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SEPA Why geophysics?

Environmental Protection
Agency

« Prior to expensive and invasive surgery we utilize medical imaging.
- Each medical imaging method is used for specific purposes.

aY

x-ray of knee MRI of knee images credit: Lee Slater

* Prior to expensive earth intrusive investigations (e.g., drilling, excavating,
etc.) we can utilize geophysical imaging.
« Each geophysical method is used for specific purposes
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wEPA Outline

U ted States

Environmen tal Protection
Agency

» Locating subsurface objects and infrastructure
* Plume detection and monitoring

 High resolution characterization and Conceptual
Site Model (CSM) Development

« GW/SW Interactions
« Online resources

Geophysical methods include a set of tools in

T 3 the site investigator’s tool box.




SEPA Fmdmg_ USTs & subsurface
United States, ion infrastructure

Agency

 What are the physical properties of the target, i.e.
UST and associated infrastructure?
» metal?, ferrous metal? fiberglass?
* Any potential interference?

Likely applicable geophysical methods:
1. Magnetic

2. Electromagnetic

3. Ground Penetrating Radar (GPR)

- Geonics EM-61

Geonics EM-31



Finding USTs & subsurface infrastructure
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N Finding USTs & subsurface
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Finding USTs & subsurface infrastructure

<EPA

United States

Environmental Protection  Ground Penetration Radar (GPR) UST
and utility examples
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Mapping contaminant plumes

<EPA
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Environmental Protection Direct Current (DC) ReSistiVity

Agency

Archie's Law for Porous Media w/o
clay

Pe=a ¢™S™" p,

pe = resistivity of the earth

¢ = fractional pore volume (porosity)

S = fraction of the pores containing fluid
p,, = the resistivity of the fluid

n, a and m are empirical constants
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potential

Current
source

Lines of
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" Deep Water Horizon (DWH) ,
"’UEI?SA Grand Terre, LA.

Environmental Protection
Agency

« Uninhabited barrier island impacted by Deepwater Horizon oil spill

« No anthropogenic noise makes it ideal to study the long term fate of the
oil contamination

« Oil contamination is located 40-60 cm below the surface and is bounded
by sand

Legend

observations
Light Ol




SEPA DWH Barrier Island Impact

Unitad States DC Resistivity Results

Environmental Protection
Agency

Zone of immature oil contamination
imaged as resistive layer

Oil layer
NW €—— Inland Mfoi//ayer? Offshore =—> SE

Approximate
location of ~0.3
m thick oil layer

2 4 6 8 10 12 14
Distance (m)

0
Resistivity (Ohm m)

Oil impact thins away
from the shoreline

Heenan, J., Slater, L.D., Ntarlagiannis, D., Atekwana, E.A., Fathepure, B.Z., Dalvai, S., Ross, C., Werkema, D.D., and
Atekwana, E.A., Geophysics, 2014



DWH Barrier Island

vEPA Time-Lapse
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Microcosm experiments using site samples shows
rapid and dynamic hydrocarbon degradation
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Heenan, J., Slater, L.D., Ntarlagiannis, D., Atekwana, E.A., Fathepure, B.Z., Dalvai, S., Ross, C., Werkema, D.D., and Atekwana, E.A., Geophysics, 2014



NonAgqueous Phase Liquid (NAPL) DC
wEPA resistivity response

United States
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Agency Controlled Kerosene Spill

Hydrocarbons are Conductivity (mS/m)
Electrically Resistive 0.00 1.00 2.00 3.00 4.00 5.00 6.00
(initiaIIy) 0 | | | | | |

ARCHIE’ S LAW (1942): ool

Pe=a¢™S" p, *4 A

p. = resistivity of the earth

¢ = fractional pore volume
(porosity)

S =fraction of the pores
containing fluid

p,, = the resistivity of the fluid ' " L of Injected

n, a and m are constants 1.4 R Kerosene
K

12 e <)ecreasing conductivity

De Ryck et al., 1993
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Field Site: Bulk Conductivity Profiles in-situ
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& EPA resistivity probes
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Werkema Jr., D.D., Atekwana. E.A., Endres, A., Sauck, W.A. and Cassidy. D.P., Geophysical Research Letters, 2003



<EPA
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DC Resistivity of mature LNAPL plume

Environmental Protection
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Induced Polarization (IP) and

\Q’EPA Spectral Induced Polarization (SIP)
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Time (s)

t

N 1
s Chargeability = M _VfV(t)dt

Pt

SIP (frequency domain):

Real or In-phase: (0 ‘= |o|cos ¢)
» fluid chemistry,
* electrolytic conduction, and
 interfacial component

Imaginary, out-of-phase, or quadrature (o “ = |o]| sin @)
» physicochemical properties at fluid-grain interface
» surface charge density,
* jonic mobility,
e surface area, and
» tortousity

AMPLITUDE

V() =V:+ Vesinlwt+e¢.)

[(D =L+ sin(wt+¢1)

e
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Slide credit: Lee Slater



MNA Field Example with core sample measurements

<EPA

United States : zone of hydrocarbon
Environmental Protection .
Agency impact
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Abdel Aal, G. Z., Atekwana, E. A., Rossbach, S., and Werkema Jr., D.D., Journal of Geophysical Research, 2010



S EPA Relationship of Chlorinated Solvent (CS) abiotic
WwEITY  degradation rates and Magnetic Susceptibility
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Magneti

c Susceptibility (MS) at Bemidji, MN
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Proxy (MS) measurements of the
accumulation of magnetite may be
adopted as a non-invasive
technology for monitoring long-term
natural attenuation of crude oil in
the subsurface?
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Atekwana, Mewafy, Abdel Aal, Werkema, Revil and Slater, Journal of Geophysical Research, 2014



Magnetic Property Enhancement

\eIEPA dissolved
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Microbial Growth & Metabolism Summary

\Q’EPA in Porous Media
Ul States i Microbes + Organic Carbon + Nutrients + Mineral Substrate
Agency

Production of Biomass Microbial-Mediated

Generation of Metabolic Byproducts

Microbial Cells o Electrochemical Processes
Extracellular Polysaccharides (EPS) Organic Acids '
I Biogenic Gases Redox Reactions
Biofilms ) .. .
Biosurfactants Biomineralization

Proteinaceous Appendages

Can Lead to Physical/Chemical Changes...

Porosity/Permeability Changes in Pore Fluid Chemistry Reduced Species

Surface Area/Roughness Enhanced Mineral Dissolution Redox Gradients

Pore Throat Geometry Increased Porosity/Permeability Enhanced Mineral Precipitation
Tortuosity Increased Pore Pressure

Changes in Wettability

Changes in Petrophysical Properties

Electrical Resistivity, Induced Polarization,

m Spontaneous Potential, Seismic, GPR,

Magnetic Susceptibility Slide credit

Estella Atekwana



Biogeophysics

<EPA

United States
Environmental Protection
Agency
"The geophysical investigation of microbial processes/interactions in the earth”
Atekwana and Slater, 2009, Biogeophysics: A new frontier in Earth science
research: Rev. Geophys., 47, RG4004, doi:10.1029/2009RG000285

« Geophysical methods to detect/monitor
microbial activity & their by-products or ..
o Jo & B

presence in the subsurface

2 ’_ﬂ ;‘j’
~\ﬁ;,‘&"’,;,‘

BIOGEOCHEMISTRY

« Optimization of remediation programs

» Assess redox transformations and
biogeochemical cycling of elements

« Guide microbial sampling in biogeochemical

hot zones
\

Slide credit: Estella Atekwana



N Soil Vapor Extraction (SVE)
EPA monitoring using Self-Potential (SP)
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Environmental Protection
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Former fire training facility, Oscoda, Michigan

Large quantities of fuel were burned.

1990s, the free product 0.3 m thick and > 200 m down gradient
1996 pre-SVE 2007 post-SVE
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Vukenkeng C.A., Atekwana Estella.A., Atekwana, Eliot, A., Sauck, W.A., Werkema Jr., D.D., Geophysics, vol. 74, 2009
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EPA DC Resistivity response to
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Vukenkeng C.A., Atekwana Estella.A., Atekwana, Eliot, A., Sauck, W.A., Werkema Jr., D.D., Geophysics, vol. 74, 2009



wEPA Landfill investigations using

United States

Ageney O Induced Polarization (IP)
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Slide credit: Norm Carlson
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Before Bio-degradation
West

IP surveys map the landfill

extent & breakdown
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48-inch Sewer

! Il ! Il Il ! Il ! ! | | ! ! Il Il Il

Concrete
Surface Canal

East

1 | ] | | | | | l 1
T T T T T | T 1 T T T T T T T T T T T T T T T T T T T I T |
MdALAM/\w B\ 1
. L—6 G s ‘ 6 —7 5 8 -1-
*28
1999 T38
1 4 3
«Q
5
- 6
. . Buried Concrete
After Bio-degradation 48-inch Sewer Surface Canal
1 | | | | | | 1 | 1 1 ] 1 | L | 1 1 | L | L 1 1 | | 1 1 1 l 1
T T | 1 T T T T 1 T T | I E— T — 1 T T 1 T T T 1 L
11111111111111111111111111111211122111111222211111111111111111
o A T GO 11221352121 22221 12238 2211111222222111 +~ 1 3
10011111111111111111111112 913191312 272 222223 3s0ad3 22 1
2009 flololi iRl R R I R 1 2ic i + 2 @
0001111111111111111111223 '8
T LT A T 12 2 2isisisis 5 ) T3 6
11111111 1111191911222 5 Q.
Al 2223 ; 567 + 4 3
11111114911 200 55@b 6556\& «
11 i 121212 ‘6 6;\6&5 5 % 4+ 5 3D .
1114114111 121212 544567
+ (5 B B I S U o U L I T ﬂe ssléﬁ + 6 mapplng

Horizontal Scale

] Chargeability (ms) [

120ft w

Oft  30ft 60ft 9O0ft
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Slide credit: Norm Carlson



Conceptual model illustrating the temporal

\e’EPA behavior of bulk electrical conductivity due
United States = = =
Environmental Protection to natural attenuation (biodegradation)

Biodegradation ——»
— peak conductivity
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S Initiation of Mass removal (e.g., SVE)
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0 Time —

Atekwana E.A., Atekwana E.A., Werkema Jr., D.D., Allen, J.P., Smart, L.A., Duris, J.W., Cassidy, D.P., Sauck, W.A., and Rossbach. S., 2004



High Resolution Characterization

<EPA

United States
Environmental Protection
Agency

Electrical Resistance
Tomography (ERT)
Imaging

Vertical Profiling
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Slide credit: Lee Slater



<EPA
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»>Sensitivity of IP to
surface area makes
it well-suited for
imaging lithology

»>Lithologic
boundaries are
sharper in the
imaginary response

IP for lithologic imaging

BHa125

Imaginary

SandiGrawvel

]

Sand/Silt

SiltiClay

Sandstone

Kemna et al., 2004, Geophysics
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Slide credit: Lee Slater
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High Resolution CSM development
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Sherrod, L., Sauck, W., Simpson, E., Werkema, D., Swiontek, J., Case histories of GPR for animal burrows mapping and geometry,
Journal of Environmental and Engineering Geophysics, In press, 2018

GPR detection and mapping of animal burrows

Cutter ant burrow GPR image with 100
MHz antenna

A)the transition from sandy to clay-rich
soils (vertical line) and inactive cutter
ant burrows (rectangle).

B) zoomed-in view of the inactive cutter
ant burrows from 180E to 240E.

C) Zoom in from 210 to 240

B) & C) Hyperbolic reflections related to
the burrow system are traced in bold.

The relative permittivity is estimated at 5
for all profiles in this figure, indicating a
velocity of 0.13 m/ns.



High Resolution CSM development

SEPA GPR detection and mapping of animal burrows
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Environmental Protection
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Sherrod, L., Sauck, W., Simpson, E., Werkema, D., Swiontek, J., Case histories of GPR for animal burrows mapping
and geometry, Journal of Environmental and Engineering Geophysics, In press, 2018



o EPA Using Geophysics for Groundwater Surface Water
\ Y4 Investigations: Environmental Applications

United States
Environmental Protection
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FO-DTS: Fiber-Optic Distributed Temperature Sensor Technology

Optical Time Domain Reflectometry - OTDR

« A narrow laser pulse is sent into the fiber and the backscattered light is detected
and analyzed by the system

* The time it takes the backscattered light to return to the detection unit is used to
determine the location of the temperature event.

« This is completed along the length of the cable enabling the generation of
temperature profiles

* Diurnal variability is removed

E 3
t
|

Control Unit:

AC 115V house
power

30-40 W on
average, peak ~70
W.

Run from laptop

Slide credit: Marty Briggs



Groundwater — surface water mteractlons

(o)
\"'IEPA Fiber Optic Distributed Temperature System
gr?\llti‘ragnsrrthtr?tsal Protection (FO DTS)

Agency

| Diurnal Temp Signal

temp

conduction

step-pool
2 “downwelling”
gEey
; > -
“upwelling” X do
COM 1 LOMN 12 Crwrnet 01
20
o Spring discharging to river
from Buffington and Tonina 2009 PR 25m from
e e s e A SR SR SRS SN Ay  SSOSS SUE
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DTS CABLE TEMPERATURE, IN °C

Voytek, E.B., Drenkelfuss, A., Day-Lewis, F.D., Healy, R., Lane, Jr., J.W.
and Werkema, D., 2013
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FO-DTS Monitoring
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Pl

/I

seepage plume

g
*temperature is uncalibrated, bank and nearshore -&
whiter areas indicate colder groundwater seepage

Pix4d.com

T T e UAV photogrammetry for
image compiled by C. Holmquist-Johnson, topography; e.g. Pix4D

preliminary (not reviewed)

Slide images credit Marty Briggs
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Primary field from
transmitter loop excites
eddy currents in

Receiver loop measures
buried target

probable thick Moab,
fresh groundwater UT

' @ VES_points
3 April1_apparent_EC
TotaIEC_ms

® 0.016733 - 50.000000

® 50.000001 - 100.000000
100.000001 - 150.0000008
150.000001 - 200.000000{ 8" o

5 ’:30 000001 - 600.C oooooo ‘

5 R
00.128.25 0. 5 0 75

PLE Sl S

EMI allows the characterization of many km/day over land
and shallow water

Slide credit: Marty Briggs



Environmental Geophysics web

n ]
\‘"/EPA presence: tech transfer, assistance,
E“\r;‘ffcc‘fciﬁ%‘ﬁé' fioiadion qguidance, and decision support tools

Environmental Geophysics explores the physics of the earth related to environmental problems. This site includes technical scientific
content, decision support tools, predictive models, and data interpretation models to facilitate the proper use, application, and

w interpretation of geophysics to environmental problems.
LL
n ® Professional societies
: ® Journals
O ® Equipment
® Other Feds
m ® Overview ® Decision support ® Universities
m ® Geophysical Methods ® Forward models
m ® Applications ® |nverse models
% Publications and
—_ Research Resources
—
%
® EPA publications
® Ongoing research ® Surface Methods . . . . .
+ Borehole Methods Once finalized this will be found at:

® Marine Methods
® Geophysical Properties

www.epa.gov/environmental-geophysics

® |nversion
® Terms

® References

Beta version: https://clu-in.org/characterization/technologies/geophysics/




SEPA Models & Decision Support

United States
Environmental Protection

Agency
. = CONTACTUS SHARE (f) (w) (?) (=
Environmental Geophysics QIOJOL)
Home o
, Surface Geophysical Methods
Geophysical Methods
322?12%1: Geophysical This section covers most of the commonly used surface geophysical methods.
Marine Geophysical Methods « Electrical Methods
Surface Geophysical = Equipotential and Mise-a-la-Messe Methods
Methods

= Induced Polarization

Electrical Methods = Resistivity Methods

= Self-Potential (SP) Method
« Electromagnetic Methods
Nuclear Methods « Nuclear Methods

Potential Field Methods + Potential Field Methods

Electromagnetic Methods

« Seismic Methods
Seismic Methods

Inversion Contact Us to ask a question, provide feedback, or report a problem.

Geophysical Properties
Density

Electrical Conductivity and
Resistivity

Geomechanical (Engineering)
Properties

Magnetic Susceptibility

Porosity

Seismic Velocities (VS,VP)



Geophysical Decision Support System (GDSS)
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What are the anticipated near surface geolc~*~ ~~—-t:si~==n
Agency INSTRUCTIONS = DATA INPUT = RESULTS
] Unknown
|| Competent Bedrock What is the type of land surface at the site?
INSTRUCTIONS DATA INPUT RESULTS

|| Fractured/ Weathered Bedrock

What is the objective of your geophysical
project?

(U Map and Locate Anthropogenic Objects

[_] Alluvial / Unconsolidated Sediment

(U Rural: general rural land surface
(U Suburban: 3 or more houses per acre

(U Urban: high density city

[ High Clay Content Unconsolidated Sediment

(U Industrial: warehouse, manufacturing, retail, etc.
(U Subsurface Contaminant Plume Detection [_| Peat / Organic Sediment ) .
(U Active Military Base
(U Monitor Remediation Efforts
‘ Metad: (U Service station: automobile service station
(U Landfill Investigation
Notes (U Surface water bod
(U CSM (Conceptual Site Model) Development 4
' Metho« U Inside a building
A" h ion of Vadoze Zone [«] i i
n the of ics to ing and | Cltatlo‘
Environmental Problems, 2001.
Keywords: clay, conductivity, contamination, electromagnetic, GPR, ground penetrating radar, hydrocarbon, hydrocarbons, LNAPL, magnetic, | Kevwords

monitoring, permeability, phase, resistivity, resolution, sand, vadose zone

Abdel Aal,Gamal Z., Slater,Lee D., and
a site of active hydrocarbon biod

Estella A., on

Vol. 71, No. 2, pp. H13-H24, 2006/3.

Keywords: conductivity, contamination, expenments, field, geochemistry, hydrocarbons, induced polarization, IP, microorganisms, organic

compounds, phase, scanning electron microscopy, soil pollution, water content

Waxman,M.H., and Smits,L.J.M.,
122, 1968.
Keywords: conductivity, electrical, electrical conductivity, ELECTRICAL-CONDUCTIVITY, sand, shaly sands

"Electrical conductivities in oil-bearing shaly sands", Soc.Pet.Eng, Vol. Trans. AIME 243, pp.

Abdu,H., Robinson,D.A., Seyfried,M., and Jones,S.B.,
texture and water holding capacit"" *“/~*2-
Keywords: clay, electromagnetic, elec | Methods

Acworth,R.1., "Physical and chem|

gy and Hydrogeology, Vol. 3
Keywords: chemical analysis, chlorina
hydrochemistry, resistivity, sand, soil

(3) Surface Geophysical Methods

(3) Surface Geophysical Methods

Acworth,R.1., and Dasey,G.R., "M:
electrical tomography and cross-c

(3) Surface Geophysical Methods
368-377, 2003.

Keywords
Input Summary

(3) Surface Geophysical Methods

(2) Surface Geophysical Methods
| Save as HTML ... J 1 View HTML Pop

(2) Surface Geophysical Methods >

(2) Surface Geophysical Methods > Electrical Methods > Self-Potential (SP) Method

(1) Warnings and Special Considerations >> Survey When Dry

https://clu-in. orq/characterlzatlon/technolocnes/qeophvsms/

FAN Ml mvninan ~n A

"Geophysical imaging of watershed subsurface patterns and prediction of soil

Electromagnetic Methods > Time-Domain Electromagnetic Methods

Electromagnetic Methods > Frequency Domain Electromagnetic Methods >> Terrain Conductivity Method
Electrical Methods > Resistivity Methods

Electrical Methods > Equipotential and Mise-a-la-Messe Methods

Electromagnetic Methods > Ground-Penetrating Radar

Electromagnetic Methods > Frequency Domain Electromagnetic Methods

~nx Chrmma Mabhads Niffiaule A Toananailhla

from

conductivity

electrical conductivity
electrical resistivity
electromagnetic
seismic

107-

IC

[

r

Werkema Jr., D.D., Jackson, M., and Glaser, D., EPA/600/C-10/004, 2010



Forward and Inverse Models
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IO St i Fractured rock geophysical selection tool

* user enters site parameters and

| [E— = [ TEeree et o [T, ObjeCtiveS
o i H . w7 v -
o | | s secrcpentesgrie H S Al % x x
= | . tput table indicates feasibl
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HEEE g metnods
=
o e
Pl
= @
= 2% oo
o | v
i N
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] o v
ey 7| x
S S P x
H d S el ¥ =
2l i Day-Lewis, et. al., G dwater, 2016
= = o ay-Lewis, et. al., Groundwater,
| Freomrrerm S o
|n«rmﬂ
4 1DTempPro v2.0 ===] (a) data collection | (b) model input & data (c) model construction |(d) modeled and
File Options Help Display Time Series observed data
Temperature W —e— [ o = T T T upper boundary [ physical properties
Temperature in Celsus, depths in meters ™Y condition (K, porosity, etc) T
‘SAMPLE DATA, Select Data Fit . °
rEome o el SR R boundary cel
T Bondar conaon .
= ) 0% e [=] (temperature, head)
New Layer Remove Generic Soils Oversll RMS = 0.095437 ==
— o2 o observed data | [~
S| K 35%md observation point
Name |River Sedime > o "
T 9. 077 % 0s time o e - T M
“ - H i The® sa =
Trickness 072 | i K 1.8/ W/m 'C) H > forcing e =
—— i ; - ) , SR
o e maluw | oo || B q Le—ewwut | |24 observation point
(®) Maintain Thicknesses. e esses® time 8|
) Maintain Depths o 001/ m aee b -
3 s R0 e
Moloo;c«ma‘m o - H time T ex] s T0e0e,
Specific Discharge. q erence. H =
O Constartq O Constant AR 150 lower boundary =
i A ° condition time = T
® T ar ) Time-var ah
o " e | boundary cell
.

Select Data Fle Select Data Fle L 0% AL L LT PP (temperature, head) [Settecoos
Define graphically Reset < Z:z O e N time time
‘Simulation Time o8 | et

St Tme  /31/2009 1200 AW |5 ER (e) automated parameter A
EndTme 5/ 5/2009 1200AN 121 o £ 0ss &S estimation (optional) "
§ oae
H - update
e e ey, | Run VS2DH o0& : ; : : rerun numerical model }(— parzdmeter | SSE
1.0 o8 9/01 00:00 9/02 00:00 9/03 00:00 9/04 00:00
(9/2/2009 3:17 PM, 0.849 m/d)

B Parameter input, model estimation »  Temperature data collection
*  Model construction and generation

Koch, et. al., Groundwater, 2015



(@)

(b)

()

(d)

SEER - Scenario Evaluator for Electrical Resistivity
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SEER is a simple spreadsheet tool for rapid visualization
of the likely outcome of 2D electrical resistivity surveys.

Conceptual Model

“True' Resistivity Model
ek 1. Assign
—= Physical

= Properties

—p 2. Forward
Model

-

+ Realistic
Ermor
Synthetic Resistivity Image +
Go/No-Go Svntheti
Decision for «— /. Compare —e | g 3 Inverse ynthetic
the Geophysical P ) Modeling Data
Method |
True model (a)
0
~-10
S

Distance (m)

SEER prediction
Surface electrodes only

SEER prediction
Surface + borehole electrodes

Distance (m)

_ Scenario:| DNAPL -

using SPECIFIED scenario

Options Selection
Electrode spacing (mf 1

Geometry type‘ Combined
Measurement error (%): 1

Borehole electrodes? yes

(2)

(b)

p (ohm m)

500

|100
50

10 20 30 40 60 70 80 90 100

50
X (m)

—

100

10 20 30 40 50 60 70 80 90
X (m)

hypothetic target consisting of a mature LNAPL plume on
the water table, and electrodes with 1-m spacing at land
surface

the resultant electrical resistivity tomogram, assuming

normally distributed random standard errors of 3%.

Terry, N., Day-Lewis, F., Robinson, J., Slater, L., Halford, K., Binley, A., Lane Jr., J., Werkema, D., 2017
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Model Development example:
Landfill Long Term Cell Performance

A critical factor to understand landfill performance, degradation, and containment is
knowledge of landfill moisture content and distribution

1. Mapping Soil-Moisture using Electromagnetic Induction

 calibrate EM data with NMR (Nuclear Magnetic Resonance)
» generate model/code to determine water content from surface EM data

2. Software and Field Approaches for Landfill Moisture Characterization: A
Landfill Module for the Geophysical Toolbox Decision Support System
(GTDSS)



MoistureEC - flowchart

Environmental Protection
Agency

<EPA

(a) Conductivity (b) Moisture content

° °
Electrical conductivity converted Point soil moisture data
to soil moisture through calibration added to full data set
data or Archie parameters
() 0 =F(o,) (d) Moisture content (e) Data weights
| > |
o
S Soil moisture data °
estimated from electrical
conductivity . o
added to full dataset Nonlinear optimization of
[0 tradeoff parameter a
subject to uncertainty

(f) Moisture content

Final solution is soil moisture estimate
from combined electrical conductivity
data, point soil moisture values,

and uncertainty.

a) Electrical conductivity (EC) data
b)  Moisture content values used to calibrate transform function

c) Petrophysical transform function converts EC data to
d)  moisture

e) Data are weighted
f) Final moisture estimate using all data, errors, and generates an optimal data fit and smoothing

Terry,N., Day-Lewis, F.D., Werkema,D., Lane Jr., J.W., Groundwater, 2017.
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[ mec

MoisturEC * GUI inputs

Inputs  Outputs  Console Messages ° 1 f h . d
plot of the mput data —
Data files Grid Parameters Archie parameters
. axgrid O b0,
" ' ' EC data form th
o - . ata 10 €
Browse... | mEC_soft_small.csv
"* ” - ¢ i background contour plot
NA NA NA 03 0
Moisture Data File
xmin xmax Pint Ohins
Browse... | mEC_hard_small.csv NA NA 0.2 0
ymin ymax m dm
Resolution Data File (optional) NA NA 2 0
Browse... | mEC_R_small.csv zmin zmax n dn .
N " , Horeture £
Calibration Data File (optiona) @ e
Browse... mec_calib.csv
usedata || use Archie's Law
Inversion

calculate moisture

moiSturEC error

theta
theta

MoistureEC GUI 2D moisture estimate and propagated error,
expressed in terms of moisture content.

Terry,N., Day-Lewis, F.D., Werkema,D., Lane Jr., J.W., Groundwater, 2017.
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Moisture EC — synthetic 3D example
(a) true moisture model;
G ol @ gmees @ Stensom (b) inverted electromagnetic induction

3e-7 le-d 9e-1 0.1 X 0.1 0.2
— J k —

o 19 e e data collected over true moisture
, RS XN model;
Z(m) | z(m)_s\\ ° .. o . . .
~ (¢) moisture estimate based on electrical
conductivity using an Archie
parameterization;
(d) point moisture data locations and
values;
(e) resulting moisture estimate from
MoisturEC.

Terry,N., Day-Lewis, F.D., Werkema,D., Lane Jr., J.W., Groundwater, 2017.
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Geophysical methods can be used to characterize and monitor:

Subsurface objects; e.g., tanks, utilities

Direct detection of some contaminants

Active and passive remediation detection and monitoring

Biogeochemical reactions and interactions

CSM development and high resolution characterization

Dynamic Hydrogeologic processes, GW/SW interaction

Forward models and decision support systems help reduce uncertainty of results
and inform stakeholders

NOoOOROWN -~

The geophysical response is a function of the geology, hydrogeology, biology, and
chemistry of the subsurface.

» Look for physical property contrasts, understand the mechanism of that contrast
and if geophysical methods have the requisite resolution to detect the contrast.

What are the physical property contrasts?

Are these contrasts geophysically detectable?




Acknowledgements & Collaborators
wEPA d

United States
Environmental Protection
Agency

« John Lane, Fred Day-Lewis, Marty Briggs, Carole Johnson, Eric White, Terry Neal: USGS and
University of Connecticut

+ Lee Slater, Dimitris Ntgarlantis, Judy Robinson, Rutgers University
- Estella Atekwana & Eliot Atekwana: University of Delaware

« Gamal Abdel Aal: Assiut University, Egypt

« Andre Revil: Colorado School of Mines

- Barbara Luke: University Nevada-Las Vegas

« Bill Sauck & Silvia Rossbach: Western Michigan University

 Yuri Gorby: J. Craig Venter Institute

« Students:
— UConn: Emily Voyteck, John Ong, Rory Henderson
— UNLV: Meghan Magill, Nihad Rajabdeen, Lisa Hancock

— Rutgers: Jeff Heenan, Yves Robert-Personna, Sina Saneiyan, Sundeep Sharma, Angelo
Lamousis,

— Oklahoma State U: Farag Mawafy, Ryan Joyce, Dalton Hawkins, Brooke Braind, Cameron
Ross, Carrie Davis, Che-Alota Vukenkeng,

— Colorado School of Mines: Marios Karaoulis

Disclaimer: Any use of equipment or trade names does not constitute endorsement by the USEPA



Questions?

werkema.d@epa.gov



