OJT Training Module Cover Sheet

Title: 809 How to conduct an EMI investigation.

Type: o Skill X Knowledge

Performance Objective: Trainee will be able to:
¢ Plan an EMI investigation taking into account the objectives and physical and
chemical soil properties present.
o Understand the differences between horizontal and vertical dipole modes and
select the proper mode for the investigation.
Design the investigation based on information needed and constraints of the site.
o Complete groundtruthing adequate for the information needed.

e Understand the effects of interferences that may be present at any given site and
be able to adapt to them.

Target Proficiency:
O Awareness X Understanding 0 Perform w/ Supervision
O Apply Independently 0 Proficiency, can teach others

Trainer Preparation:
e Trainer should be familiar with the assigned reading/review material in the lesson
plan that follows.
Must be knowledgeable about EMI systems and theory.
o Have local EMI investigation reports available for use as examples, or have
future project in mind that may benefit from an EMI investigation.

Special Requirements:
Initiate an external learning request with a SF-182 in Aglearn for this activity. Instructions
and a template are located on the training webpages for OJT modules.

Prerequisite Modules:
None

Notes:
None

Authors:
Rachel Stout Evans
Marc Crouch
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Shawn McVey




The Five-Step OJT Cycle for Declarative Training

(Knowledge)

Cycle Step 5 Cycle Step 1
Trainer/Trainee Trainer/Trainee

debrief establish shared
mental model

Trainer
and
Trainee

Cycle Step 4 Cycle Step 2

Trainer observe Trainee
Trainee perform reviews
task and provides materials
feedback provided

Cycle Step 3
Trainer and Trainee

discuss information



OJT Module Lesson

Title: 809 How to conduct an EMI investigation.

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY
Trainer and trainee review objectives of module.
Cycle step 1
Trainer and trainee read or review the attached:
Cycle step 2 e How to Conduct an EMI Investigation.pdf
Trainer leads the following discussions:
Cycle step 3

1. Planning the investigation

¢ Obijectives of the investigation

e Physical and chemical soil property, soil
moisture, and soil geomorphology influence
on planning an investigation

¢ Archaeological objectives and how they
influence planning an investigation

2. Depth of soil penetration

e When to use either or both of horizontal and
vertical dipole modes.

3. Designing the field survey

e Grids
e Line spacing
e Land cover and land use influences

4. Ground truthing EMI
results

e Applying to observed patterns
e Utilizing geo-referenced points for
observation

5. Dealing with Interferences

e Electrical interference
e Cultural noise
e Conductivity anomalies

Cycle step 4

Trainer should provide an existing local EMI
investigation plan (and report) or if not available,
reference a future MLRA project that may benefit
from an EMI investigation. Review the example and
ask the trainee to plan an investigation addressing all
points discussed in Cycle step 3.

Cycle step 5

Trainer can debrief trainee and address any
concerns.




OJT Module Lesson Measurement of Learning

Title: 809 How to conduct an EMI investigation.

WHAT

WHY, WHEN, WHERE, HOW, SAFETY, QUALITY

Trainee’s learning is measured.

ASAP, have the trainee develop a plan for a
scheduled EMI investigation.

SF-182

Trainee and/or supervisor access Aglearn to verify completion of the module via its

SF-182.




	SF-182


How to Conduct an EMI Investigation
Conducting an EMI Investigation in the field includes planning of the investigation

(purpose or objective, and size and area of site investigating), collecting the EMI data,

and ground-truthing the results of the processed EMI data.

Plan of Investigation

What is Electromagnetic Induction (EMI)?

“Electromagnetic induction is a noninvasive geophysical tool that is used for high
intensity surveys and detailed site assessments. Advantages of EMI are its portability,
speed of operation, flexible observation depths, and moderate resolution of subsurface
features. Results of EMI surveys are interpretable in the field. This geophysical method
can provide in a relatively short time the large number of observations that are needed
to comprehensively cover sites. Maps prepared from correctly interpreted EMI data
provide the basis for characterizing site conditions, planning further investigations, and
locating sampling or monitoring sites. Electromagnetic induction uses electromagnetic
energy to measure the apparent conductivity (ECa) of earthen materials. Current flow is
induced into the soil. This induced current flow is proportional to the electrical
conductivity of the conducting body (ECa) for a given strength of EM field. The current
flow creates a secondary electromagnetic field, the strength of which is proportional of
the current flow, and hence, to ECa. ECa may be inferred from the magnitude of the
induced secondary EM field generated upon imposition of a primary EM field on the
conductor (soil) (Corwin and Rhoades, 1990) (Tuttle, What is EMI; 2013).

“Apparent conductivity is a weighted, average conductivity measurement for a column of
earthen materials to a specific depth (Greenhouse and Slaine, 1983). Variations in
apparent conductivity are caused by changes in the electrical conductivity of earthen
materials. Electrical conductivity is influenced by the volumetric water content, phase of
the soil water, temperature, type and concentration of ions in solution, and amount and
type of clays in the soil matrix (McNeill, 1980). Apparent conductivity is principally a
measure of the combined interaction of the soil's soluble salt content, clay content and





mineralogy, and water content. The apparent conductivity of soils increases with
increased soluble salts, clay, and water contents (Kachanoski et al., 1988; Rhoades et
al., 1976). In any soil-landscape, variations in one or more of these factors may
dominate the EMI response” (Tuttle, What is EMI; 2013).

Purpose/Objective of Survey
“Electromagnetic induction is not suitable for use in all soil investigations. Generally,

the use of EMI has been most successful in areas where subsurface properties are
reasonably homogeneous. The effects of one property (e.g. clay, water, or salt content)
dominate over the other properties, and variations in EMI response can be related to
changes in the dominant property (Cook et al., 1992). Within a given geographic area,
most similar soils should have comparable EMI responses. Dissimilar soils should have
disparate EMI responses. However, the conductivities of some similar and dissimilar
soils will overlap. This occurs where contrasts in EMI responses caused by differences
in one property are offset by differences in another property. Some soil properties and
soils can be inferred or predicted with EMI, provided one is cognizant of changes in

parent materials, topography, drainage, and vegetation” (Tuttle, What is EMI; 2013)





Soil Physical Property Differences

Particle Size and Soil Moisture: Clay, Sand, and Silt
EMI Survey
Dualem 1S meter
HCP geometry (O - 1.5 m)
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Spatial pattern of apparent conductivity measured with the Dualem-1S meter in the horizontal co-planar
(HCP-deeper sensing mode (0.0- 1.5 m)) geometry in an area of Iberia silty clay, Memphis silt loam, 1 to 3
percent slopes, Memphis silt loam, 5 to 8 percent slopes and Jeanerette soils (inclusion). The orange
dashed lines represent soil boundaries as observed on the USDA/NRCS Soil Survey map. Spatial pattern
shows soil moisture content (which relates to the amount of clay, sand or silt in the soil) differences as
different apparent conductivity is measured in mS/m (millisiemens/meter). The higher conductivity (redder
colors) means the higher soil moisture (higher clay content). The lower conductivity (blue colors) means
lower soil moisture content (more silts and sands). (Spatial map courtesy of Wes Tulttle).






Geomorphology

ArcGIS presentations of an EMI survey completed with the Dualem-1S conductivity meter at the Stelly
site and prepared by the NRCS staff in Opelousas, LA. The study site was located approximately 4
miles southwest of the community of Forked Island, in Vermilion Parish, Louisiana. The site was located
in pastureland. The site was in an area that has been mapped Judice silty clay loam and Midland silty
clay loam (Web Soil Survey). The very deep, poorly drained Judice soils formed on nearly level and
broad depressional areas, in clayey sediments on terraces of late Pleistocene age. The very deep,
poorly drained Midland soils formed in clayey sediments on low concave terraces above stream
channels on uplands of late Pleistocene age. Judice is a member of the fine, smectitic, thermic Typic
Epiaquerts family. Midland is a member of the fine, smectitic, thermic Chromic Vertic Epiaqualfs family.
A 300m x 130m semi-rectangular grid was established across the site. Survey procedures were
simplified to expedite fieldwork. The survey was collected in the deeper sensing HCP geometry (0 - 1.5
meters). Areas in red are associated with higher apparent conductivity. Ground truth investigation will
show whether the areas in red are more similar to Judice (Typic Epiaquerts) rather than Midland (Vertic
Epiaqualfs). The more orange and yellow colors may represent the true low concave terrace above the
broad depressional area. (Spatial map courtesy of Wes Tuttle).






Soil Chemical Property Differences

Salinity

An electromagnetic induction (EMI)
survey is being completed across an
area of Jeanerette silt loam to assess
the area for changing salinity. The site
is located inland approximately 7
miles north of Vermilion Bay which
empties in the Gulf of Mexico. (Photo
courtesy of Wes Tulttle)
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The diagrams above represent spatial patterns of apparent conductivity measurements (measured in millisiemens per
meter (mS/m)) collected in an area of Jeanerette silt loam with the Dualem-1S meter in the deeper sensing geometry
(0 — 1.5 meters). Changes in apparent conductivity across the survey area were thought to dominantly be associated
with changes in soil characteristics. Higher apparent conductivity (ECa) was thought to be attributed to an increase in
salt, clay and moisture content, relative to other portions of the survey area. The highest apparent conductivity (areas
in red) observed in portions of the survey area was thought to dominantly be influenced by the presence of salts. Even
though the measurements observed here are not alarmingly high (130 — 140 mS/m), these values are higher than
normally recognized for soils not containing appreciable amounts of salts. Hand probe measurements (EC/salinity
probe) were recorded across the site. A general trend across the site shows a good association with changes in ECa
(apparent conductivity) and ECe (electrical conductivity). Higher measurements of ECe were observed in areas with
higher ECa. A distinct linear feature (higher apparent conductivity shown in red) trending northwest to southeast is very
apparent and well defined. Two underground utility pipe lines were identified crossing the site at this location. (Spatial
map courtesy of Wes Tuttle)






Oil Well Site
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This is a spatial pattern of apparent conductivity measured with the EM38 meter. An electromagnetic induction (EMI)
survey was completed across an area of Glenmora silt loam, 1 to 3 percent slopes to assess the area for changing
salinity. Glenmora is a member of the fine-silty, siliceous, active, thermic Glossaquic Paleudalfs family. The site has
been used for oil well production but has since been abandoned. The site is in need of remediation but cost effective
measures of repair at the site are still in discussion. High salt concentrations remaining from the brine water by-
product, as a result of the mining process have severely impacted the site. Most of the site is void of any plant growth,
except small isolated “islands” within the site and along fringe areas bordering woodland (areas with lower amounts of
overland flow of brine waste water). An EMI survey was conducted at the site to assess apparent conductivity and
associated salinity levels. Apparent conductivity is measured in mS/m (millisiemens/meter). The yellow, orange and
red colors are associated with higher apparent conductivity and are thought to be attributed to higher concentrations
of salts. Apparent conductivity in excess of 700 mS/m was observed and suggests that very high salt concentrations
still exist at the site. Higher amounts of salts still present at the site have had and are having a severe impact on
vegetation. Portions of the EMI survey were conducted in soils thought to be less influenced from higher salt
concentrations and brine water flow (outer fringe areas). This “standard” (apparent conductivity of naturally occurring
soils-Glenmora soil) observed in fringe areas was in the 30 to 40 mS/m apparent conductivity range. Measurements
in excess of these values were thought to reflect the influence of salt concentrations across the site from earlier
mining operations. (Spatial map courtesy of Wes Tuttle).






Archaeology

Remnant mounds and house features
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Remnant mounds and features investigated at Carson Mounds, Coahoma County, MS with EM38 in
apparent conductivity. Darker red indicates higher conductivity (mS/m) and potential remnant house and
stockade features (soils with higher organic content (humates) have higher soil moisture). (Spatial map
courtesy of Rachel Stout Evans).






Buried midden
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EM38 survey of precision, land leveled agricultural field with a midden buried 6 inches under land leveled
topsoil. Land leveled field showed no indication of pits or middens from surface observation. Survey design:
5M interval grid. Darker red area indicates higher apparent conductivity (mS/m). Ground-truth soil core
investigation at the darkest red area revealed a buried midden (6 inches below surface to 36 inches below

surface) with high humate content and higher soil moisture content (Washington County, MS). (Spatial map
courtesy of Rachel Stout Evans).






Historic and pre-historic land manipulations (trenches, moats, etc.)
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Investigating landscape/landform manipulations and geomorphology of Native American mound
sites. Spatial pattern of ECa measured with the EM38 meter at the Lake George archaeological site
(Yazoo County, MS). The area was mapped as Dubbs (fine-silty, mixed, Typic Hapludalf) and Dundee
(fine-silty, mixed, Typic Endoaqualf) soils (Web Soil Survey). ECa was measured in mS/m
(millisiemens/meter). Areas of darker red indicate higher apparent conductivity and areas of pink
and white indicate areas of lower conductivity. Area 1 (inside green circle) was an area of lower
conductivity that a ground-truth soil core investigation reveal to be a prehistoric pit filled with a
loamy soil (not typical for the surrounding area) and a few organics and pot shard’s. Area 2 (inside
green circle) was an area of higher conductivity that a ground-truth soil core investigation reveal to
be a natural, but truncated, Forestdale-like (fine, smectitic Typic Endoaqualf). Prehistoric and
historic land leveling of the plaza area had removed the topographic evidence of ridge and swale
landscape, but the apparent conductivity of the EM38 revealed it in the subsoil. Area 3 (inside the
green circles) was an area of higher conductivity that a ground-truth soil core investigation reveal
to be mixed clayey historic fill in the prehistoric moat (Spatial map courtesy of Wes Tuttle).






Depth of Soil Penetration

Horizontal dipole mode
a. Relative sensitivity is greatest to material at or near the surface, and decreases
thereafter.
b. The difference in the response to near surface material in the 2 coil
configurations is important. Horizontal dipole mode will be relatively sensitive
to variations in the near surface

. A a— Y
Horizontal dipole mode (0-0.5 meters) shows more sensitivity to near surface material, which in
this case is silty clay loam topsoil. Therefore, similar topsoil textures do not show much variation.
Spatial map courtesy of Wes Tulttle.

Vertical dipole mode
a. Relative sensitivity to near surface material is very low, and that the sensitivity
increases with depth, becomes a maximum at about 0.4 meters and decreases
slowly thereafter.
b. The difference in the response to near surface material in the 2 coil configurations
is important. Vertical dipole mode will be insensitive to variations near the
surface.
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Vertical Dipole mode (0-1.5 meters) shows more sensitivity with increasing depth. The spatial pattern
shows a difference in moisture and clay content at a lower depth (0-1.5 meters).






Survey Design

Grid Set Up: Size and Area of investigation
a. 5 acres or less: metered survey grids should be set up at the site, whether
rectangular, or irregularly shaped (whichever will accommodate accessibility
to the site).
i. Walking a 5 acre survey: time and staff constraints.
b. Larger than 5 acres: time and staff constrainsts. It may be more efficient to use an
ATV with a plastic sled, as pictured below.

An electromagnetic induction EMI) survey is being completed across an area of Judice silty clay loam and
Midland silty clay loam to assess the area for changing salinity. The Dualem-1S meter (close-up) is being
towed in a sled while measurements of apparent conductivity are geo-referenced and stored in an Allegro
field data recorder for later post-processing. This site is located inland approximately 7 miles west of
Vermilion Bay which empties into the Gulf of Mexico. The site was inundated during Hurricane Rita and
Hurricane ke and still contains elevated salt concentrations. Photo courtesy of Wes Tulttle.

Line spacing intervals
a. Time and area constraints
b. General or detailed spatial patterns of apparent conductivity at the site
c. North/south or east/west direction
d. Preliminary planning or detailed investigation
1. Coarse survey intensity: 5m, 10m, or 20m survey line spacing
intervals
2. Fine survey intensity: 1m and 0.5m survey line spacing intervals






Coarse survey intensity: 10m survey
lines due to time and size of survey
area. Survey lines run North/South
direction in order to capture detall
perpendicular to survey features
(prehistoric mounds, trenches,
moats).

Fine survey intensity: 1 m survey line
spacing on an East/West direction in
order to capture details perpendicular
to survey features (pre-historic house
features, palisade wall and trench).

A wildcat EMI survey was conducted across
the site. The very severely eroded area
(gullies) made a conventional grid set-up
impractical. An EMI survey was completed
with the EM38 meter and the Dualem-1S
meter by walking at a fairly uniform pace while
trying to maintain a semi-equi-distant spacing
between survey lines to accurately capture
changes in apparent conductivity. The
Dualem-1S meter and the EM38 meter were
carried at a height of approximately 10 cm (4
inches) above the surface. (Photo courtesy of
Wes Tuttle)






Land cover/land use
a. It is difficult to walk with the instrument in grass or crop cover that is over knee
height. The instrument cannot move freely as you walk the survey and it will
get hung up in tall grass or understory.
b. Itis also difficult to walk with the instrument in heavily wooded areas with
shrub and vine understory.

Land cover — grass or crop cover should ideally be no higher than your shins, in order to walk
With the instrument smoothly and consistently over the ground. (Photo
Courtesy of Wes Tuttle)






Ground-Truth the processed EMI results

Areas of lower conductivity or Areas of higher conductivity

1. “Geophysical interpretations are considered preliminary estimates of site conditions.
The results of all geophysical investigations are interpretative and do not substitute for
direct soil borings. The geophysical methods can reduce the number of soil
observations, direct their placement, and supplement their interpretations” (Wes Tuttle
MS January 2013 trip report).

2. The processed EMI results are usually shown as a raster dataset geo-referenced on
a map in GIS. This allows for excellent ground-truth opportunities when seeing areas of
lower or higher conductivity on the GIS display.

3. Using the geo-referenced data and the numbered survey lines on the grid pattern,
one may find the area of interest in ground conductivity.

4. Use a probe core, auger, or spade to observe the soil characteristics at the area of
interest. Soil samples at various depths should be taken at this time as well.

5. Ground truth investigations of repeated conductivity patterns at each specific site will
allow one to understand the site more fully.

6. Ground truth investigations may lead to more intense EMI surveys to fully develop
the explanation of the site or pattern of soil characteristics.





Electrical Interference, Cultural Noise, Conductivity Anomalies

1. “Electrical interference may be encountered from either cultural sources (50/60 Hz
power lines, industrial noise) or from atmospheric electricity. Noise from cultural
sources will often manifest itself as slow or rapid semi-periodic oscillations of the output
meter reading which must be averaged out by the operator. The amplitude of these
excursions may be a function of the coil orientation and will also be largest of the most
sensitive (low conductivity) range” (EM38 Ground Conductivity Meter Operating Manual,
Geonics Ltd, 2005).

2. “In regions where intense cultural noise is suspected (near large power lines, etc.)
and the range setting is on the 100 mS/m position, it is often a good idea to check for
instrumental overload by increasing the range setting and checking that the indicated
conductivity still reads the same. Atmospheric noise will usually show itself as sporadic
changes of the meter reading, usually most severe in the horizontal dipole mode. In this
case, the receiver operator must average out the noise, or restrict himself to the vertical
dipole mode of operation, or wait until the spherics have decreased” (EM38 Ground
Conductivity Meter Operating Manual, Geonics Ltd, 2005).

3. “This instrument is a sensitive detector of small changes in ground conductivity and,
particularly when set to the most sensitive scale (100 mS/m), is responsive to metal
objects either in or on the ground or on the operator. Metal chains around the neck or
wrist, metal wristwatch straps, metal framed glasses, steel supports in boots, coins,
keys, or knives in pockets can be offenders when they are located close to the coils
(which are at either end of the instrument) either when on survey or when the null or
zero is being set. To check whether a metal object is fiving a detectable response,
simply move the object a few meters away from the instrument and note whether the
reading changes. No change = no problem” (EM38 Ground Conductivity Meter
Operating Manual, Geonics Ltd, 2005).

4. "How near can the operator approach a conductive object such as a pipe, fence,
buried farm trash, (iron, steel, copper) etc., and still ensure that the readings are
accurate? In a laterally uniform ground, the EM38 should read the same regardless of
whether it is pointing north/south or east/west. To check whether a pipe or fence is
producing an erroneous reading, make 2 measurements of the ground conductivity, one
reading with the long axis point to the object and a second reading at right angles. If the
2 readings differ by more than 10%, a significant disturbance is being felt” (EM38
Ground Conductivity Meter Operating Manual, Geonics Ltd, 2005). It is best to avoid
that area when making measurements.
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