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Motivation

o Modeling of subsurface processes is limited by
the availability of time-sensitive high resolution
maps of subsurface architecture.

o Knowledge of subsurface layering combined with
EMI mapping can give a more thorough picture of
the subsurface for hydrological modeling.

Objective

o Demonstrate the utility of EMI sounding for
determination of layering in a soil profile.



Electromagnetic Induction (EMI)
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EMI Sensor Characteristics
Operating frequency: 9 kHz
Depth Of Exploration (DOE): V-V 1.5 m

V-H 0.6 m

eAlternating current
passing through the
transmitter coil

produces a primary
magnetic field (Hp).

eThe primary
magnetic field induces
small alternating
currents creating a
secondary magnetic
field (Hs) which
induces a small
alternating current in
the receiver coil.
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Layered Farth System
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0, , 3 — bulk conductivities of layers 1,2,3,
0, - bulk conductivity of uniform earth
R(Z, ,3) - cumulative response at Z, , 5




EMI Mapping

EMI instruments are gaining wider use

due to:
enon-destructive nature
erapid response
ecase of integration into a mobile
platform

GPS Unit

Factors influencing EC, measurements

include:
¢soil salinity water content
epoOrosity bulk density

eclay content mineralogy EMI Sled



Study Area

Greenville Farm ECe, 0, and Soil Horizons
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Protfile TDR Setup

2 m deep profile

Two sets of 11 probes
Long (30 cm) probes in grass pasture

Short (15 cm) probes in bare soil

i

Probe Location:

Every 5 cm from 0.05 to 0.25 m
Every 10 cm from 0.25 to 0.45 m
Then at 0.65, 1, 1.5 and 2.0 m

We measured: 8,, EC,, Temperature



EMI Sounding/Directed Sampling

DUALEM-1S

connected to Allegro CX handheld
computer

2 m away from TDR sensors

V-V and V-H measurements taken
every 15 cm from ground up to 1.8 m

A background conductivity check at
2.1 m

A sprinkler system used to water the
pasture - 5 cm of water applied

Measurements taken 30 minutes
after application and every day

Soil samples taken(0-0.7m) for 8,



Water Content EC, Response (V-V)
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Water Content EC, Response (V-H)
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W-4 Uniform Earth Model
W-H Uniform Earth Model
W33 Laver Model

YW-H 3 Laver Model
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Hydrology Application

Reynolds Creek Experimental Watershed
240 km2 semi-arid mountainous
watershed Located in southwestern
Idaho.

“Google”

Pointer 43° 04'08.65"N 116 45'38.45'W elev 6706 ft Stre ng | \HI 100% Eye alt 9425 ft

Working on the 36 ha Reynolds
Mountain East sub-watershed

Elevation Range: 2012 -2141 m

From, Seyfried et al. 2000




Data Analysis

eAn Electrical conductivity Statistical Analysis Package — ESAP - was
used to obtain soil samples from 20 points.

eThe 20 soil samples were analyzed in the lab for:
e\/olumetric moisture content
eParticle size analysis (for clay content)
eElectrical conductivity of the saturation paste extract (EC,)

oESAP was used to estimate the theoretical strength of correlation
between EC, and EC,, clay percentage and soil moisture content.

EC, EC, Clay %
EC, 0.92
Clay % 0.94 0.83

Vol H,0 0.54 0.55 0.23
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Stream Network - Clay Percentage
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Summary

oEMI vertical sounding is useful for subsurface layer
characterization using directed sampling of water content,
EC,. and texture.

oEMI spatial mapping combined with vertical sounding and
directed sampling provides a valuable tool for modeling
watershed hydrological processes.

Future Work

eUse TDR setup to get continuous soil water content, EC,
and temperature information for better modeling of bulk
layer conductivity.

eCombine automated sounding with EMI mapping for high
resolution spatial subsurface characterization.



Terrain Analysis using GIS

o 10m-DEM
o Terrain Analysis using Hydrology tool in the

Spatial Analyst toolbox in ArcGIS 9.1
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