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Polling Question #1

1. What do you think is the greatest impediment to more widespread
and effective use of geophysics?

a. cost vs. benefit
b. lack of information/training to select the right geophysical methods/tools
c. end users often don't know how to use geophysical results

d. bad experiences - instances where geophysics hasn't 'worked' )

@
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Outline

 The

«  Why geophysics?
* Information by method

e Scal

« Method selection

* Next steps after selecting methods

« Wrap up

2 USGS

Geophysical Toolbox

e vs. Resolution Tradeoff

Spreadsheet Tool

Using the tool

Feasibility Assessment
Will geophysics ‘work’?
Realistic expectations
SEER




Polling Question #2

2. It's best to use geophysical methods together because
a. Multiple types of information can reduce non-uniqueness

b. Different methods have different strengths and weaknesses
c. Not every method works at every site

d. all of the above

ZUSGS



The Geophysical Toolbox

Borehole geophysics

(high resolution,
near-hole

information) \\' N

Surface geophysics
(large areas,
inexpensive)

2 USGS

N |

NO SINGLE TOOL CAN WORK FOR
EVERY PROBLEM/SITE

SYNERGY BETWEEN METHODS —
JOINT INTERPRETATION

O

Crosshole
imaging
(information
between holes,
time-lapse
potential)

\@
Conventional
hydrologic
measurements

(calibration and
groundtruth)
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Abraham Maslow(1966), “I suppose it is tempting, if
the only tool you have is a hammer, to treat
everything as if it were a nail”




Geophysical Property Relevant Hydrologic Acquisition method(s)
Property/Parameter -

Seismic refraction & Seismic velocities & Depth to bedrock, water Lab, borehole, crosshr ‘ 4 s
reflection reflectivity (bulk & shear  table, aquifer boundaries  surface (/
moduli) ¢ {'/
DC Electrical Resistivity Electrical resistivity Water content, salinity, Lab, borehole, crosswole
(ER) pore fluid, porosity, surface
lithology

[after Day-Lewis, F.D., Slater, L.D, Johnson, C.D.,

Induced polarization (IP)  Chargeability Surface area of Lab, crosshole, surface
Terry, N., and Werkema, D., 2017, An overview of pores/grains, lithology
geophysical technologies appropriate for
characterization and monitoring at fractured-rock Spontaneous Potential Spontaneous potential Flow through porous Lab, boreholé
sites, Journal of Environmental Management, (SP) medium, redox potential  surface
http://dx.doi.org/10.1016/j.jenvman.2017.04.033]
Ground penetrating radar Dielectric constant, Water content, salinity, Lab, crosshole, surface
(GPR) electrical conductivity pore fluid, porosity, -y
lithology o
Electromagnetic (EM) Electrical resistivity Water content, salinity, Lab, borehole, crosgiole,
pore fluid, porosity, surface, airborne
lithology
Conventional borehole Many Many: fracture locations, Borehole “ \
logging: caliper, gamma, clay content, lithology,
sonic, etc. etc.
Advanced borehole Many Many: fracture locations, Borehole
logging: ATV/OTV, lithology, transmissivity,
flowmeter, etc. etc.

Ry
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Example: Brandy

wine DRMO

“Washingtén = | .
N =T Andrews AFB

- Feghis
795 Foittiih

uuuuuu

Background

Brandywine, MD Defense Reutilization Marketing
Office (DRMO) (Andrews AFB)

+  TCE-contaminated groundwater

*  Upper 12 m unconfined aquifer

+  Spreading to residential neighborhood

« ROD - Enhanced bioremediation

«  Amendment injections ~20 ft spacing (~1,000)

ESTCP Dem/Val effort to monitor two injection points
at boundary of treatment area

2USGS

Johnson et al.,

Case Studies

2015, Groundwater



Example: Brandywine DRMO

Injections
3/1€/08

* Highly instrumented subsurface monitoring
system Monitoring System

« 8 3-port chemical sampling wells
« 7 ERT/chemical sampling wells
« 105 total borehole electrodes

 ER data autonomously collected once
every two days for 2.5 years

« Strategically-timed comprehensive
chemical sampling

ZUSGS

Case Studies



Example: Brandywine DRMO

N

Injections occurred via direct push in March 2008

Recipe

» 250 gallons of ABC (Anaerobic Biochem, mixture of
lactates, fatty acids, and phosphate buffer)

« 3,200 gallons of water
* 466 Ibs NaHCO,
* Injectate conductivity 15 mS/cm, pH 8

Procedure

« Direct push injection pipe to 34 feet bgs 7 . :
» Inject 36 gallons of amendment @ 1 foot intervals S TR R 1) 3
» Total ~ 950 gallons/location l il

4 i

3

33

o

Nl A, it 2
b i, et
o~ M et

R g samtes T2

‘ priy e

Case Studies
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Case Studies

Example:

Pre-Injection
Baseline Image

Injection

points
electrodes S
0 ]

21
E4
ﬁ 6 Brandywinge
8 ] Formation

Calvert )
Formation| 10

BT .
35 25 <15
Log10 conductivity (S/m)

Brandywine DRMO

Injection Locations

Elapsed time (days): 0

Change in log10
conductivity
(S/m})

0.85
0.75
0.65
0.55
0.45
0.35
0.25
0.15
0.05
-10 -0.05

(w)z

20

2 ] X




Example: Brandywine DRMO

Well S8
. 0.3500 0.014
£
"
£ 0.3000 : 0012
g ' A
S r
Fluid specific conductance & %2°% _ "y 0.0t
values collected at 3 > »

) 0.2000 x - 0.008
depths and discrete ".

sample times

0.006

-g A= v
8 -
2 e A 0.004
=] _—
&= \" ...‘:-
~ el -
B ~3.5mbgs o 0.002
6.0 m bgs = e T ,.UH 0
z > c s = < c o ) >
B ~35mbgs e & 5 8 3 & £ 3 3 5 £
g 8 8 8 8 & 8 8 5 L 2

2USGS o

Case Studies

ERT estimated bulk conductivity difference (S/m)



Example: Brandywine DRMO

Well S8
_ 0.3500 0.014
£
~
w
< 0.3000 - 0.012
o - .
5 ~1
r
.. ] @ 0.2500 A . 0.01
Bulk conductivity difference = ; g
. . & .
time-series extracted from ERT £ 02000 . x - 0.008
images at sample port § . ;' )
locations 0:1500 A 3 0.006
T s A A 0.004
é .\' ~, F
~ T -
B ~3.5mbgs 2 = 0.002
~ g . |
6.0 m bgs 8 00000 Rl N = .
n = v = = >
B 5.5 m bgs s £ 5 £ 8 § £ 8 8 § ¢
I 8 8 8 8 g © 8 5 5 B8

2USGS o

Case Studies

ERT estimated bulk conductivity difference (S/m)



Example: Brandywine DRMO

Evidence
» Changes in bulk conductivity and fluid Well s8
conductivity are highly correlated for first = 03500 0.014
two sampling events (R? = 0.87 over all £
sample p?ortg) ( S o03000 | BN ~3.5m bgs . 0012
5 ~ ' A
- Last event: increase in bulk conductivity, E 0.2500 6.0 m bgs X LT 0.01
.. ; ~8.5m S .#: .-
decrease in fluid conductivity S oo B g5 b 5 .
Interpretation £ . :$ '
. . . 3 x.'- -J'
« Change in solid phase properties - LA ¥ 0.006
between secgnd and_thlrd sampling event é 0.1000 o ;A A 0.004
a) Increase in porosity? = ! -t
b) Increase in surface area? % 0.0500 0.002
c) Metallic mineral precipitation? 8 10000 PRy L = o
g ¢ 5 & § § £ 8 8 § £
% 8 8 8 8 g 8 8 5 g 5

2USGS e

Case Studies

ERT estimated bulk conductivity difference (S/m)



Example: Brandywine DRMO

Day 2

Other Evidence Supporting Biomineralization

« Contractors note enhanced microbial activity in 51" quarter
+ Sulfide precipitation part of reaction sequence

 Black particulate in several April 2010 samples

» Consistent with aqueous chemistry

Primary Implications and Impacts

* Amendment behavior autonomously monitored in 4D

» Solid phase alterations identified through comparison with fluid
conductivity samples (simple and inexpensive)

» Demonstrated capability to image biomineralization...important
diagnostic indicator for performance evaluation

« What about ‘production’ application at larger scales?
Geophysical outcomes:
+ Filling gaps in space and time

ZUSGS

Case Studies

AN O

Depth (m)
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Increase in bio-activity

<«— Sodium enrichment, settling, and dilution
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0 3
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26
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9
- 10 i
£ 468 4 10
by 2 4% £ 68
2,0 2 %W 24 2 41\\((\\
E .
00 05 1.0

Log10 conductivity
difference (S/m)

Johnson et al., 2015. Groundwater.

Increased surfcae
conduction (FeS precip.)

<

Progression to
steady state
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Scale vs. Resolution Tradeoff

Regional
~10? to 10°(m)

Surface Methods

Crosshole ‘
Methods &

Borehole
))) Logging

RELATIVE SCALE OF INVESTIGATION
Site/Local
~1 to 102

Lab or Point
~101to 1

~102to 1 ~1to 10 ~10 to 10%2 (m)
High Moderate Low

USGS RELATIVE RESOLUTION



Method Selgction

Excel-based tool used to identify methods
that: .

» Address project goals (e.g., develop
CSM vs. develop numerical model)

» Are likely to work at the given site (e.g., |:
based on lithology, infrastructure) e

Goal: Provide RPMs and regulators with a s
tool to help evaluate geophysical proposals |:
and strategies for specific sites. 2

Caveat: Only a first step and guide! C
2

Ready | 2]

Contact Info: . /
hitp://water usgs.qov/ogw/bgas A " o

Last updated: 02/26/2015 % )

This program wes designed to run in Excel- Microsoft Offics 2010 y

SUMMARY

The Fractured Rock Geophysical Toolbox isesa sute of i for aquifer
characterization and monitoring. This spreadsheet-based toolis designed to assist project managers and
scientists in selecting tools that (1) satisfy study goals, and (2) are feasiie for appication at a given site.
based on site characteristics as entered by the user

INSTALLATION

Just use this spreadsheet You may need to reset macro securtty to include the location ofthis

fie as a “trusted ste.” Go to “Excel Options" under the “Office Button * The spreadsheet i designed foruse
in Excel 2010 or later.

INPUT

The user must enter a ske description and study goals using on the FRGT MATRIX worksheetusingthe
numeric up-downsand menus provided.

ouTPUT

The spreadsheet wil indicate the degree to which methods will be useful for satisfying project goals and
which methods are likely feasible given the characteristicsofthe ste.

DISCLAIMER
In our experience no one tool or single method achieves al goals when working in fractured-rock
aquifers. We encourage a muti-discipined approach that uses methods that measure different
subsurface properties, therebyimproving the detection, characterzation, and interpretation of the aquifer.
This FRGT utiity s Intended to help select methods and to assess thelr appropriateness and the potential
for success given the goals of your investigation

Resuts at any one site may vary depending on the actual tools and acquistion settings used. We
recommend that when making tool selections you read the manuals or consultthe vendors for the range

K 4 % o] INTRODUCTION . FRGT MATRIX M1 M2 _ M3 M4 M5 M6 M7 M8 M9 _ Mi{]4 I

EE @ s0% (-

Ry

USGS

Day-Lewis, F.D., Johnson, C.D., Slater, L.D., Robinson, J.L., Williams,
J.H., Boyden, C.L., Werkema, D., Lane, J.W., 2016, A Fractured Rock
Geophysical Toolbox Method Selection Tool, Groundwater.

Funding from ESTCP (ESTCP ER-200118 and ESTCP ER 201567-T2 and
from EPA.




Status:

 Served from:
http://water.usgs.gov/ogw/frgt

» Training video online at USGS

2 USGS

25 Apps PayPal - EBill ! Geophysical Researc: %% douglas . Human Resources a

ZUSGSS ¥ T e

science for a changing world

+ Home + Resources

Fractured Rock Geophysical Toolbox Method Selection Tool (FRGT-MST)

Overview

The Fractured Rock Geophysical Toolbox Method Selection Tool (FRGT-MST) is an Excel-based tool for identification of
geophysical methods most likely to be appropriate for project goals and site conditions.

We envision the FRGT-MST:
1. equipping remediation professionals with a tool to understand what is likely to be realistic and cost effective when contracting
geophysical services, and
2. reducing applications of geophysics with unrealistic objectives or where methods are likely to fail.
The 'toolbox’ comprises 30 surface, cross-hole, and borehole geophysical methods. Additionally, hydrologic tests appropriate to
fractured rock are included. The user enters information in two tables for site parameters and project goals. Based on user entry, a

third table is populated with indicators for which methods support specified goals and are feasible at the site. Worksheet appendices
provide detailed information on various methods.

USGS Fractured Roek' Geophysical Toolbox Method Seleeti -,

(Video download and transcript are also available)

Release History

The current version of FRGT-MST is v.1.0 (January 06, 2016). This is the initial release.

Information and Downloads

* FRGT-MST v1.0, released 01/07/2016 [6.5MB XLSX]. The spreadsheet is designed for use in Excel 2010 or later.
« An overview of the tool is provided in Day-Lewis and others, 2016, A Fractured Rock Geophysical Toolbox Method Selection Tool [475KB PDF]

& > C ) | ® nttps//water.usgs.gov/ogw/bgas/frgt/ Qw9 '! |- el

1 USGS Home

Contact USGS
Search USGS




FRGT Method Selection Tool

A B B c
1 IBorehoIe Method M-22 l Return to FRGT_Matrix |
2
. M22. Optical Televiewer (OTV)
5
Fill in cells shaded aqua-blue (in column C). All other cells will be automatically updated. E dicates method if Measured: Optical Image
indicates methadi : Provides:
— Pm::( and;i:,:ﬁ,alamelels Methods | I A:):'m:lailas(el g - v Oriented opticalimage
2 iat s the slecinizal st /i Surface methods — + 9 *  Canbe usedin air- and water-filled boreholes
e - i o ; e 0 . ! )
& iharisthe wallcasing? (<) ° nl ° Identify fracture and structural orientation
% hhaes il mi? Q [ ] 3 2 o
& i it easckte o ' Pesistiity- zimuthal o o 12, * Determineborehole deviation
st i S e sl S & 13|+ Lithology and structural features of rock
7 . 800 &, Seismic refraction
-;'M b b e 2. Ssizmic aflzction g : 41« Visual contamination
: . i |.Time domain £ 15 .
1 ivthatis the et cost threshold for 3 gissn method? Cross-hole methods " Details:
[€] [] X
Goals o) ° 17 * Logatspeedsofupto4 m/min
g“ G ,;, facturen d - g : 12« Logboreholediameters from 3-8in (66-210mm)
7 e eologis contaces 12 Seismio
£ Map dapth 20 bechock: Borehole methods — 9« Hardtosee fracturesin dark or foliated rocks and
ik b —% 2 -
£ Evtinses cicroee 4 Caliper ° ° 70 can not me usedin muddy wells
e o ; 21
i ng;ﬁ.s;/m*a«ﬁ.‘ I LD Q& ..+ Cansee staining associated with water chemistry
. Eshimats, SEICRT S ODSRES 16 Flowmeter (single hole) 22
7 izl okl caneotans 12 Eloumeter (oross-hole) g : 23 CostLevel: Low
J"‘m‘:‘u‘lsmv/@m 19 1P and Normal Fiesistivity ) ) 24 Reference: Willlams, ).H., and Johnson, C.D., 2000, Borehole-wall imaging
K S Aorinon minsrals 20 Magnetic susceptibility (<] [ ] 25 with acoustic and optical televiewers for fractured-bedrock aquifer
(¢} [ ] 2% investigations: Proceedings of the 7th Minerals and Geotechnical Logging
Assumptions 22.0TY g : ;7 Symposium, Golden, Colo., October 24-26, 2000, p. 43-53.
23, Fladar (horehole GPR) 2
24 Video camera Q [ 28
Hydrologic tests
75 Dl = ] ® 29
26, ting (<] L] 30
2z i (¢} [ ] 31
Comments 28, High (<] [ ] N
23 Openhole hydaulc tests of e 32
30. Tracer tests (<) [ ] 33
34
This FRGT utility is intended to help select methods and to assess | -~ 5
ical and hydraulic y vary i pecifid ~
36
37
33
» INTRODUCTION | FRGT MATRIX | A1 | m1 M3 | Md | MS M7 | M8 | Mo | M0 | M1l | M12 | M1




Training Video

* https://water.usgs.gov/ogw/bgas/frgt/

ZUSGS



You’ve selected a method
(e.g., resistivity)

Where do you (or your
contractor) go from here?

ZUSGS



Polling Question #3

3. What a geophysical methods is capable of seeing is a function of:
a. the geophysical technique, i.e., underlying physics of the measurements

b. the survey setup, e.g., electrode placement, distance between
boreholes, etc.

C. hoise/errors
d. the site-specific geology

e. all of the above

ZUSGS



Desktop Feasibility Assessment

Risks:

*  Will the method work under
site-specific conditions with
resolution needed to ‘see’
targets?

* How can we understand what’s
real vs. what'’s artifact?

*  Which regions of the images
are reliable vs. poorly
resolved?

Strategies to mitigate risk:

*  Pre-modeling feasibility
assessment before going to
the field

*  ‘Synthetic’ modeling & image
appraisal to aid interpretation

USGS

&

Conceptual Model

Step1

Assumed ‘True’ Image

Assign Properties
\_ J

Step 6
Revise Survey

Go To Step 2

1

. J

GO/NO-GO
Decision for
Geophysics

Step 5

Step 2 )

_

Compare

Inverted Synthetic Image

o) &N <a

Compare Inverted

L And True Images )

P
<

Simulate Field Data
L (forward model) J

Step 3
Add Noise to

L Simulated Data

L

Step 4

J

Invert

L Simulated Data )

[after Day-Lewis, F.D., Slater, L.D, Johnson, C.D., Terry, N., and Werkema, D., 2017, An overview of
geophysical technologies appropriate for characterization and monitoring at fractured-rock sites,
Journal of Environmental Management, http://dx.doi.org/10.1016/j.jenvman.2017.04.033]



~ ® Realistic expectations

Conceptual Model

‘Pre-modeling’: 1

* Predict what you will 'see’ based on one or more I
conceptual models, survey designs, and noise levels

» Pre-modeling can be performed using many COTS -
and public-domain geophysical software:

* Rigorous numerical models —

 Simpler approximate tools (Resolution matrix) Can we reliably ‘see’ or
» Forms the basis for detect:

+ Survey design e |NAPL?

* go/no-go decision e« DNAPL?

* Interpretation

+ COMMONLY NOT EXPENSIVE OR BURDENSOME * Geology

If not, can we change our

survey to do so?
ZUSGS y



Excel-based Pre-Modeling

Spreadsheet Functionality:
O Simple, user-friendly, requires no
proprietary software
Q Predict survey outcomes for LIMITED
hypothetical target and measurement
scenarios
O 3 template targets included in the
spreadsheet can be modified by the user:
O DNAPL plume
O LNAPL plume
O Blocks
O Underground storage tank (UST)
0 USGS web site
https://water.usgs.gov/ogw/bgas/seer/

Groundwater

Methods Note/

Scenario Evaluator for Electrical Resistivity
Survey Pre-modeling Tool

oy Neil Terry', Frederick 0, Day va Judith L Robinson?, Lee D, Slater”, Keith Halfors®, Andrew Binley®,
John W, Lane Jr*, and Dale Werkem;

2 USGS

a USGS

science for a changing world

R\\

H ©- s SEER - Excel

HOME = INSERT  PAGELAYOUT FORMULAS DATA  REVIEW VIEW  ADD-INS

<= X | Calibri Suno- == E¢ |General ~| FE Conditional Formatting ~
0 By~ B I U- A A - $ % s [ZFFormatasTable~

aste

.o B &-A- LA [7 Cell Styles
Clipboard Font 1] Alignment ] Number 1F} Styles

R20C11 - fi

Last ypdlared:-May 206

This program was Gesigned tcrunir Excer Micrasaft C¥fice 2003

SUMMARY

Scenario Evaluator for Electrical Resistivity (SEER) is designed to assist project managers and scienfists in evaluating the use

of
electrical resistivity tomography to image 2 hypothetical target. Starting from one of three generic targets (i.2.. a DNAPL plume, LNAPL

plume, or blocky targets). the user can adjust the background resistiviy, electrode geometry (e.g., surface andlor borehole). and
expected ermor levels by selecting among a imited number of options. A linearized inverse operator (ie.. model resolution matrix) is
applied to the target, as defined by the user.

INSTALLATION
Just use this spreadsheet. You may need to reset macro security to include the location of this

file as a "trusted site.” Go to “Excel Options” under the "Office Button." The spreadsheet is designed for use in Excel 2013 o ater.
INPUT

The user must antar a st descrpton and study goas using on the SEER RESULTS worksheet using the numeri up-douns and
menus provid
ouTPUT

The spreadsheet will predict the cross sectional image that would resultfrom the survey and target entered by the user.

DISCLAIMER
The forward and inverse modeling operation encoded in this spreadsheet is based on an approximate, linearized analysis for

computational efficiency and to faciitate coding within the Excel spreadshest framework. A more rigorous, non-finear inversion could

produce superior resuits. The SEER tool is intended to assist project managers and scientists in selecting. or ruling out, the use of
resistivity in their projects, but only a limited combination of electrode geometries. error levels. and targets can be evaluated using
this simple tool.

ACKNOVLEDGMENTS
Development of this tool was supported by the Environmental Security Technology Certification Program through grant ER-201118,

the U.S. Geological Survey (USGS) Toxic Substances Hydrology Program, and the U.S. Environmental Protecton Agency (USEPA)

through its Office of Research and Development via agreement DW-14-82331701 to the USGS. Any use of trade, firm. or product
names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

INTRODUCTION DNAPL PLUME LNAPL PLUME ©) ]

TEAM A Day-Lewi.. -

CORE LOCATION
(Source zone)

- | VMF bl —

Plume’ ] r

lume, v

|“ 12 Plume
Front

Massin’

Matrix 7

?2 @ - 0O X

SRS
o #-

Editing ~




Training Video

* https://water.usgs.gcov/ogw/bgas/seer/

ZUSGS
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SEER -How it works

Non-linear numerical methods are used in the inversion modeling, which

takes expertise and time to process

(T WTld Wid [k +aWTim Numerical approach

JAZ L 229 YA 99 | - —

to solve for model,

vy ¥v717it /I_\IIL\VI'L — m

Using pre-calculatedw,w &de fb’é%%dfmiﬂﬁeﬁed model, 77z, with

m=Rmltrue

%USGS -300 10 20 30 40 th;n) 60 70 8';72\19107' 100
ue

W W maplk —miref)

/7: pre-calculated based on:

Spacing and location of electrodes
Number of electrodes

Noise level

Assumed model complexity



Example Feasibility Assessment:
Imaging a DNAPL Plume

Step 1
Assign Electrical Conductivity

Conceptual Model True Conductivity

W=~Source Zone

L

0 10 20 30 40 50 80 70 80 Qb 100 (4] 10 20 30 40 50 80 70 80 Qb 100
X (m) X (m)
. . . Electrical Conductivity (S
True conductivity estimated from —_— . y (S/m)
+  Estimated saturation 0.001 0.01 0.1

+  Estimated porosity

. Estimated native and DNAPL fluid
conductivity

after Terry, N., Day-Lewis, F.D., Robinson, J., Slater, L.D., Halford, K., Binley, A., Lane, J.W., Werkema, D.,
2017, The Scenario Evaluator for Electrical Resistivity (SEER) Survey Design Tool, Groundwater

2 USGS

https://water.usgs.gov/ogw/bgas/seer/
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Example Feasibility Assessment:
Imaging a DNAPL Plume (cont.)

FILE HOME = INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  DEVELOPER ~ ADD-INS  ACROBAT  TEAM

< X Cut Arial B P P Wrap Text General - D Normal Bad Good Neutral m
P«EECW’” 2 Conditionsl Forms I | explor

aste o e BT U Ee DA~ Merge & Center = $ - 9% » 8 $4 Conditiona nTrma( as Expla Note

- g~ Table~

Clipboard & Font ) Alignment [ Number & Styles
BG12 - 500
A -5 CDEFGH | JKLMNOPGRSTUY WX Y ZAWABACADAEAFAGAH Al AJAKAL Al AN ADAPARAR AS AT AUAY AW AX AY AZEABEECED BE BFBEEH Bl BJ BK BLEMENBOBPBIERES BT BUBY BY BX
1 Scenario: DNAPL -|
R using SPECIFEED scenario
3 Options Selection
4 Electrode spacing (m) 1 Simulate
5 Geometry type‘ Wenner
s | Measurement error (%)‘ 10
7 Borehole electrodes? no
u
El True Resistivity Model
0 o
n
2
2
"
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2
2% Predicted Inversion Result
2 o
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What if the Aquifer is
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— SEER useful for resistivity I[Si’sﬂ‘::?:’, ==

USGS

Method selection: Identifying methods to -
achieve study objectives under site-
specific constraints

— Multiple methods commonly the way to go
FRGT-MST useful for this

Pre modeling: Before going to the field,
conduct a desktop feasibility assessment
— Can the target(s) be resolved given site
conditions, method limitations, reasonable
survey geometry, etc.?

Summary

FRGT METHOD SELECTION TOOL
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Step 4
Invert
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Polling Question #4

4. Which would you be most interested in?
a. Groundwater/Surface-Water Method Selection Tool
b. more tools like SEER, for other geophysical methods

Cc. a geophysical best-practices document with case studies and sample data

d. more online training videos

ZUSGS



Resources EE——

_E._:EL Journal of Environmental Management
* https://water.usgs.gov/ogw/bgas/frgt e

An overview of geophysical technologies appropriate for
characterization and monitoring at fractured-rock sites

Frederick D. Day-Lewis “°, Lee D. Slater °. Judy Robinson ¥, Carcle D. Johnson *,
Neil Terry **, Dale Werkema

* https://water.usgs.gov/ogw/bgas/seer/
* https://www.enviro.wiki
e http://askageophysicist.net/
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