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E 1. MWs and CSMs

Today’s Topics

1.

Is Your MW Helping or
Hurting Your CSM?

Drilling vs Scanning

Electrical Hydrogeology™
Principles & Applications

The GeoTrax Survey™
Difference

Closing Remarks

Q&A

Depth Capability (20 - 1000 ft)

e

)Competent
Bedrock

OOOOOOOOOO

Lateral Distance (5x Image Depth, Gas Station to Regional Mapping) © = e 9559588

Ultra-HRSC — Continuous vertical images of subsurface



hat is the Environmental Industry’s Goal?

EPA’'s mission: protect human Our mission: clean up sites
health and the environment effectively & efficiently
How it often goes... How we want it to go...

Site Assessment
? Assessi;(renent ‘
" CSM
‘ »

Closure

¥
o




1. MWSs and CSMs

Can Wells Tell Us Enough?

Sea
Level

30

60

Images after Cape Cod (LeBlanc et al. 1991); Borden (Sudicky et al. 1983)

~Need 10,000 wells to “"see” this!

100

200 —|

300—
Depth (ft)

leachate pond
l Surface runoff

Groundwater flow

How many wells to “see” this?!



1. MWs and CSMs

ITRC Research Says...

Preliminary Site

Investigations |Characterization Remediation

(Phase 1&2) |&RDC (Phase 3)
A st £ Investing in remedial design

avings . i .
e/ e+ | characterization (RDC) will save
N x =g | significant time and money
8 with RDC__~ Effective Remedy, - .
s e Shorter Timeframe on an overall project basis
4’///
-

Time




1. MWs and CSMs

DoD Research Says...

= When only utilizing vertical tools (e.g.,
monitoring wells and/or MIP/HPT) tO

Decision Maker . . .
(DM) Toams ) investigate a DNAPL site:
* 0% achieved success at reasonable cost
Virtual Site . :
Eafasals - 75% didn't achieve success
(VSD)
hd + 0% had high accuracy for all CSM metrics
VSD1: CM Autoparts Inc.  VSD2: MAC Storage Inc.  VSD3: Silicon Electronics Inc.
(Springfield, ND) (Jackson, KS) (Smithsville, MN)
| | |
S I S WU W = The most common pitfalls of accurate
S't;"c"g:nd)e's CSM2-A CSM-2B CSM2-C CSM-2-D CSM deve|0pment are:
CSM-3-A CSM-3-B  CSM-3-C_ CSM-3-D
Study completed by the Department of Defense (DoD) Strategic o Underestimating subsurface heterogeneity

Environmental Research and Development Program (SERDP).

« Insufficient density of subsurface data

 Poor interpretation of the data

SERDP, 2022



1. MWs and CSMs

PA Research Says....

Estimated average savings on overall project

Deploying HRSC on UST release
sites could result in as much as
50% cost savings and 10
years reduction in overall
project timeline

For three common types of petroleum UST release scenarios (a "typical” release, catastrophic release, stalled in corrective action), the expert panel concluded HRSC could save these amounts,
on average, of the total project costs. — EPA, 2023, "High Resolution Site Characterization at Petroleum Underground Storage Release Sites — Applicability, Benefits, and Costs,”
https.//www.epa.gov/system/files/documents/2023-04/High%20Resolution %20Site % 20Characterization % 20Study % 20Report. pdf



2. Drilling vs Scanning

Scan then Target Approach:
Aligning with Other Industries

Other industries requiring data “below the surface” evolve to scan first then go invasive

X-ray of Skull 3-D Seismic North Sea

nydailynews.com dgi.com



2. Drilling vs Scanning

Scanning in the Environmental Industry

Video found at https://www.youtube.com/watch?v=FqGjHWf08lo



200 feet

2. Drilling vs Scanning

Scanning Increases Characterization Certainty

I. Grid ff Moniforing Vl\/e”S N Number of Wells/Surveys
Impacted Zones Detected

Impact Extents
Understood?

3D Model Included?

Targeted Areas for
Additional Investigation?

200 feet

Most sites aren’t this simple!

25
1

No

No

No

10

Yes

Yes

Yes

Sampling interval of 50 ft for both MWs & ERI Scans
d o o ¥ -— Values calculated assuming 30 ft drilling depth, 2" PVC

Grid of Scans (GeoTrax Surveys™)

200 feet

200 feet

Scanning first provides clear next steps



2. Drilling vs Scanning

Why Does Characterization Certainty Matter?

——_—

= Poor estimates of ¥y,
DNAPL mass and =k
source zone footprint *" _
were directly linked to a.‘._
failure to meet project = e
objectives following Source Zone
remediation

P Team A Source Zone

g

= In 40% of cases, even
a factor of safety >30 :
could not overcome Tearn A Injection Wells
CSM limitations

SERDP, 2022



200 feet

2. Drilling vs Scanning

Scanning is More Cost Efficient
MWs | Scans

Grid of Monitoring Wells

2

4

d

Number of Wells/Surveys

Impacted Zones Detected

Impact Extents
Understood?

3D Model Included?

Targeted Areas for
Additional Investigation?

Total Approx. Cost
Approx. Cost / ft2

200 feet

25
1

No
No
No

$114k
$230

10 Grid of Scans (GeoTrax Surveys™)
8

Yes

Yes

Yes

200 feet

$200k
$20

Sampling interval of 50 ft for both MWs & ERI Scans
-~— Values calculated assuming 30 ft drilling depth, 2” PVC

200 feet

Scanning first is more cost effective and
provides clear next steps



2. Drilling vs Scanning

How Much Does a MW Actually Cost?

Assumptions:
= 2 inch well diameter
= 5 feet well screen

= Construction includes
installation, rehabilitation,
and removall

= Sampling includes
reporting costs?

IESTCP, 2008

Total Costs*

Well Total Depth
Sarmpiing 20 ft 50 ft 75 ft
Duration
5 years $53,100 | $66,400 $84,400
10 years $89,100 | $102,400 $120,400
20 years $163,100 | $176,400 | $194,000

*Without inflation

2CA Water Board, 2023; one annual monitoring report and a conditions report every 5 years




2. Drilling vs Scanning

Benefits of a Scan-First Approach

= Increased CSM accuracy/certainty

= Probability of investigation/remedial
success is higher

= Cost and time efficient:

« Short term — get equivalent data coverage
at < 1/10% the cost of a well

« Long term — scan an entire site for the
lifetime costs of 1 well; targeted
remediation could reduce remediation
costs by 20%+




E 3. Electrical Hydrogeology

" Field Deployment - Static Imaging

(single site characterization event, temporary installation)

= Must be in a straight line __w Electrodecable

Nconnects to. stakes
= Yand'instrument

= Line length=5x imaging depth .4
= Inplace for ~3to5hours W

Electroge Siakes
R N ™

— — - . -
350 I

2000
1000
750
500
300

Elevation (m)

200
150

Resistivity (chm-m)

340 100

T ‘ 50

Distance (m) 0

Electrical current flows between electrode pairs
Results in a vertical 2D continuous electrical image of the subsurface




3. Electrical Hydrogeology

What Do Electrical Images See?
Each data point (pixel) equals the sum of:

1. Biological activity

° 3 aB833883888
°°°888%§
[ ] [ ] - - = ':J
2. Contamination/ Injectates/etc. Resistivity (ohm-m)
i e Low Resistivity High Resistivity
L ol (High Conductivity) {Low Conductivity)
)
Q GeoTrax Survey™ BOB-02
h MW-14/SB-17/CD-02 Gravel-UST Excavation area MW-2/SB-4 MW-6/SB-10 MW-3/SB-5 MW-5/SB-9
whd -
% 3. Groundwater/Fluids
<
o =
'u_’ 2 1260
a
4. Soil and rocks
1240 :
0 | 5l0 I 1(|)0 I 1éo I 260
Distance (ft)




3. Electrical Hydrogeology

Electrical Hydrogeology:

Leveraging Integrated Data Sets

Traditional Hydrogeology
= Potentiometric = Pipe Diagrams = Aquifer Maps
surfac@ Maps | o\ Chemistry = HPT/MIP Results

= Lithol |
ORIV O 4 GW Flow Models = Etc.

= Stiff Diagrams

= Geology Maps

Electrical  guu

+

Hydrogeology mE

Electrical Imagery/Targeted Dr|II|ng

MW28 s

—T vy
4 V\J - — o = ==
e e 5 || A —

Applications:
1. Site Characterization (Static Imaging)
2. Site Monitoring (Temporal Imaging)

/|
@ omooow
883888888

y (ohm-m)




Visualize
Existing Site

Data in 3D

- Client sends
existing site data
to Aestus

- Must occur prior
to field work
(Step 2)

3. Electrical Hydrogeology

en Process
Remedial Design Characterization Process

Ultra-High
Resolution
Electrical Scan

- Field Acquisition:
GeoTrax Survey™
2D Imagery

- Use dynamic
work strategy
with QA/QC

Interim
Report
(w/Hypotheses)

- Integrate/QC data
sets in 2D&3D
(GeoTrax Viz™)

- Select
confirmation
drilling (biopsy)
locations with
client




3. Electrical Hydrogeology

LNAPL Seeps in Sediments
CSM Redefined

= Seeps occurring outside of
retaining wall

= Seep source was uncertain

40

CSM After Imaging

20

Microbially Active Fill
with residual hydrocarbons

Tidal Flat

Low Permeability

-20

Elevation (ft AMSL)

Holocene Alluvium

Low Permeability

-40

Source: Impacted Pleistocene Channels w/ LNAPL?

-60

High Permeability

-20-

Elevation (ft)
Resistivity (chm-m)

@

40

w o;

- T
0 50 100 150 200 250
Distance (ft)

CSM Before: Seeps from fill getting

under retaining wall

CSM After: Seep source is much
deeper and further upgradient —
impacted Pleistocene channels



3. Electrical Hydrogeology

Mapping Impacted Paleochannels
Est. $20M Saved in Characterization

Impacts found 1+ miles from the
refinery at depths of 350 feet BGS

Wells cost ~$180k each

Images found impacts & paleochannels;
used to inform groundwater models

MW-C

/NYE B "VY ’ >
e
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3. Electrical Hydrogeology

Flow Paths Found
'Est. $3.7M Saved on Remediation

MW-A  MW-B MYV-C

-/ \f —
- "--
w
> "
f Sand
=
c 20— |
je)
©
>
o
LLl
0 Not i .
Logged | ' °
| | |
0 40 Y 80
S

1000
250
100

Resistivity (ohm-m)

./

PCE - 120,000 pg/L
TCE — 22,000 pg/L
DCE - 15,000 pg/L
VC - 1,300 pg/L

| 1 éo
\m&ance (ft)
AN

PCE - 25,000 pg/L
TCE — 3,200 pg/L
DCE - 15,000 pg/L
VC - ND

Discrete vertical migration pathway
imaged & targeted on PCE site in
heterogeneous glacial till




GeoTrax Survey™

GeoTrax Monitoring™

3. Electrical Hydrogeology

LNAPL in Karst
Spill to Closure In < 2 years

Static Image

Temporal Image

(Res)

(ARes)

Distance (m)

350 _
E
'S e - > Dissolved
& Phase Well
>
@
w
\ Well with
40 Nor;vDeelzltect Free Product
Water Well
50
10 20 30 40 50 . 25
Distance (m) 0
CD-08A cooss  SP%c| Exgavation Pit .1000 g
800 3
350 / :
600 o
= 400 £
5 ]
S Dissojved 00 Z
= 345 l :
e Non-Detect 100 §
. el :Qemediation 40 §
- Wellals \avl s E
ree Product =
340 B 0 §
- CD-08D CD-08E s
20 Y
10 20 30 40 50 8

= 2,000 gallon diesel
spill in karst

= Initial images guided
remediation wells

= Additional imaging
supported well data —
site was clean and
could be closed



- Better Data
- GeoTrax Survey™ vs Standard ERI

Resistivity (ohm-m)

450

300

150

Aestus GeoTrax Survey™
0
E 25
o ol
a
(O]
QO 5.
7.5
Distance (m)
Standard ERI
E
e
a
O]
()
Distance (m)

4. GeoTrax Survey™ Differencg

Drillable Image

v’ Designed for Environmental
Contaminants

v’ Higher Sensitivity
v’ Better Quality Image
v’ Strong QA/QC Protocols

v Confirmed by EPA Ada Lab
from Halihan et al, 2005

Same equipment
Same transect line



4. GeoTrax Survey™ Difference

Better Data
GeoTrax Survey™ vs Standard ERI

= GeoTrax Survey™ designed to Impacted BOrings (»10 ppm soil TPH)
~ —

accurately see contaminants Cleaner Borings
via higher sensitivity image 0
= “Drillable” datasets E 251
(discrete targets for drilling) | &
0 5.
\P0§t-re.me(.liati0.n evaluation of a LNAPL site using electrical 75 TPH = 21, 283] mg/ kg 1
resistivity imaging 25 30 35 40
Todd Halihan,** Stanley Paxton,” Ivy Graham,* Thomas Fenstemaker” and Matt Riley” Distance (m)

4 School of Geology, Oklahoma State University, 105 Noble Research Center, Stillwater, OK,
USA. E-mail: halihan(@okstate.edu; Fax: +01 405 744 7841; Tel: +01 405 744 6358

b Program of Hydrogeologic Sciences, University of Nevada, Reno, Mailstop 175, Reno, NV,
USA. E-mail: tomfl@unr.edu;, Fax: +01 775 784 1953; Tel: +01 775 784 1239

Received 27th October 2004, Accepted 3rd February 2005
First published as an Advance Article on the web 24th February 2005




5. Closing Remarks

Cost vs Benefit?

Can we afford to scan prior to
remediation?



5. Closing Remarks

Cost vs Benefit?

Can—weafferdte-scanpriorto



5. Closing Remarks

Why Isn’t Scanning Common Practice in the
Environmental Industry?

“...a certain degree of "momentum of practice” is occurring,
whereby practitioners continue to do what they were trained
to do or what has worked for them in the past.

The concept of what has worked in the past is somewhat uncertain
in the environmental field as the ultimate goal post, no further
action (NFA), is rarely achieved at groundwater
contaminated sites (NRc, 2013; Clayton, 2017) and many sites continue
through multiple investigation phases and five-year reviews of the
remedy.”

— SERDP, 2022



5. Closing Remarks

Next Era of Site Characterization
and Monitoring: It Can Start Now

Opportunity now for “pragmatist” environmental professionals:
« Consultants: gain technology competitive advantage; add value
« Regulators: have better answers at a lower total cost for taxpayers
- Water managers: have better data and minimize liabilities

“(seismic) reflections were not
even considered on a par with the Pragmatists
divining rod, for at least that device
had a background of tradition”
E. E. Rosaire

Visionaries Conservatives

Tech Enthusiasts l I Skeptics

Innovators Early Adopters Early Majority Late Majority Laggards



5. Closing Remarks

Best Practices for Modern Characterlzatlon

= Monitoring Wells # Characterization Wells

= Vertical tools alone are not sufficient for good CSM
development

= Remedial efficacy is only as good as the underlying CSM
= Scanning first is accepted best-practice in other industries

= Electrical hydrogeology results in:
« Targeted drilling locations
« Robust CSM

 Time and cost savings for characterization AND remediation with
minimized trailing liabilities
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Better Data, Better Decisions
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