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Our Sustainable Purpose

Environment
Economic
Social
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WHY HIGH-RESOLUTION?
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...TECHNOLOGIES Our Mission:
Costs Control the Cost of Remediation
A

Preliminary Secondary Corrective Long Term Time

Investigation Investigation Action Monitoring
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Characterization

Preliminary

Investigation
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Monetization

Controlling the Cost of Remediation

OPTIONS

Secondary Corrective Long Term
Investigation Action Monitoring



L

Where we were 10 years ago...
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By F Payne: Remediation Hydraulics




L™

What's really there ...
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Impact on
Conceptual
Site Models

1 ft/day

Example:
of Transport Velocities |

By F Payne Remedlatlon




Colorado State University

Civil and Environmental Engineering

Center for Contaminant Hydrology

CCH

Lee Ann Doner, laruther@engr.colostate.edu

l Tom Sale, tsale@engr.colostate.edu




(YCOLUMBIA

@" @ T=crnorocies The COST of Remediation

Preliminary Site Engine.ering Pilot Testing
Study Characterization Jesign

Monitoring

Site Source Long Term
Preparation Reduction Oo&M

** TECHNOLOGY
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Enhanced Bio-Remediation Injection

* 1.0 MG/L PCE CONTAMINATION
400 FT WIDE x 1000 FT LONG x 40 FT THICK

» COMPETING ELECTRON ACCEPTORS change fﬂf('f;’."r;agzvfmm
« DO 5MG/L
« NO35MG/L
. S04 100 MG/L N
« MN5MG/L GW Flow Rate 0.5 FT/DAY 1.0 FT/DAY
* FES0MG/L EVO DEMAND (lbs) 263,210 356,389

* CH4 10 MG/L

35% INCREASE IN AMENDMENT REQUIRED !

it

Source:

© 2020 COLUMBIA Technologies. 11
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HOW WE DO WHAT WE DO
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ae omoroois Global Awareness

NICOLE BRASIL
v Latin America Network for Soil and Water Management E K. S B RAS ' L

Network for Industrially Contaminated Land in Africa (NICOLA)

NICOLE 0000
Network for Industrially Co-ordinated Sustainable Land Management in Europe . . . . . .
LI L
* INTERSTATE x . ‘
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DISSOLVED

PHASE

© 2020 COLUMBIA Technologies.

v Water Table

Medium Permeabiliy

ow Permeabilty Zones

SOIL
PERMEABILITY

VAPOR PHASE

GROUND
WATER

SPATIAL
ALIGNMENT
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RISK BASED VS. REMEDIATION
MEASUREMENTS
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.09%% Mass Loading is in the Soil

Soil and Ground Water Contaminant Load
Contamination (ppm) mg / 100 cu. ft.
2.5 120
2 100 —
80
1.5
60
1 40
0.5 20
0 . | a— .
Ground Water Soil Ground Water Soil

If you design to only treat the dissolved phase contaminant,
you get REBOUND

© 2020 COLUMBIA Technologies. 16
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Conductidy
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CHOOSING THE RIGHT
SCALE APPROPRIATE TOOLS
TO SUPPORT SUCCESSFUL OUTCOMES

© 2020 COLUMBIA Technologies. 19



© 2020 COLUMBIA Technologies. Source: Geoprobe Systems, Inc. 20



#QCOLUMBIA . .
@@ TECHNOLOGIES Use Hydraulic Profiling Tool (HPT)

to Measure Soil Pore Pressure

MIP-28

Detector Microvolts

More Permeable

Less Permeable

© 2020 COLUMBIA Technologies. 21



Membrane Interface Probe

MIP (Membrane Interface Probe)

© 2020 COLUMBIA Technologies. Source: Geoprobe Systems, Inc.
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Quick Notes:

- Volatile Organic Compounds (VOCs)
- Typical Detection Limits:

-1 ppm petroleum fuels

-200 ppb chlorinated solvents

-Lower for Low-Level MIP
- Integrated Hydraulic Profiling Tool
- Performance Test Required!

MIHPT INSTRUMENT SETUP

Membrane Interface Probe (MIP)

Gas Return Tube

Carrier
Gas Supply \ (to detector)

7,

A

[
i
[

'ermeable
embrane

.

AN - 5 A = N

G
5
s s

\ Volatile Organic

Contaminants
in Soil

A

NN
NN

Soil Conductivity

77 7
@ Measurement Tip



(YCOLUMBIA
'..TECHNOLOGIES

Chlorinated | =)
Volatile Organic e . Confirms chlorinated
Compounds | = compound

Photo lonization Detector

Halogen Specific Detector

© 2020 COLUMBIA Technologies. 24
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@"@ =crnoLocies Membrane Interface Probe (MIP)
Petroleum
Volatile Orgamc | Tt FID confirms PID
Compounds Vet

Flame lonization Detector

Photo lonization Detector

@ n
3 &

Halogen Specific Detector

Fle
Pressure
EC
== PID = FID — XSD

© 2020 COLUMBIA Technologies.
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@@ =cnoroces Combined Membrane Interface Probe and

Photo lonization Detector

Halogen Specific Detector

Gas Chromatograph
with Gas Phase Detectors
i.e. PID, FID and XSD

Client Lay }69/

F16000
~4| Field Instrument

Truck Mounted
Roll Out Rod Ragl

lnngpot

Drivehead Cordset
d C tion Tubs
and Connection Tube' 30 i vreseuring

Stringpot
MIP/EC Probe
MIP Trunkline
(gas tubing and
electrical conductors)
connects the MIP probe
with the surface detectors Machine Foot Bracket
and Piston Weight
for Stringpot

Hydraulic Profiling Tool (MiHpt)

MIP-28

Detector Microvolts
Ok 100k 200k 300k 400k 500k 600k 700k BOOk 900k 1,000k 1,100k 1,200k 1,300k 1,400k 1,500k 1,600k 1,700k 1,80C
0

=

‘ 7 :gs:lfr.S?SV
| —
Probable Storage
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PETROLEUM NON-AQUEOUS PHASE
LIQUIDS (NAPL)

© 2020 COLUMBIA Technologies. 27



OIP Description

e OIP Probe: Robust with

simple connection to the
trunkline.

* Driveable: Using 7822 series
machines and drive cushions.

 Compatible: with Geoprobe
1.5 inch and 1.75 inch rod
systems.




OIP UV Image

Typical OIP image of hydrocarbon
fluorescence using the UV light source.




EC (mS/m)

100
P I T T T

200

Fluorescence
(% area)

The OIP Log

* Images captured every
15mm (.05 ft.).

* Images are analyzed for
fluorescence in real time.

* The percent of the image
area representing fuel
fluorescence is recorded on
the log.

3.0m
0% detected

5.7m
50.2% detected
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High-Resolution Mapping of
Petroleum Plpelme Leakag 3
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#QCOLUMBIA .
@" @ TECHNOLOGIES LNAPL Thickness = Pressure

Required to Overcome Soil Pore Pressure

)
LNAPL HEAD i \\
Pressure { \
| \\x. ‘\
s ( WATER
' HEAD

Pressure

e .

© 2020 COLUMBIA Technologies. 32
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SPATIAL ALIGNMENT

© 2020 COLUMBIA Technologies. 34
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THE CRITICAL ROLE OF DISCRETE
SATURATED SOIL SAMPLING

© 2020 COLUMBIA Technologies. 36



Systematic
Screening of Soil

© 2020 COLUMBIA Technologies. 37
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OIP-06
OIP-02

MIP-PID {u¥) e 3 e
37,500,000 S

25,000,000

15,000,000

1,000
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100

1L I Soil Sample Results (COLUMBIA

... TECHNOLOGIES
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MIP-PID (uV) Fluarescence (%)
37,500,000 100

25,000,000

15,000,000

10
1,000,000
I 250,000 I 1
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* (HCOLUMBIA
S Smmm—— | ...TECHNOLOGIES
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&

Shallow soil organic carbon

4

Zone 1 - Water wet sand,
continuous non-wetting
soil gas, continuous
intermediate wetting
LNAPL

Zone 2 - Water wet
sand, discontinuous
non-wetting soil gas,
continuous non-wetting
LNAPL impacted media LNAPL
Zone 3 - Water wet
sand, discontinuous
non-wetting soil gas,
discontinuous non-
wetting LNAPL

Skinner (2013) and Tracy (2015) Source: API BU"Etin 18
Managing Risk at LNAPL Sites 2"
May 2018

© 2020 COLUMBIA Technologies.
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GROUNDWATER DISSOLVED PHASE
CONTAMINATION

© 2020 COLUMBIA Technologies. 42



Hydrocarbon
Oxidation
Zone

Methanogenesis in Saturated and Capillary Zones

LNAPL Dissolution and Biodegradation

Dissolved By-Product Formation
(CO,, Fe*, Mn*, CH,)

Groundwater
Flow

Figure 2-1—Conceptualization of Saturated Zone NSZD Processes
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Source Zone

1. Isolate

and Refine

the Source
Area

2. Determine

pathways
of permeability

© 2013 COLUMBIA Technologies.

(OCOLUMBIA Integration of Multiple HRSC Tools

3. Sample to confirm
mass and contaminant ID
and remediation
parameters

44
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Depth to Water:
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MIP-PID [uV) Fluarescence (%)
37,500,000 100
25,000,000
15,000,000

10
1,000,000
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Total BTEX (mal)
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Hydrocarbon
Oxidation
Zone

Methane

\"AV L&
A1
4 Methanogenesis in Saturated and Capillary Zones

LNAPL Dissolution and Biodegradation

Dissolved By-Product Formation
(CO,, Fe**, Mn*, CH,)

o Groundwater
Flow

Figure 2-1—Conceptualization of Saturated Zone NSZD Processes
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Ground Surface

Contaminated Zone Water Table

Groundwater Flow

>

; ]
DOENEBROEOEHEE
EEEEENEEEEER

Anaerobic
Reaction

Zone .
NO; —» N,

Nitrate-Reduction
Aerobic Respiration

Source: API Bulletin 18 Managing Risk at LNAPL Sites 2" edition, May 2018
48
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(HCOLUMBIA Key Takeaway Points

... TECHNOLOGIES

* Remediation of contaminated land is a process with
many links (steps) in the Value Chain

* You can’t skip a step without losing time & money

* Technology is just one piece of the process but not the
most expensive piece

* An accurate Site Conceptual Model is the critical
leverage point to ensure proper cost-effective
remediation design and success

* High-resolution information is critical to minimizing
the uncertainty in the Site Conceptual Model

© 2020 COLUMBIA Technologies.
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THINK.
RESTORE,

John Sohl, President/CEO
COLUMBIA Technologies
www.columbiatechnologies.com

jsohl@columbiatechnologies.com
+1-301-455-7644
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