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Topics for the next hour

A Hydrogeologic setting of the Hueco and Mesilla Bolsons
A Electrical resistivity surveys for groundwater delineation
A Gravity surveys for groundwater delineation

A Seismic imaging of water pathways

A Future opportunities and challenges
A Time for questions
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EXPLANATION
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The aquifer mostly in glacia

; y is combined with 2 Rush Springs aquifer 45 Blaine aquifer
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. : o Central Oklahoma aquifer Arbuckle—Simpson aquifer
Basin and Range basinfill aquifers :
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Paciic Northwest basin-fill aquifers St ate S
Pennsylvanian aquifers T Floridan aquifer system

Columbsa Plateau basin-fill aquifers

Snake River Plain basin-fill aquifers Marshall aguifer Biscayne aquifer

Puget Sound aquifer system Cambrian-Ordovician aquifer system New York and New England carbonate-rock aquifers
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Central Valley aquiter system
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Mississippi Rver Valley alluvial aguifer | 38 Edwards-Trinity aquifer system II.';!TE_ | Southern Nevada volcanic-rock aquifers

Seymour aguifer W’ Valley and Ridge aquifers ~ Carhonate-rock 88 Pacitic Northwest basaltic-rock acuifers
= o2 = aquifers are patterned
Surficial aquifer systen 59 | Snake River Plain basaltic-rock aquifers

- Mississippian aquifers

Unconsolidated-deposit aquifers (Alaska) - Columbia Plateau basalticrock aquifers

- Paleozoic aquifers
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Southeastern Coastal Plain aguifer syster aquifers

Northemn Atlantic Coastal Plain aquifer system science for a ghﬂngfng world




Texas aquifers

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

JThese aquifers are a

t : for Texas, supplying 62 percent of the 13.7
b ' ' 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
Pecos Valley £ i alone (72 percent of all groundwater used for
B seymour o irrigation, or 4.6 million acre -feet per year).
B ot awtoos oron About 36 percent of water used to meet
[ Cartizo - Wiloox (s ubcrop) y munici pal demands i s f
B ueco - Mesilla Bolsons

Ogallala

Edwards - Trinity Flate au {outcrop)
Edwards - Trinity Plateau(zubcrop)
- Edwards BFZ (outcrop)

Edwards BFZ (zubcrop)

Trinity (outcrop)
Trinity (zubcrop)

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

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

Semi-arid climate with limited freshwater
resources

Precipitation: ~25 cm/yr

Potential Evapotranspiration: >200 cm/yr

Over 2,000,000 people living in our region
Agriculture water use: Rio Grande (90%;
Ellis et al. 1993) and regional groundwater

(10%)

Municipal water use: dominated by
regional groundwater



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

Alamosa Basin and diverSionS, netWOI’kS Of

Irrigation canals and drains

Rio Grande

in CO,NM,and X _ vy .
‘ li-.’spanola A 193,000 acres agricultural lands along the
Qﬁanta Fe Rio Grande in New Mexico and West
Texas.
Alluvial basins
Alb :
— v £ e eine A Average normal release of water is about
Irrigation areaslr' [ E 790,000 acre-feet per year (60,000 acre -
-7 feet per year to Mexico).
Elephant Eiutteu-‘
Reservoir _ . _ Elephant Butte
e-._&qrc Pon T or C, Caballo A ~900 million m 3 water per year from Rio
'o,-;‘j_-. ' ; Palomas Basin
: Grande

A ~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

Salinity of the Rio Grande water

Upstream Rio Grande - Taos area Elephant Butte Reservoir
(Northern New Mexico) (Central New Mexico)

TDS > 250 mg/L
EC >0.6 mS/cm Agriculture Drain
— (El Paso area)

%\l;;‘-: = .
Downstream Rio Grande
(El Paso area)
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- TDS <100 mg/L : =
¥ EC <0.200 mS/cm o e
South of El Paso
TDS > 1500 - 2500 mg/L
EC>25-4.5mS/cm

DS - total dissolved solids in water
C - electric conductivity

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

(Data from Ania Szynkiewicz, U of Tenn.)



Salinity In surface and groundwater

Irrigation with high salinity water has led
to significant salt loading to solls 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 etal., 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?

Evaporation alone could not account for the increased total salinity.

. | i Solutes released from
|| Alluvial basin deposits - - - - Fault Chem ical Weathering

Water flow paths

¢ 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
WAEE) THE UNIVERSITY OF TECAS AT EL PASD major tributaries to Rio Grande




Groundwater inputs through wastewater treatment

@ Rio Grande
B Tributary
Y7 WWTP Effluent

Red River
_ _ _ _ _ _ Albuguerque WWTP

Rio Salado

Springs and
echarge zones'

SQO,/Cl (molar ratio)

| | Santa Fe

ST WWTP

400 500 600 700
Distance from headwaters (km)
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Las Cruces WWTP

Groundwater in |
Mesilla Valley’

El Paso WWTP

Municipalities use local
groundwater (low SO4/CI)

Added to the Rio Grande
by wastewater treatment
plants (WWTPSs)

Increasing groundwater
contribution downstream



Aquifers of El Paso

Legend

New Mexico

¥ Major Cities
— Highways

Rivers

Jornada del Muerto

Mesilla Basin

Tularosa

Hueco Bolson

West Texas Bolson

lgneous

| Big Bend Y Edwards-Trinity

National F:;r-t;




Summary of aquifers around El Paso

Aquifer (Basin)

Surface drainage
area (km?)

Groundwater
s’mrage

(billion m®)f

Annual recharge

(million m?) Climate

Aquifer
type

Aquifer material

Jornada del

Muerto

Rincon Valley,
Mesilla Basin
(major
aquifer)]

Hueco Bolson-
Tularosa basin
(major
aquifer)
Southeastern
Hueco Bolson

West Texas
bolsons§
(minor
aquifers)

Igneous aquifer
(minor
aquifer)

Edwards-Trinity
aquifer (major

aquifer)|

8,660

3,720 (Rincon)
& 28,500
(Mesilla)

10,800 (67% in
NM; 22% in
TX and 11%
in MX)
Southeastem
Hueco 2,150
(61% in TX
and 39% in
MX)

4,920 (Presidio-
Redford)

21,200

12,150

123 (A)

123 (A) (Wilson
et al. 1981) in
US portion of
Mesilla Basin

10 (C)
(Tularosa),
11.6 (B) (El
Paso, TX) 10.5
(B) (MX)

85 (A) (US)

58 (A)

133 (A)

47 Semi-arid

5.6 (Rincon) 16 Semi-arid
& 25-120

(river seepage)

7 (Hueco) & 40.7
(Rio Grande

alluvium) 52—
107 (Tularosa)

Sub-tropical

arid

Sub-tropical

Sub-tropical
arid/sub-

tropical

steppe

Unconfined &
confined

Unconfined &
confined

Unconfined
with
localized
confinement

Unconfined

Unconfined

Unconfined &
confined

Basin fill
(gravel, sand,
silt and clay)

Rio Grande
alluvium
deposits &
basin fill

Basin fill
sediments
(sands, silt
and day) Rio
Grande
alluvium (140
ft in MX to
170 in US)

Basin fill & Rio
Grande

alluvium

Igneous

Limestone &
dolomite
(Edwards
group) and
sands (Trinity)




Summary of water uses around El Paso

Aquifer (Basin)

Jornada del Muerto

Rincon Valley, Mesilla Basin

(major aquifer)]

Hueco Bolson-Tularosa basin

(major aquifer)
Southeastern Hueco Bolson

Water rights¥
NM state
NM and TX states;
MX federal

NM and TX states;
MX federal

TX state; MX federal

Populations served

Part of Las Cruces, &
rural, NM

1/4 of population in El
Paso, TX & 97,375 1in
Las Cruces,& rural, NM

3/4 of population (649,121)
in El Paso & 1,328,017

n Juarez, MX

22 545

Water uses (million m?)

18.5

26.7 in 2005 (EI Paso,
Municipal) 108 NM
(Municipal and
agricultural)

49 in 2005 (El Paso Water
Utilities) 42 (others in El
"aso) 185 (Juarez) 43.5
n 1995, NM

West Texas bolsons§ (minor aquifers)
[gneous aquifer (minor aquifer)
Edwards-Trinity aquifer (major aquifer)¥|

TX state 11,500 :
TX state 6,147

3.7
v
v
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Conceptual hydrogeologic framework for (parts of)
Mesilla and Hueco Bolson

Hudspeth

A _ Franklin
Mesilla Bolson Mountains Hueco Bolson

6,000 :l y Rio Grande
3,000 ==
Sea level —

-
5
g
@
w

Quaternary and Tertiary _
basin-fill deposits I Pennsylvanian strata

I Tertiary intrusive rocks [l Mississippian and Devonian strata
[ Cretaceous strata I Silurian and Ordovician strata
Collins and Raney, 2000 [ Permian strata B Precambrian strata




Recharge pathways in semi  -arid basins

Basin-Floor A Mountain system recharge
arge A Alluvial aquifer recharge
A Ephemeral channel
S recharge
“Ephemeral A Diffuse recharge

/ Channel

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

Significant component of
recharge in many semi -arid
basins.

NP THE UNIVERSITY OF TEXAS AT EL PASO



Mountain block recharge (MBR) and mountain
front recharge (MFR) e
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Groundwater storage within rocks,
fractures




geophysics to | ook Db

Using geophysics to determine

local hydrology is typically

consi dered part o
geophysicst or 3Je
geophysi csi

Near-Surface Second SR
X An lnt! auCt
Applied to Applied  ».
Geophysics and Environmental .
Geophysics

MARK E. EVERETTY

I John M. Reynolds

Camvnrsnos WWILEY-BLACKWELL




Constraining EarthAs subsu

observations

Geophysical techniques measure physical phenomena:
Electrical resistivity imaging

Elastic waves (seismic refraction)

Electromagnetic (EM) ground conductivity
Ground-penetrating radar (GPR)

Gravity

Magnetics

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

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO
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Constraining EarthAs subsu
observations

APassiveo methods measure naturally oc
Gravity
Magnetic field

Seismic arrivals (earthquakes, elastic waves from noise)

ARnActiveo methods transmit a signal and
Seismic arrival (explosion, air gun in water)

Electrical current

Electromagnetic waves (e.g., GPR)

NP THE UNIVERSITY OF TEXAS AT EL PASO



Applications of geophysics for hydrology

A Detection of contaminants

A Mapping groundwater; Characterize groundwater flow in fractured rock
A Track salt water intrusions in porous media

A Remedial work with water supply, monitoring

A Example: tracking salt water using resistivity

<N

5 km
-0.2 0.2 0.6 1 1.4 1.8 2.2

Resistivity, log10(ohm-m)

Salt water Fresher water




Electrical resistivity for groundwater delineation

M.S. Student: Jose Cabral (advised by Dr. Hugo Gutierrez and Dr. Lin Ma)
Location: Tornillo, Texas pecan orchard

Goals:
A Derive water depth, aquifer structure, lithology variation, salinity.




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.

NGB THE UNIVERSITY OF TEXAS AT EL PASD



What affects resistivity?

A Different rocks or other materials conduct electricity better and hold charge
longer

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

AR I s resistance from OhmAs | aw (V=R(YU,

A Resistivity njis inverse of conductivity ( a )conductivity has units of Siemens or
millisiemens

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

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

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

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO



What affects resistivity?

RESISTIVITY (i m)

(AN | 100 10 000 100 000
MASSIVE SULFIDES

IGNEOUS AND - UNWEATHERED ROCKS

.GRAPHITE‘ ' METAMQRPHIC ROCKS

(IGNEQUS ROCKS: MA FELSIC) MOTTLED DURICRUST

' AR ZQNE
SAPROLITE { R :

i WEATHERED LAYER

. (METAMORPH

CLAYS EL AND SAND
o A %

-
o5

GLACIAL SEDIMENTS

} ‘ | SEDIMENTARY ROCKS
J

e . . Ny
| LIGNITE, COAL DOLOMITE, LIMESTONE

|
PERMAFROST

E s SRR SRR e QOROONN
""" " UUD &

SALT WATE

F annnns

3 WATER, AQUIFERS

10 ©00 100 0.01
CONDUGCTIVITY (mS/m)

“ig. 6.1 Typical ranges of electrical resistivities of earth materials. Note the large differences
‘1 resistivities between unweathered and weathered rocks and also between water and
-Tozen ground. (After Palacky, 1987))




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).

NP THE UNIVERSITY OF TEXAS AT EL PASO



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.

Usi ng OhmAs | aw, the voltage can be co
the two potential electrodes.

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO



Basics of resistivity instrument

garih masisliancs
e lar will: aphap
conbmal meachile L el

Apparent resistivity, p. = 2raR

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

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO

SCHLUMBERGER

POLE-DIPOLE

G a €2
(e)

DIPOLE-DIPOLE

Fig. 6.4 Commonly used electrode arrays in resistivity and induced polarization surveys.
C,,C,and P, P, denote the positions of the current and potential electrodes. For the
gradient and symmetrical Schlumberger arrays, it is common to use symbols A, B for the
current electrodes and M, N for the potential electrodes.




Uses for electrical resistivity

A Example electrical resistivity sections

Elevation lteration 8 Abs. error=18.3%

1140 00

] 120 T_:
Chemical plume

Fluids (groundwater)

1040

Saline intrusions

1000

A
A
A
A Chemical
A
A
A

Locate dike, fault
contamination
Sinkholes, caves

La n d S I i d es E|ev1a1t4u5n y Iteration 8 Abs. error=18 3o
archeology

1100
1080
1060

1040

Aquifer

1020

1000 Resistivity in ohm.m

NG THE UNIVERSITY OF TEXAS AT EL PASD ey




Electrical resistivity at the Tornillo Pecan Orchard

Inverted Resistivity Section lteration =6 RMS =3.33% L2=0.98 Electrode Spacing =4 m

Summary

A Water table at ~3 -4 meters.

A Water and soils are salty.

A Pecan tree water uptake reflected
by higher resistivity (less water).

A Soill clay layers

“ig. 6.1 Typical ranges of electrical resistivities of earth materials. Note the large differences
NGIER| THE UNIVERSITY OF TEXAS AT EL PASD b St el e
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Gravity surveys for groundwater delineation

-106°20' -106°15' -106°10' -106°5' 9 -105°50' -105°45' -105°40'

Ph.D. Student: Miriam Garcia

Location: Southern Hueco
Bolson, Rio Grande River
region

Goals:

A Identify density contrasts in the
subsurface relevant to
groundwater

A Identify physical structure and
lithologies present in the aquifer

A Identify changes in groundwater
levels through time

Chihuahua

-106°30' -106°25'

t — 2 Hueco Bolson Faults Gravity stations

L

SR THE UNIVERSITY OF TEXAS AT EL PASOD pnposeiiiprdie

International Border




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

Just a theory.




Gravity surveys for groundwater delineation
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Fluid movement
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D200
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Gravitational force

F=G (m; m,)/(rd) r
Where G Is universal gravitational constant, m is mass, r

IS distance between masses, r Is vector pointing from m;,
towards m,

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

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

Acceleration due to EarthAs gravity 1Is

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO



Acceleration due to gravity depends on density

Table 13-1—Continued
Table 13-1 BULK DENSITY OF SEDIMENTARY ROCKS e

Table 13-1—Continued

Formation

Mount Simon

Southern Potsdam
Northern Potsdam
8t. Peter

Bradford
Chemung Formation '
Bereg

Atoka Formation '
(and others) l

Bartlesville sand
Bunter
Keuper
Woodbine sand
Sandstones and
siltstones
Sandstones
Sandstones

Cambrian

Cambrian
Cambrian
Ordovician

Devonian

Devanian
Mississippian

Pemsylvanian

Pennaylyvanian
Trinssio
Triassic
Cretaceous
Cretaceons

Cretaceous
Miocenc

Saturated
bulk density
(average),
g/em?

Depth of
sample,
Locality fi

Sandstone

West, Virginia, l
Wood Coun ty
Wisconsin I

13,005-13, 065

Wiacongin
Arkansas,
Ozark Plateay
Pennsylvaniy l ~B00 -~2300
Pennsylvapia
Ohio, West,
Virginia
Arkansas:
Ozark Plateay
Arkansas
Valley
Ounchita Mts,
Oklahoma 1570-2680 I
Great Britain ) 1
Great, Britain
Texas '
Montana,
eastern
Wyoming
Switzerland

~1700-~2300
0-2160

2436-3701

0-3187

Formation

Depth of
sample,
Age Locality ft

Saturated
bulk density
(average),
g/em!?

Oolites

Limestones

Glen Rose limestone

Chalk

Limestone

Green River
Formalion
{marlstone)

Limestone, Dolomite, Chalk, and Marble—Continued

Great Britain
Switzerland
Texas

Great Britain
Switzerland
Colorado

Jurassic
Jurassie
Cretaceous
Cretaceous
Cretaceous
Eocene

SO O o
H S

NIQNNF\?}O

W oo

Shale

Shales

Shele, nenrly
horizontal and
undisturbed

Shale, Claystone, and Slate

1000
3000
5000

Pennaylvanian Oklzhoma

Wyoming,
Montana
Venezucla

|
Cretaceous

~600
~2500
~3500
~6100
~T7850

Oligocene and
Miocene

Sand, Clay, Gravel, Alluvium, and Soils

Formalion

' Locality

Depth of
sumple,
It

Saturated
baalls d.EJ:l.uit:r
favernge),
&/ em?

Miscellaneous

Marble

E.A,, Great
Britain

BEOURCE:
Mem. 97, 1068,

* Aesumed grain density, g/em?,

G. Edward Manger, in “Handbook of Physieal Constants"| rev. e

o Genl, oo, Am,

! Density computed from measured porasity.

Cape May Pleistocene New Jersey
Formation (sand)
Loess soil

Fine sand

Limcsl.nne, Dolomite, Chalk, and Marble

I ————, T T

Idaho
California

Quaternary

Llienburger Group
(limestone anq
dolomite)

Beckmantown
Gronp (dolomite)

Black River
limestone

Niagara dolomite

Limestone

Mar]

Ordovician

Ordovician
Ordoviciun
Silurian
Csrbux_\ifu:mus

Carboniferous

Texss, Llano
County

West Virginia,
Wood County

Ontario

Wisconsin

Great, Britain,
Midlands

| Russia

Very fine sand

Sand-silt-clay

Mud

Silt

Newly deposited
material

Soft mud

Quaternary

Quaternery
Quaternary
Quaternary

Quaternary

Hudson River
Hudgon River
Mississippi
River delts
Clyde Sea

50 It below river

0-2.5
em in
mud

22.5-25 em
in mud




Acceleration due to gravity depends on density

Tahle 13-2 AVERAGE DENSITIES OF HOLOCRYSTALLINE 1GN

EOUS ROCKS

Granite
Granodiorite
Byenite

Guartz diorite
Diorite

MNorite

Gabben, including olivine Eabbrn
Dinbase, fresh
Peridotite, fresh
Dunige*

Py roxenite
Anorthosite

Number of
samples

Mean
density, gfem?!

Range of
density, gfom?

155
11
2
21
13
11
27
40

3
15
A
13

FNiliT)
2.714
2,757
2. 806
2.839
2,054
2.076
2.065
3.234
3,277
4.231
2,714

2.316-2, 809
2,668-2_ 785
2.630-2. 509
2. 8802, 060
2,721-2. 960
2.720-3.020
2.800—3. 120
2.804-3.110
3,152-3.276
3.2M-3.314
3.10 -3.518
2,6840-2,920

souvRcE: R, A, Daly, in “Handhool: of Physical Constants”, rev. ed,, Geol,

¥ From Bivel, J, Geophye. few, vol, 63, p. 1083, 1960,

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO

so, Am, Mem. 97, 1964,

Tuble 13-3 AVERAGE DENSITIES OF METAMORPIIC ROCKS

Rock

MNumber of
samples

Mean
density, gfom?

Range of
density, gfom?

Gneisa, Chester, Vermont

Gramite gneiss, Hohe Touern,
Austria

Umelss, Grenville, Adirondeck
Mts., New York

Oligoalase gneizs, Middle Haddam
ares, Conneeticut

LHuarts-mica sohists, Littleton
Formation, Mew Hampshive
[high-grade metamorphism)

Museovite-biotite sehist, Middle
Haddam area, Connectiout

Staurolite-garnel and biotite-
muscovite achists, Middle
Ieddam area, Conncetiout

Chlorite-sericite echiste, Vermont

Slate, Treonie sequence, Vermont

Amphibolite, Mew Iampshire nnd
Vermont

Granulile, Lapland:
Hyperathene-hearing
Hy perathene-free

Enlogite

2.93
2.73
3.582

2.70 -2.906

2.87 ~4.10
2,63 -2 86
3.3358-3. 462

sovRcE: Sydney P, Clock, Jr., in “Handbook of Physieal Conztanta, vev, ed., Geal, Soe. Adm,

Afem, 97, 1966,




How does a gravity meter work?
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Example I LaCoste-Romberg Gravity Meter (also Burris)

NGIER] THE UNIVERSITY OF TEXAS AT EL PASO



Gravity surveys for groundwater delineation in Hueco Bolson

NP THE UNIVERSITY OF TEXAS AT EL PASO



