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Acronyms and Abbreviations

m AEHS - Association of Environmental Health and Sciences
m AO - Alternate Objective

s API - American Petroleum Institute

m ASC - Advanced Site Characterization

m ASTM - American Society for Testing and Materials
s BTEX - Benzene, Toluene, Ethylbenzene, Xylene

s CLU-IN - Contaminated Site Clean-Up Information
s CSM - Conceptual Site Model

m c¢VOC - Chlorinated Volatile Organic Compound

s DNAPL - Dense Non-Aqueous Phase Liquid

s FID - Flame Ionization Detector

m ft/day - feet per day



Acronyms and Abbreviations

= GW - Groundwater

s HPT - Hydraulic Profiling Tool

s HRSC - High Resolution Site Characterization

m ITRC - Interstate Technology Regulatory Council
s LNAPL - Light Non-Aqueous Phase Liquid

= mg/cu. ft - milligram per cubic feet

. mg/kg - milligram per kilogram

s mg/L - milligram per liter

s MGP - Manufactured Gas Plant

= MiHpt - Membrane Interface Probe with Hydraulic Profiling Tool
s MIP - Membrane Interface Probe

s mL/min - milliliter per minute

s mV - millivolts



Acronyms and Abbreviations

NAPL - Non-Aqueous Phase Liquid

NGWA - National Ground Water Association
OIP - Optical Interface Probe

PID - Photoionization Detector

ppm - parts per million

psi - pounds per square inch

SURF - Sustainable Remediation Forum

TPH - Total Petroleum Hydrocarbon

USEPA - United States Environmental Protection Agency
UV - Ultraviolet

VOC - Volatile Organic Compounds

XSD - Halogen Specific Detector
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Overview

m Alternative Objective (AQO) Sites
m Columbia Briefing
s Equipment Demonstration



AQ Sites

m Sites with “complex attributes that have, to date,
inhibited progress toward the achievement of RC
[Response Complete].”

m AQ sites generally have an incomplete
conceptual site model (CSM) and are expected to
require longer than 30 years to achieve Response
Complete under current remedial approach



AQ Sites

m Path Forward for AO Sites
® Advanced Site Characterization (ASC)/High Resolution Site
Characterization (HRSC)
— SSI
— Revised CSM
— Updated groundwater monitoring program
® Remedy Evaluation and Recommendation
— Pilot Studies/Treatability Tests, as applicable —

® Decision Document amendment, as applicable
®* Remedial system operation
® Annual groundwater sampling



AQ Sites

m Site Investigations XSD Max (u x10) HPT Press. Avg (psi)
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® Direct sensing contaminant |
profiling tools £

— Optical Interface Probe (OIP)

— Membrane Interface Probe (MIP) /'

— Hydraulic Profiling Tool (HPT) |

® Discrete soil and groundwater
sampling

Depth (ft)

Flow
(pounds per square inch, psi

Pressure .

(millimeters per minute, mL/min) 0 100 200 240
HPT Flow Avg (mL/min) 10




m DCO034 (Solid Waste
Management Unit
[SWMU] 36)

(Horse Pasture)

x OT017 (SWMU 17)
s OT020 (SWMU 20)
s OT041 (SWMU 57)
= SS040 (SWMU 10B)

AQ Sites
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Complex Sites: The Role of
High Resolution Site Characterization

John Sohl CEO

Certified Sustainability Practitioner
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Our Sustainable Purpose

Environment
Economic
Social
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()

Chemical
Hydrological
Geochemical
Microbiological
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U.S. Industry Resources

INTERNATIONAL

American Petroleum American Society for Association for Environmental
Institute (API) Testing and Materials (ASTM) Health and Sciences (AEHS)
b‘, 2 3 national
¢ 2 3 ground wa{ter :
. 3 5 association
U b [ - Au01v1n93u:< N
Contaminated Site Clean-Up Interstate Technology National Ground Water
Information (CLU-IN) Regulatory Council (ITRC) Association (NGWA)

United States Environmental
Protection Agency (USEPA)

Sustainable Remediation
Forum (SURF)

() COLUMBIA
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Cost Curve is Unsustainable

Costs
A
‘ —— = .
| -
Preliminary Secondary Source Long-Term  Time
Investigation Investigation Removal Management
(HCOLUMBIA
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Creating Options

Costs

OPTIONS
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Preliminary Secondary Corrective Long Term Time
Investigation Investigation Action Monitoring
COLUMBIA

18 Robins AFB Environmental Advisory Board 03 Nov 2022 ..OTECHNOLOGIES



High-Resolution SmartData Approach
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WHY HIGH RESOLUTION?
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Where we were 10 years ago...

-

By F Payne: Remediation Hydraulics
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Impact on
Conceptual
Site Models

1 ft/day

4 0.01 ft/da
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Example: Distribution
of Transport Velocities

TR




Colorado State University

Civil and Environmental Engineering

Center for Contaminant Hydrology

& i

' Lee Ann Doner, laruther@engr.colostate.edu |
‘ Tom Sale, tsale@engr.colostate. edu l\

|

Courtesy Tom Sale, PhD, Colorado State University (Go RAMS) C(%%do

University

(HYCOLUMBIA
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« INTERSTATE »

20 Geologic X-Section: Setting the Stage
for a DNAPL Release

COUNCIL
e
ﬁ
—
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ADOTONHDAL

« AHOLVINO3Y »

Key Point: Groundwater flux is dominant in high-permeability zones
Groundwater velocity in high-permeability zones >>> average value

v Water Table
s —> I
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Highly simplified illustration of heterogeneous geology

(HYCOLUMBIA
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| v Water Table |

I
Medium Permeability i
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GROUND
WATER

DISSOLVED
PHASE VAPOR PHASE

SPATIAL
ALIGNMENT
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What we can see

What we cat
NOT see

i
s

|
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Remediation Targets the Soil Mass

Soil and Ground Water Contaminant Load
Contamination (ppm) mg / 100 cu. ft.
2.5 120
2 — 100 —

1.5 - 80
60

- 40

B 20

. 0 WS .
Ground Water Soil Ground Water Soil
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Multiple Lines of Evidence

Adaptive Direct Sensing Drilling

™

-CoIIaborative Sampling Facilitate New Well Placement

(HYCOLUMBIA
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Focus on Clarity in 3D

OIP, PID, and Co- Located Soil
Samples: https: //skfb Iy/6SnXM

- r1o0
s — Hydr (ME:) ngbod
amp

OIP, PID, and Groundwater Samples =
https://skfb.ly/65nVU

() COLUMBIA
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HIGH-RESOLUTION
DIRECT SENSING TECHNOLOGIES

() COLUMBIA
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Direct Push Technologies

() COLUMBIA
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SOIL PERMEASBILITY
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Hydraulic Profiling Tool (HPT)
to Measure Soil Pore Pressure

Detector Microvolts

More Permeable

Less Permeable
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CHEMICAL DETECTION
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Textbook Contamination Release

Release Source -

Vapor
Phase

100 mg/kg
Vadose Zone

Dissolved
Phase

() COLUMBIA
.. TECHNOLOGIES
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NAPL

NonAqueous Phase Liquid — a separate or
“free” phase liquid; not in solution

LNAPL

A liquid that is less dense than water

Common examples of LNAPL include gasoline,
diesel fuel, jet fuel, and crude oil

Can also include multi-component mixtures

Can be unconfined or confined by
groundwater

What is NAPL?

|

[ ¥ {
~ (unconfined) i

|

—

LNAPL
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Biodegradation of NAPL

i

Shallow soil organic carbon

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

Zone 3 - Water wet
sand, discontinuous
non-wetting soil gas,
discontinuous non-
wetting LNAPL
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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.

(HYCOLUMBIA
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‘* “ ‘&OIPImage of NAPL

Shallow soil organic carbon

continuous non-wetting
soil gas, continuous

intermediate wetting
LNAPL

OIP UV Image 3R Zone - iater wetsand

9.5 mm

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

Zone 3 - Water wet
sand, discontinuous
non-wetting soil gas,
discontinuous non-
wetting LNAPL
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Membrane Interface Probe

MIP (Membrane Interface Probe)

() COLUMBIA
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Membrane Interface Probe

() COLUMBIA
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Principles of Operations (MIP)

Quick Notes:
Volatile Organic Compounds (VOCs)

Gas Return Tube
(to detector)

Carrier \
. . — Gas Supply
Typical Detection Limits: (oM

Controller)
- 1 ppm petroleum fuels
- 200 ppb chlorinated solvents
- 10X Lower for Low-Level MIP

Integrated Hydraulic Profiling Tool

MIHPT INSTRUMENT SETUP

Performance Test Required! ;

AAAAA

Contaminants
in Soil

AT

Soil Conductivity
Measurement Tip

() COLUMBIA
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Benefits of High-Resolution Information

Palermo Wellfield Superfund Site

= |dentified solvent

| | BT contamination at
: ot .
N ,: NyEE: discrete subsurface
*E T T T] I ‘ .
LOW-LEVEL MIHPT elevations
=1 | | [ » Hydraulic pressure
= and flow vs. depth
== = = Estimated hydraulic
= ||| JE conductivity
2 S .._......... i = Soil particle size
m = I . R R
Example direct sensing boring log
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MIP-XSD DETECTOR RESPONSE ABOVE BASELINE

MIP-XSD Response to Aqueous Phase Test Solution

(April 2016)

1,000,000

100,000

® PEEK_40_FID_1100

@ PEEK_40_NO _FID_1100
STEEL_40_FID_1100
STEEL_40_NO_FID_1100

®  STEEL 20 NO FID_1100

------- Linear (PEEK_40_FID_1100)
------- Linear (PEEK_40_NO_FID_1100)
100 Linear (STEEL_40_FID_1100)
Linear (STEEL_40_NO_FID_1100)

------- Linear (STEEL_20_NO_FID_1100)

Scientific Basis for Lines of Evidence

0.10 1.00 10.00
TEST CONCENTRATION (PPM)
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Membrane Interface Probe (MIP)

MIP-28

Chl.orlnated. | Confirms chlorinated
Volatile Organic —_— compound
Compounds

Photo lonization Detector

Halogen Specific Detector o

(HYCOLUMBIA
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Membrane Interface Probe (MIP)

MIP-01

Petroleum
Volatile Organic
Compounds

— , FID confirms PID

Flame lonization Detector

Photo lonization Detector

rrrrrrrr

Halogen Specific Detector T

_ )
_ m

(HYCOLUMBIA
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Combined Membrane Interface Probe
and Hydraulic Profiling Tool (MiHpt)

MIP-28

Detector Microvolts
0k 100k 200k 300k 400k 500k 600k 700k 800k 900k 1,000k 1,100k 1,200k 1,300k 1,400k 1,500k 1,600k 1,700k 1,80C
0 1

L

Photo lonization Detector

Halogen Specific Detector

Probable Transport

! 449,385V
Pressure: 35,549

Probable Storage

() COLUMBIA
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Performance Testing Required!

ASTM Standard
D7352 Standard Practice for the Membrane Interface
Probe (MIP) for Volatile Contaminant
Logging using Direct Push Methods

Robins AFB Environmental Advisory Board 03 Nov 2022 ~@MB£
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GROUNDWATER DISSOLVED PHASE
CONTAMINATION
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Mass vs Flow

Tens of Thousands of Data Ground Truth Is it worth the Contaminant
Points to Define Problem / investment? Concentration

\

N Highest

Lowest

Groundwater Flux

wemsl)  Fast
—
Courtesy of: ., Slo
w

* INTERSTATE

COUNCIL

ADOTONHDAL *

“Rc ( JCOLUMBIA
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DATA INTERPRETATION
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ASX

__________________________________________

:
f

cl/oC Assessynent

14

101.4K 1.6\ asm 392 0335 12M 671k 1.2M 230 1229 01.01 107.9 399 167 204,
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Real-Time SmartData Solutions”

Robins AFB - ORC OT041 (SWMU-57) GeosyntecD B My Site Assessments @& My Account & @

Dashboard NIMESICRVELEM & 3D Model  [3 Report #* Project Setup (& GeneralInfo & Team @ Edit Stations £ Project Data

@ DISABLE ALL @D COLLAPSE ALL = [2) Save ScreenShot Bing Satelite [RORRCY

4 2020-GROUNDWATER-LABS 5 2021-GROUNDWATER-LABS <5} MIP 33 HPT.

LN

321 ft.

Compounds Layers Stations/Max Vals

Benzene

Chlorobenzene

Compounds Layers Stations/Max Vals

Benzene

Chlorobenzene

Detectors Layers Stations/Max Vals

v

+ PD [V FID

© HPT
(% Icons (] LageLs

Total: 21 N

Detectors Layers Stations/Max Vals |

= SSALES2_C452....pdf ~ = SSALES2_C452...t gcreenshot SSALES2_C452....pdf ~ = MESSER_Invoice....pdf A = invoice_11077.pdf A Show All X

I}
A

#OCOLUMBIA
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Key Takeaway Points

* High-resolution — Scale appropriate information
is critical to minimizing uncertainty in Site
Conceptual Model

* Remediation parameters are not the same as risk
parameters (e.g., BTEX in water does not
represent TPH mass in soil)

 Multiple lines of evidence are required — One
technology or approach will not provide all the
answers needed for remedial design selection

Robins AFB Environmen tal Advisory Board 03 Nov 2022 o COLUMBIA
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Think.
Restore,

John Sohl, President/CEO
jsohl@columbiatechnologies.com
+1-301-455-7644

(HYCOLUMBIA
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Equipment Demonstration

64



Questions?
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New Business
and
Program Closing

Dr. Linda Smyth
EAB Community Co-chair




Next EAB Meeting

Thursday, February 2, 2023




Please...

Complete the meeting evaluation and

feedback form and return to sign-in table or leave at seat

Leave your name tag at the sign-in table or seat for the
next meeting

Thank you!




