Wilson. 2019. Rapid machine learning-based
extraction and measurement of ice wedge polygons in airborne lidar data. The
Cryosphere. https://doi.org/10.5194/tc-13-237-2019.

*Abolt, C.J., M.H. Young, A. Atchley, and D. Harp. 2018. Microtopographic control on the
ground thermal regime in ice wedge polygons. The Cryosphere. 12:1957-1968.
doi.org/10.5194/tc-12-1957-2018.

Baatz, R, Sullivan, P.R., Li, L., Weintraub, S.R., Loescher H.W., Mirtl, M., Groffman, P.M.,
Young, M. H., and others, 2018, Steering operational synergies in terrestrial observation
networks: opportunity for advancing Earth system dynamics modelling: Earth System
Dynamics, 9:593-609, http://doi.org/10.5194/esd-9-593-2018.

*Abolt, C.J., M.H. Young. T.G. Caldwell. 2017. Numerical modeling of ice-wedge polygon
geomorphic transition. Perma. and Periglacial Processes. 28:347-355. doi:
10.1002/ppp.1909.

Synergistic Activities

Integration and Transfer of Knowledge — Dr. Young has integrated his knowledge of soil
science, geology and water systems into technical disciplines of arid-zone hydrology, Arctic sol
processes, soil geomorphology and water resources, within applied areas of waste management,
energy extraction, and land use change. He has transferred his knowledge though teaching at the
graduate level in Vadose Zone Hydrology and in Ecohydrology of Arid Lands at University of
Texas at Austin and University Nevada Las Vegas, and through interactions with numerous
graduate students at UT Austin, UNLV, University of Nevada Reno, and Georgia Tech.

(i)  Committee Assignments in the Scientific Community — Elected as Technical Chair of
SSSA Division S-1 (2010-2011); Technical Committee Chair, CSREES, W-1188 (2002 — 2003);
Technical Committee Chair, Vadose Zone Committee, AGU (2002 — 2004; member since 1998);
Member Technical Committee on Soil and Critical Zone Processes (AGU; since 2011); SSSA
Kirkham Award Chair (2007); and SSSA S-1 Early Career Award Chair (2008, member from
2006-2008); Joint Technical Program Committee (GSA, 2013 — 2016); Lead Soil and Soil
Processes 11G (GSA, 2014 — 2016), SSSA S-1 Mentoring Committee Chair (2015-2017), was co-
founder and inaugural co-Director of the International Soil Modeling Consortium. He has
chaired or co-chaired more than 20 special symposia/sessions at national scholarly meetings.

(iii)  Editorial Activities — Editor of Vadose Zone Journal (2013-2015); co-Editor of VZJ
from 2009-2012, and Associate Editor of VZJ (2002-2009) and SSSAJ (2009-2010). He
continues serving the scientific community as a manuscript reviewer for many other journals,
and as a proposal reviewer for NSF, BARD, IALC and other foundations and organizations.
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