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Hydrogeophysics  and groundwater in far West Texas



Topics for the next hour

ÅHydrogeologic setting of the Hueco and Mesilla Bolsons

ÅElectrical resistivity surveys for groundwater delineation

ÅGravity surveys for groundwater delineation

ÅSeismic imaging of water pathways

ÅFuture opportunities and challenges  

ÅTime for questions        
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Texas aquifers

https:// www.twdb.texas.gov /groundwater/aquifer/ index.asp

The Texas Water Development Board (TWDB) 
recognizes 9 Major aquifers and 22 minor 
aquifers.

ɈThese aquifers are a critical source of water 
for Texas, supplying 62 percent of the 13.7 
million acre -feet of water used in the state in 
2014. About 76 percent of this water is used 
for irrigation, with irrigators withdrawing 
most of this water from the Ogallala Aquifer 
alone (72 percent of all groundwater used for 
irrigation, or 4.6 million acre -feet per year). 
About 36 percent of water used to meet 
municipal demands is from groundwater.ɉ



Rio Grande watershed

Å The 5th longest river in US (1900 miles)
ÅMiddle/Lower Rio Grande region 

Å Semi-arid climate with limited freshwater 
resources

Å Precipitation: ~25 cm/yr
Å Potential Evapotranspiration: >200 cm/yr

Å Over 2,000,000 people living in our region

Å Agriculture water use: Rio Grande (90%; 
Ellis et al. 1993) and regional groundwater 
(10%)

ÅMunicipal water use: dominated by 
regional groundwater



Human impacts on hydrologic cycles 
and water flows: reservoirs, dams 

and diversions, networks of 
irrigation canals and drains

Å 193,000 acres agricultural lands along the 
Rio Grande in New Mexico and West 
Texas.

Å Average normal release of water is about 
790,000 acre-feet per year (60,000 acre -
feet per year to Mexico).  

Å ~900 million m 3 water per year from Rio 
Grande

Å ~490 million m 3 water withdrawn  from 
regional aquifers for water use in cities 
such as Las Cruces, El Paso, Cd. Juarez.



Salinity in surface and groundwater

(Data from Ania Szynkiewicz, U of Tenn.)

High saline groundwater (TDS 
>>2000 mg/L) commonly 
found in regional aquifers, 
interlayered with potable 
potable low salinity 
groundwater. 



Salinity in surface and groundwater

Irrigation with high salinity water has led 
to significant salt loading to soils and 
severe reductions in crop productivity.

Numerous hydrological, 
geochemical, isotopic, 
statistical, remote -sensing 
studies for the sources and 
impacts of salinity in Rio 
Grande surface and 
groundwater

Selection of references:

Lippincott, 1939; Haney and Bendixen, 1953; 
Wilcox, 1957; Allison et al., 1990; Ellis et al., 1993; 
Moore and Anderholm, 2002; Phillips et al., 2003; 

Witcher et al., 2004; Hogan et al., 2007; Moore et 
al., 2008; Szynkiewicz et al., 2011; 2015a, 2015b; 
Williams et al., 2013.Sheng, 2013; Hargrove et al., 

2013; Langman et al., 2010; 2013; Liu and Sheng, 
2012; Pepin et al., 2015; Abudu et al., 2012; 
Atkinson, 2012; Nickerson, 2005; Heywood and 

Yager, 2003; Druhan et al., 2008; Eastoe et al., 2008



Salinity sources in Rio Grande waters?

¡ Solutes released from 

chemical weathering

¢ Upwelling of deep saline 

groundwater
(e.g. Moore and Anderholm, 2002; Phillips et al., 

2003; Hogan et al., 2007; Williams et al. 2013)

£ Displacement of shallow 

groundwater by irrigation water 

and extensive use of fertilizers 
(Wilcox, 1957; Szynkiewicz et al., 2011)

¤ Waste effluents become 

major tributaries to Rio Grande

Evaporation alone could not account for the increased total salinity.



Groundwater inputs through wastewater treatment

Municipalities use local 

groundwater (low SO4/Cl)

Added to the Rio Grande 

by wastewater treatment 

plants (WWTPs)

Increasing groundwater 

contribution downstream



Aquifers of El Paso



Summary of aquifers around El Paso



Summary of water uses around El Paso



Conceptual hydrogeologic framework for (parts of) 
Mesilla and Hueco Bolson

Collins and Raney, 2000



Recharge pathways in semi -arid basins

ÅMountain system recharge
ÅAlluvial aquifer recharge
ÅEphemeral channel 

recharge
ÅDiffuse recharge

Mountains are source region 
for 50% of rivers on Earth.

Significant component of 
recharge in many semi -arid 
basins.



Mountain block recharge (MBR) and mountain 
front recharge (MFR)

Groundwater storage within rocks, 
fractures



Using geophysics to look beneath EarthɅs surface

Using geophysics to determine 
local hydrology is typically 
considered part of Ɉnear surface 
geophysicsɉ or Ɉenvironmental 
geophysicsɉ.



Geophysical techniques measure physical phenomena:
Å Electrical resistivity imaging
Å Elastic waves (seismic refraction)
Å Electromagnetic (EM) ground conductivity
Å Ground-penetrating radar (GPR)
Å Gravity
Å Magnetics

These phenomena are sensitive to subsurface physical properties:
Å Resistivity
Å Seismic wave velocity and density
Å Conductance/ inductance/ permittivity
Å Dielectric properties of the subsurface (electromagnetic waves)
Å Density
Å Magnetic susceptibility

Constraining EarthɅs subsurface using surface 
observations



ñPassiveò methods measure naturally occurring phenomena:

Gravity

Magnetic field

Seismic arrivals (earthquakes, elastic waves from noise)

ñActiveò methods transmit a signal and record what comes back:

Seismic arrival (explosion, air gun in water)

Electrical current

Electromagnetic waves (e.g., GPR)

Constraining EarthɅs subsurface using surface 
observations



Applications of geophysics for hydrology

ÅDetection of contaminants
ÅMapping groundwater; Characterize groundwater flow in fractured rock
ÅTrack salt water intrusions in porous media
ÅRemedial work with water supply, monitoring

ÅExample: tracking salt water using resistivity



Electrical resistivity for groundwater delineation

Goals: 
ÅDerive water depth, aquifer structure, lithology variation, salinity.

M.S. Student: Jose Cabral (advised by Dr. Hugo Gutierrez and Dr. Lin Ma)

Location: Tornillo, Texas pecan orchard



Electrical resistivity for groundwater delineation
What does it measure?

Flow of current through the ground

Ability of ground to hold charge

Why?

Different kinds of earth materials conduct electricity better and hold 
charge longer.



What affects resistivity?
Å Different rocks or other materials conduct electricity better and hold charge 

longer

Å ǌ = resistivity = R A / l,  R=resistance, A=area, l=length; Note: resistivity has 
units of ohm -m, normalized (gets around parallel versus series of earth 
materials) 

Å R is resistance from OhmɅs law (V=Rϥ, voltage = resistance*current)

Å Resistivity ǌ is inverse of conductivity ( ǎ), conductivity has units of Siemens or 
millisiemens

Å Good conductors in Earth include: ore mineral grains, fluids, clays, salt water

Å Resistivity of materials is extremely variable, varies with fluids, porosity, grain 
size, fractures

Å Generally saline water 0.1 -1 ohm -m, fresh water 10 -100 ohm -m, frozen 
ground even higher



What affects resistivity?



Resistivity depth of penetration, resolution

Depth of penetration is ~s/5, where s is electrode spacing.

Different types of arrays (Wenner, Schlumberger, Gradient, Dipole -dipole, 
pole -dipole) are good for different applications (e.g., dip of structures, 
how homogenous is subsurface, coupling noise, etc). 



Basics of resistivity instrument
Induce an electric current into the subsurface using two metal stakes 
(called electrodes) planted in the ground

Current passing through the ground sets up a distribution of electrical 
potential of the subsurface. The difference in electrical potential between 
two additional electrodes is measured as a voltage. 

Using OhmɅs law, the voltage can be converted into a resistance between 
the two potential electrodes.



Basics of resistivity instrument

C1, C2, A, B denote current electrodes
P1, P2, M, N denote potential electrodes



Uses for electrical resistivity

Å Locate dike, fault
Å Chemical plume
Å Fluids (groundwater)
Å Saline intrusions
Å Chemical 

contamination
Å Sinkholes, caves
Å Landslides
Å archeology

Example electrical resistivity sections



Electrical resistivity at the Tornillo Pecan Orchard

Summary
ÅWater table at ~3 -4 meters.
ÅWater and soils are salty.
Å Pecan tree water uptake reflected 

by higher resistivity (less water).
Å Soil/ clay layers



Gravity surveys for groundwater delineation

Goals: 
Å Identify density contrasts in the 

subsurface relevant to 
groundwater

Å Identify physical structure and 
lithologies present in the aquifer

Å Identify changes in groundwater 
levels through time

Ph.D. Student: Miriam Garcia

Location: Southern Hueco 
Bolson, Rio Grande River 
region



Gravity surveys for groundwater delineation

What does the gravity method measure?

Gravitational attraction of the Earth

Why?

Tells us about density distribution in the Earth 



Gravity surveys for groundwater delineation

Å Depth to basement

Å Location of faults

Å Contacts between rock units

Å Structure of basement

Å Caves, voids

Å Fluid movement

Avila et al., 2016

Controls on density:

Å Rock matrix

Å Pore space or fractures

Å Density of fluid in pore 
space



Gravitational force

F= G (m1 m2)/(r
2) r

Where G is universal gravitational constant, m is mass, r 

is distance between masses, r is vector pointing from m1 

towards m2

In geophysics, for acceleration due to gravity, we usually use milliGals  (mGals) 
(1/1000 Gal) or even microGals  (10-6 gals) (ǇGals), sometimes we use gravity 
units ( g.u.)

1 g.u. = 0.1 mGal
1 m/s 2 = 100000 mGals

Acceleration due to EarthɅs gravity is ~976 to 983 Gals



Acceleration due to gravity depends on density



Acceleration due to gravity depends on density



How does a gravity meter work?

Example ï LaCoste-Romberg Gravity Meter (also Burris)



Gravity surveys for groundwater delineation in Hueco Bolson


