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Our industry spends over
each day assessing,
remediating, and making
decisions on information that is
incomplete, inaccurate, and too
late.
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Where does all the
money go?



Historical Approach

Office Repeat

| P R— Fieldwork _.,|

Data Data
Reports
Evaluation Gaps

Remaobilization Repeat
Data Data
Reports
Evaluation Gaps
Remobilization Regant

BB

Cycle Time = Years
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of the errors, waste, and
resources are spent on the wrong
and insufficient samples.
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vista =2 The GOALS of RDC

GeoScience

A Proper RDC Tells Us Where and How Much (Di \
Phase & Adsorbed Phase)

* Where the Contamination is Located
— Vertical and Horizontal Distribution
 How Much Mass is There to Treat (Dosing)

* Other Physical & Chemical Parameters as Needed for
Specific Treatments. (SOD, COD, etc.)

* |f Back Diffusion Affects the Choice of Methods

* Soil/Rock Types for Delivery Mechanisms
 =Targeted and Accurate Injection Design Plan

© 2015 COLUMBIA Technologies. 9



Adsorbed Phase vs. Dissolved Phase
Contaminant Loading

Soil and Ground Water Contaminant Load

Contamination (ppm) Lo Mg [ 100 cu. ft.
2.5
. - 100
30
1.5 —
60
1 L
40
0 ; o l
Ground Water Soil Ground Water Soil
If you design to only treat the dissolved phase
contaminant, you get REBOUND . %
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& _ |
E‘:égﬁ Representative Sampling

from Continuous Soil Cores

(Remember: A saturated soil sample includes the pore water, and therefore

~ the combined adsorbed and dissolved phase)
Sub-Sampling Continuous

Cores for VOCs Usmg Plugs -

Cutting a Composite “Wedge”

from the Cantiniinilie Care

ITRC (Interstate Technology & Regulatory Council). 2012. Incremental Sampling Methodology. ISM-1.
www.itrcweb.org. . INTERSTATE

[RC
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Vista T -

GeoScience

Tools for Discrete Ground =3

Water Samples "
* Discrete GW Sampling Tools 60
* Multiple Wells with Discrete Screens

* Single Well with Multi-Level Ports

e ....BUT REMEMBER: 80-90% of the mass
resides in the saturated soils.
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Geoprobe® Screen-Point
Sampler

160

Practical Handbook of Environmental Site Characterization and Ground-Water '~ .-. L ‘; Jt *-_ , ' -
Monitoring, Second Edition, Ed. David M. Nielsen - BTy e B ST || i
CH 11, Multi-Level Ground Water Monitoring, Murray Einarson ., AR EENEEENE, L /L
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Use High Resolution Data to Create
“Decision Units” for Treatment
Dosin

Injection Area A Arel B Area C
Depth 500 sq. ft, 5 pts. 1,500 sqg. 1, 15 pts 4,000 sq. ft. 40 pts.
" 10 Ib 25 10 Ib
T 14 S < S
E , 40 lbs 40 25 Ibs
L 16

A w

25 |bs 25 25 |bs
18’ )

>0/ 10 Ibs 101 5 10 lbs

59 10 Ibs

Vista =
GeoScience
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: Analytics |

Accurate, high definition and real time information
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The NAPL Challenge



© 2015 COLUMBIA Technologies.

Oil

Water

Vapor ??



Where is it (really)?
Leaking or not?
Moving or not?

Transmissive (recoverable) or
not?Above saturation or not?

Degrading — YES but how fast?

© 2015 COLUMBIA Technologies.
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What is LNAPL?

NAPL = Non-Aqueous Phase Liquid

- Do not mix with water and remain as a separate phase

- Include petroleum hydrocarbons and chlorinated
solvents

LNAPL = NAPL that is less dense than water

- Gasoline, diesel fuel, jet fuel, and crude oll
- Multi-component mixtures

*+ INTERSTATE

TRG

+ AHOLVYINO3Y *

COUNCIL
ADOTONHOAL *

Courtesy of:
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Underground - It’s Complicated

Schematic

Pore Scale
Schematic

\

Vapor Phase COC
N N
N
A | Release T
Point A&
N
Vadose Zone
Zone of High
_ LNAPL Saturation
Spill Zone
(LNAPL/water/air)

Water
Piezometric

Table
Table

Soil Grain

Zone of Low to

Air Residual LNAPL Saturation

”~ -,

3
Water— ‘
LNAPL -

Mixed Capillary Fringe

Water-only Zone containing
Dissolved COC

Source: ASTM

* INTERSTATE «

Courtesy of:
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+ INTERSTATE -«

* Geologic X-Section: Setting the Stage :
for a DNAPL Release "Rc

« AHOLVINO3Y »

ADOION

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

7 Water Table

Medium Permeability

S
O
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S > | —
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VA

ow Permeability Zones

Voo

Highly simplified illustration of heterogeneous geology
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MaSS DiSCharg: Courtesy of:

Chemical Mass and Transmissivity
Transects

SN\,

Plume

C=Concentration

Across any Transect, a Contaminant Plume Conveys:

Groundwater Discharge, Q (e.g., L/day)

Contaminant Mass Discharge, My (e.g., g/day or kg/year) _
Figure 2-1

My=QxC (L/day x mg/L = mg/day)

© 2015 COLUMBIA Technologies. 73
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It’s a Science Based Decision

Tens of Thousands of Data Ground Truth Is it worth the

Points to Define Problem

investment?

/

<

© 2015 COLUMBIA Technologies.

Figure 2-4

Courtesy of: |3 "Rc :

Contaminant
Concentration

Highest

Lowest

Groundwater Flux

q Fast
e
e Slow

24
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0 ]

Courtesy of:
a —
Heterogeneity Measured
Power of High Resolution Clarity of Typical Site Characterization

T
* Scale matters —what needs to be measured
* How to interpolate between highly variable data
* Most transects sample < 1% of the groundwater

© 2015 COLUMBIA Technologies. 75




of the contaminant mass is
moving or stored within of
the geospatial volume
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High Resolution Systems

MIP (Membrane Interface Probe) Volatile Organic Compounds (VOCs)
(MIP-EC, MiHPT, MIP-HTL, LL MIP, MIP-XSD) (Dissolved phase petroleum and/or Solvents )
LIF (Laser Induced Fluorescence) LNAPL/Residual phase petroleum
(UVOST®, ROST®, TarGOST®, FFD) Light petroleum fuels to coal tars

HPT (Hydraulic Profiling Tool) Soil hydraulics (pore pressure, soil permeability)
PST (Pneumatic Slug Test) Soil characteristic - permeability

EC (Electrical Conductivity) Soil characteristic - electrical

CPT (Cone Penetrometer) Soil characteristic, behavior type
Discrete Groundwater Profiling VOCs, SVOCs, Metals, Biologics, Gases
Short, discrete screen interval (0.2 — 1.0 meter)

Onsite Laboratory Analyses VOCs, SVOCs, Metals, Gases

Rapid Laboratory grade GC, GCMS, HPLC, other

Real Time Data Management Quality Assurance and Decision Making
Mapping and vertical profile charts Results presented via Internet in real time

© 2015 COLUMBIA Technologies. 27




Ultra Pure
Compressed Gases

Depth

Detector F =1 1)y Electrical
Wy 4 Generator

(self sufficient)

s

MIP
Transfer
Llne

¥
/]
£

a8 ._ I - Direct Push Drilling Rig with
o - Membrane Intérface Probe for VOCs
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Laser Induced Fluorescence (LIF)
UltraViolet Optical Screening Tool®(UVOST®)

Quick Notes:

- Responds to PAH containing compounds/ Sample LIF Log

- Residual Phase Petroleum Hydrocarbons =T s
- Excellent mapping of NAPL i
- Matrix effects Depth

- Reference Emitter (RE) source test required

Compound
Waveforms

29
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LIF Principles of Operation

LIF responds to free-phase PAHs — anything with
more than one benzene ring

* PAHSs fluoresce when struck with UV light
» Each PAH has a unique fluorescence
spectrum

» Heavier PAHs are more red-shifted

3.
PAH Structures 3 excitatipn (lager) wavelength — PAH #1
Pericondensed Calacondensed ":‘7 3
o f)'Y =‘ e
P J‘ ‘(\L %Ih{ I[fr;n,_,rr} w
'-!_ o4 ':.,‘_,.1’ —
= "u\,.r '-.....r' =
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CigH10 C24H12 C1oHg CqaH1g ‘@ | 5
[f‘\*[#;] f"):] N ,E; j N nE ‘
f-:'- f:n} 1§ ]\ J 'ﬂ "N :"“’M"n"ﬂ‘j;l:"/l E
[:‘;i_‘__;_] 'L _[ *-...-" v""“‘\ SN m I
Perylene Benzo[ghi]perylene Tetraphene Chrysene
C20th2 C22H12 CigH12 CiaH42 0.5
P N | J’tv ""}j
e i s ' N e N
[1:‘ I“...;I ‘i;ﬁltl \lr"h fl“) I::-‘“"w.._.cf'«.,r'[:_;i: " /I“-_fj'n-i"i""n_.-:l.'u;] 0 -
Ve T gl NG ( 2 .
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Linear Response Over Wide Range
of Saturation

Various Fuels/Oil on UVOST

1000
—eo— Light Crude Oil
a— Diesel

& Gasoline A

—&— Kerosene e
= 100 -
s
D
(& )
| =
D
O
7]
s
=
™ 10 -

1
10 100 1000 100007100000 1000000

B o S T3 (ppm)
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UltraViolet Optical Screening Tool®

Optical Spectroscopy:

- FOUR different frequency
bands = afe_ |
- Fluorescent Iigh_t received from ;j;j?- | L — '_fg
the down hole window Kerosene/Dlesel at water table
- Lighter, shorter chain ) L
hydrocarbons blue-green k “L 3' B
- Heavier, longer chain u
hydrocarbons orange-red

k hh # e

- Matrix effects

- Reference Emitter (RE) source il ].__1-“-:7:——"———:——“%

test required = || /I |
«[lAl ||| Deeper butlighter LNAPL

.1 I 1‘}",;‘. LR .:In.... — _-1-.-. e r——— ;;_;| LT 5 .1.".}-.:..?
© 2015 COLUMBIA Technologies. 25
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Pores and Pore Pressure

For water wet media

"‘* &T?w ﬂ&' N ."‘, :f'(*.lﬁi
‘.‘h.”-‘t.-

\
i .- , '
| soil Grains LRy (B \ \lt}n 1ai,f:mng1*1111‘:21 £ I"‘____ I :
= e (e.g. air or LNAPL) o \
- ; Flow' \
M :,;.. i 1! : YRR T L OW \ \
T MR FY p ) RO l IH"I' (

Wetting Fluid (e.g. _ " gy ¥ :
water) preferentially X L AR 'y o |

contacting the soil

Quick Notes:

- LNAPL share pore space with other fluids including air

- The head pressure of the LNAPL must overcome the pore
entry pressure for LNAPL migration
Courtesy of: ITHC 3
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MIP - PID & FID Response in
Low EC - Transport Zone
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Cost-effectively characterize
Contaminated sites
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Figure 24, Distribution of Open LUST Releases per Year in 11 States, by Known Media Type (1990 - 2008

S

=

l Groundwater

S

=

If you have a groundwater
problem...you still have a
Jroblem.

S

Percent of National Backlog

=

9% 19 199 19% 1998 2000 2002 2004 2006 2008

Year
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The answer is N
the monitoring well.
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Multiple Lines of
Evidence

© 2015 COLUMBIA Technologies.
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Integration of Multiple HRSC Tools

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

Source Zone

1. Isolate
and
Refine
the

Source

Area

© 2015 COLUMBIA Technologies. 43
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2. Determine
pathways

of permeability
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Hydraulic Profiling Tool (HPT)

Quick Notes:

- Used to profile hydraulic pore pressure

and permeability “effective K”
- Integrated EC

- Positive pressure flow of water
supplied from surface

- Determine migration pathways,
remediation injection regions, and
placements for monitoring wells

© 2015 COLUMBIA Technologies.

Sample HPT Log

i
1.
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L I
i 250 300
HIFT Flos Max {mLimin ) Ahs cirosiatic P ressu e (pel)

. Hyd
co LU M B IA LY. ST _ !::l:;'r sl

COLLIMERS Techrologess RSP
&)@ TECHNOLOGIES 7"
] EYZFachty i ABC Corporation

44




COLUMBIA A VETERAN-OWNED SMALL BUSINESS

TECHNOLOGIES com bi n ed H PT a n d LI F-ﬁgh Resolution Vertical Profiling

LIF Log Data LO9S HPT Log Data LO9
EC (mS'm) Corr. HPT Press (psi) HPT Flow M (mUmn) Est K (Ridey)
] ) C W Z05> Z 3 SBoN oN SN 25 W N U
Callowuts n_'ﬁ'""“" Signal (%RE) 350 430 450 500 Me ew a b a0 a2t ) balaaaalaasabaas) oot o4 0 0 0 Lot a1 g
i Ul = — -

| ] Classic “shark fin”
] Evidence of higher NAPL saturations above

Fr— - 'r"‘ v n—m . —_p  g— w L v

| 34 X

:I'_'I-l ..-..-" = ‘-

4

g —

M
.I *‘r"" ;
- :_;..---
f/g/‘ﬁ#‘—”— e
|
|
|
|
Oepeh (R)
= =
| T

. 10 -

200 I

=

100 ¢ 11—
8

al

é ] ;‘ . . i3 ?
E:H‘.- Tl—'l

, - : .
TR w w8 Ga 15 3]
. LO9 UVOST By Dakota
MUHBIA g - _ e L .'n._q-i..j-. . .
* TECHNOWOGIES |

Dums ooy | Supported by high pore pressure — low flow
zone beneath

PERR, ol

Log data collected by COLUMBIA Technologies, LLC
© 2012 COLUMBIA Technologies, LLC. All Rights Reserved 45




(HYCOLUMBIA
.. TECHNOLOGIES

Membrane Interface Prok

(MIP)

Quick Notes:
- Volatile Organic Compounds (VOCs e Gas Return Tube
. Gas Supp! (to detector)
- Vapor, Dissc a5 - (from MIP
SOIY Controller)
- Typ|Ca| D . .-~ ’ermeable
(ca ‘ ° lembrane

nnnnnnn

o \— Volatile Organic

Contaminants
in Soil

- Integrated Ele .
- Hydraulic Profiling Tool
- Optional Heated Trunk Line
- Matrix effects

- Performance Test Required!

o S A AT AT A A

LAY

Soil Conductivity
Measurement Tip

© 2015 COLUMBIA Technologies. ”
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esponse to LNAPL -
Unsaturated Zone

PID Max (uV »107) FID Max (uV <107 XSD Max (uV = 10%) Corr. HPT Press. (kPa) Est. K (m/day) EC (mS/m)
0 5 62 0 2 4 5 00 0.5 10 0 500 670 O 5 10 14 0 500 650
— — O Y T T - TS TR PR

0 L

11—

40 200 400 450 86 100 146

47

© 2015 COLUMBIA Technologies. HPT Flow Max (mU/min) ~ _s. Hydrostatic Pressure (kPa)



(HCOLUMBIA
.. TECHNOLOGIES

Initial LIF Profile Adjacent to the MW

e Cﬂ!ﬂuls } Signnllt‘ﬁ'R_E} 150 400 450 500 E.!lhﬂm}
Quick Notes: B
- Performance test is GOOD _

- Background check is GOOD z

- Material in the formation is __;
different than performance test <
standard and repeatable P,

- Material isat 17 and 19 feet

below grade =£
3
i
3
-
| >3
i
‘-'*.
=30.044 —
G
| 1.4 tE)
{
35,0+
-40 O T : - : , .
0.0 10.0 20.0 30.0 40.0 05 10 |
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LIF Profile of Product in the MW

Quick Notes: 1 e o
- Performance test is GOOD ﬁ ‘ t | 1 | =1
- Background check is GOOD Eova fﬂ{ =i
- Material in the well is lighter . —p—
(more fresh, less degraded) than ’ -
product in the formation

- Material in the well is different
than the performance test
standard

- Response is repeatable

00 200 300 400 05

© 2015 COLUMBIA Technologies. 2
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MIP Response Adjacent to the MW

EC (mS/m) PID Max (uV=10%) FID Max (uV=10") ECD Max (uV10%) Temp. Max (" C)
0 20 40 60 0.0 05 10 0 1 2 8 5 8 80 100 150
u o ! . v . 1 . 1 4 1 1 I I l I I [ I | L L 1 1 | 1 I 1 I R i

=
=
=

Remember Csat

%

50
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The answer is N
the monitoring well.
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Combination Membrane Interface

Probe-Hydraulic Profiling Tool
(MiHPT)

Combined MIP-HPT Probe — multiple lines of evidence in

the same push! :
P Sample MiHpt Log
- Contaminant distribution of VOCs I R Ik T R R T e T
- Measurements of EC ¢ 1 _ 7 j
- HPT pore pressure and Effective “K” £ 1 . 2

Probable storage zone /

HFT Flosw Max {mLimin) Abs : Fressune (ped)
COLUMBIA '
. |l: orpEy,. 20000 [Opswdor ¢
= i g 1 E i
Tt
AL L orporakce

| e —

© 2015 COLUMBIA Technologies. a”
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Standard MiHpt
Profile with Estimated “K”

FID Max (pV =1 DE} FID Max (pVv <1 ﬂs} XA50D Max (pV =<1 GE} HFT Press. Avg (kFa} Estl K (m/iday) EC (m3/m}

(0 2 4 0 1 2 0 2 0 500600 0O 20 40 0O 200 300

G e L L i L L L L L ] [} L 1 1 L1 s & = ¢ I 3 3 5 3 i i K 1 L i ] I i L L I i
- |

|

e e
More Permeable

4

Depth (m}
~J L&)
| 1 |
b
|

12 N RN T HEE R T T T T T T T |
O 200 400 B2 100 155
HFT Flow Avg (mL/min}) A... Piezometric Pressure {kFPa)

COLUMBIA

TECHNOLOGIES

oo

© 2015 COLUMBIA Technologies. 53
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Stable Baseline

Membrane

Interface Probe | .
(MIP)

Halogen

Specific =3
Detector (XSD) ~ *Linear response to number of chlorine atoms

* 20 measurements per foot
* Stop for heating every 1-foot

EC

- Xs5D

© 2015 COLUMBIA Technologies.
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Membrane

Interface Probe
(MIP)

Photo

lonization
Detector (PID)

© 2015 COLUMBIA Technologies.

35

MIP-28

Detector Microvolts

Ok 100k 200k 300k 400k 500k 600k 700k 800k 900k 1,000k 1,100k 1,200k 1,300k 1,40C

Confirms
chlorinated
compound

* Linear response to the number of double bonds
(e.g. Benzene)

* Compounds with IPw

55
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Memkt
Interface Probe
(MIP)

Flame

lonization
Detector (FID)

© 2015 COLUMBIA Technologies.

MIP-28

Detector Microvolts

300k 400k 500k 600k 700k 800k 900k 1,000 1,100k 1,200k 1,300k 1,400

Ok 100k
L] b ==

Non-Benzene and Non-
"hlorinated (Methane?

E__——
¥

20

25

30

33

* Linear response to organic C-H bonds

Flow
Pressure
EC

@ P00 @ FID B XSD

" 56
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Membrane
Interface Probe
(MIP)

Photo

lonization
Detector (PID)

© 2015 COLUMBIA Technologies.

MIP-01

PID with no XSD

XSD

* Linear response to the number of double bonds

(e.g. Benzene)
* Compounds with IP <10.2 eV

Pressure
EC

= PID XS0

S5/
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MIP-01

Detector Microvolts

Ok 200K 1,000k 1,500k 2,000k 2,500k 3, 000K 3,500k 4,000k 4,500k 5,000k 5,500k 6,000k 6,500k 7.00(
!

|
U ]

FID confirms PID

22.5

PD: 1087222
FID: 823237V g
S0 34,639V

20

Membrane
Interface Probe
(MIP)

30 |

PID + FID

oy
L = |

* Linear response to the number of double bonds
(e.g. Benzene)
* Compounds with IP<10.2 eV

Flow
Pressure
EC

== PD = FID — X5D

© 2015 COLUMBIA Technologies. 58
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Hydraulic
Profiling Tool

(HPT)
Hydraulic
Pore Pressure |° IESSsiusm

More Permeable

rrrrrrrr

© 2015 COLUMBIA Technologies.
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Hydraulic
Profiling Tool
(HPT)

Electrical
Conductivity
and Hydraulic
Pore Pressure

© 2015 COLUMBIA Technologies.

30

Dete

MIP-28

ctor Microvo

Its

sure @ EC




(HYCOLUMBIA
.. TECHNOLOGIES

MIP-28

Hydraulic
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Combined

Membrane | =
Interface Probe |
and Hydraulic
Profiling Tool
(MiHpt)

* Continuous comparison of chemical and soil parameters
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The answer is N
the monitoring well.
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Starting with The “Monitoring” Well

Situation:
- Historical release
- Multiple MWs installed

- New or recurring free product thickness (1.5-ft) in one or more
wells

- Investigate for unidentified source

Fact:

- Recurring presence of LNAPL in a monitoring well
OR continued elevated groundwater concentrations
of hydrocarbons are clear evidence of a remaining
source...it just may not be mobile or moving

63

© 2015 COLUMBIA Technologies.




(HYCOLUMBIA
.. TECHNOLOGIES

Initial LIF Profile Adjacent to the MW
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LIF Profile of Product in the MW
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MIP Response Adjacent to the MW
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the monitoring well.
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SmartData Solutions®
Provides:

Real Time Information

Secure Cloud Platform

Quality Assurance

Collaboration

Data Gap Analysis
Global Reach
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Measurement of Natural Source
Zone Depletion

atmospheric
CO,

trap body — upper sorbent element
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Case Example

Petroleum VOCs
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MIP Response to Petroleum VOCs
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Transect 01 — Towards water body
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Transect 01 - PID
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Transect 01 — PID w/ FID and XSD
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Transect 01 - PID with Conductivity
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Transect 01 - PID with Conductivity
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Transect 01 — PID with Pressure

MIHPT-MIP-05 MIHPT-MIP-09

MiHPT-MIP-10

MIHPT-MIP-12

Values
100k 200k 300k 400k S00k

Values
Ok 200k 400k GOOk BO00k 1,000k

Values
Ok 50k 100k 150k 200k 250k

Values
Ok 200 400k GO0k BODk 1,000k

-
=
~

0 0

P> T - M | - ——
HIHPT-I:IF-IO I
MIHPT-MIP-05 )
MIiHPT-MIP-09 )

=

10

=

I’l.

20 20
30 30
40 40
50 50
60 60

© 2015 COLUMBIA Technologies. )



QCOLUMBIA
. TECHNOLOGIES

Transect 01 - PID with Flow
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Transect 01 - PID with Flow
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Do we want to guess for

more hardware, chemicals, and lab
analyses or do we want to pay for
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John Sohl, President/CEO
COLUMBIA Technologies

www.columbiatechnologies.com

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