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The personnel at Dakota have been making LIF measurements of PAHs for over 25 years
and we’ve been doing direct push LIF for fuels/oils for 20 years. Our desire is to build
equipment that captures world class data — but doesn’t have to be operated by a physicist or
equipment expert.

ROST, UVOST, TarGOST, and Dye-LIF were designed from the bottom up to do one thing...
log state-of-the-art fluorescence information in the subsurface with direct push.
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LIF History

B s
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Dakota’s Optical Screening Tools (LIF, Color)

Model

ROST - Rapid Optical
Screening Tool

UVOST - Ultra-Violet
Optical Screening Tool

TarGOST — Tar-specific

Green Optical Screening

Tool

Soil Color

<> DPAKOTA

Manufacturer /

Providers

Dakota
Fugro exclusively

Dakota

offered by numerous
field service providers
Dakota

Dakota exclusively

Dakota

offered by Dakota and
available to providers

Technology /

Deployment
dye laser - 290nm
spectral/temporal
Percussion & CPT

XeCl laser - 308nm
spectral/temporal
Percussion & CPT

Nd:YAG laser - 532nm
spectral/temporal
Percussion & CPT

broadband white light
reflectance
Percussion & CPT
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Target

fuels/oils containing low
to moderate PAH

fuels/oils containing low
to moderate PAH

coal tars/creosotes
containing moderate to
heavy PAH

Munsell soil color, soll
class, ???
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Q: why do environmental investigators “chase” NAPLs
such as fuels, oils, creosotes, coal tars?

A: they contain bad actors (polycyclic aromatic hydrocarbons)
* ingestion or dermal exposure risk
* capable of long term sourcing of aromatics to groundwater
1

“drops of
- coal tar

‘ clean sand

5

biota from
clean soil/groundwater

Y O
same biota on PAHS!
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LIF Method

Self-supported
laser-lab, generator
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1-2" data spacing
maps every detail

Works in vadose and
saturated zones

Signature

Product signature
_||at every data point| || -

[ - Signature

S‘igno’rure

itive color coding =
quick plume ID ——-| Tme(ny

Signature

Time (ns)
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fortunately all PAH non-agueous phase liquids or NAPLSs

fluoresce
PAH fluorescence is a way to detect them by their “glow”
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fluoresce

2

%

5
;

crude oil diesel

what LIF “sees” what LIF “sees”

what we see under UV excitation
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basics of Optical Screening Tools
(Dakota designed LIF systems)...

« spectroscopic (light-based)

« sapphire-windowed probe head requires
“direct push” delivery
— dynamic (Geoprobe® AMS)
— static (CPT)

 |og fluorescence of a fuel's/oil's PAHSs vs
depth during penetration

* measurements penetrates into formation
only as deep as light can (not very far!)

windowed probe - percussion windowed probe — submerged derrick windowed CPT “sub” above CPT
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LIF Optical Screening Tools eakout
combined with direct push Sl umbilical box

remote
display

string
pot

y rinter
LAN  PC P
- )
. splitcap
rods -) fiber H [
flucrescence is spectlly separated
fluorescence (white-fo-rainbboow), converted o voltage
laser travels down fiber fravels back up fluorescence  displayed, stored
and exifs sapphire window second fioerto be  arives back vs depth - =
‘ striking soil and/or NAPL analyzed uphole oating
A A - &t Il

if fuel/oil in pore spaces
their PAHs are excited by laser o |2 3
and they emit broad colors '
of fluorescence or "white light"
much less intense than laser
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[\ - -

Time (nanoseconds)

Light Intensity
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LIF Optical Screening Tools and direct push

breakout
umbilical bot\' :ﬁm?te
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UVOST 7 . -

i laser
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&e-deck A printer

lit cap
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OSTs are deployable under wide variety of platforms and conditions
* Geoprobe®, PowerProbe, CPT, even drill rigs (in soft materials)

* on-shore, off-shore, ice, bogs, sediments, tar pits, settling ponds

* rain, snow, sleet, sun, wind, hot, cold... with “100 % recovery”
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UV LIF (this training’s focus) detects...

almost any other PAH-containing NAPL like:

Reliably
*Gasoline (highly weathered and aviation yield is very low)

* polychlorinated bi-phenyls (PCB)s — due to internal heavy atom effect
* chlorinated solvent DNAPL — aliphatics lack aromaticity (no ring-shapes)

» dissolved phase PAHs
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LIF compatible sites
most PAH-NAPL sites

Leaking underground storage tanks
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The Spectroscopy Behind LIF

the light interaction behavior of
polycyclic aromatic molecules

and the non-agueous phase liquids
(NAPL) in which they dwell
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structure of aromatics allows the “magic”

one or more planar sets of six carbon atoms that are connected by delocalized electrons

delocalised
orbital clouds

Benzald& ] Huaranthene Benzal 4] Huoranthene Eenzaol 4] Huoranthens

S5 o1 ga'e

Benzol#]purens Benzo[ & pyrens Ferylene

Anthanthrenes Benza[ g4 perylens Indena[1,2,3- o Jpyrens

PAH Structures
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http://upload.wikimedia.org/wikipedia/en/7/7c/NASA20050627a_PAH_molecules.jpg
http://upload.wikimedia.org/wikipedia/en/f/f8/Benzene-orbitals2.png

fluorescence spectroscopy

spectroscopy — study the interaction of light with matter

fancy quantum mechanics “stuff” determines behavior
molecules absorb light — might shed that energy by emitting light

aromatic (ring-shaped) molecules excel at this

energy (wavelength/frequency/wavenumber) of each photon emitted depends on

which energy level it was at prior to “launch” of a photon

Jablonski Energy Diagrams
H{ﬂher Ener?y and
- \/ibration States

—=—Lowest Singlet
\ Excited State

. ¢ - — Forbidden
. Transition

* s to the

Triplet State

Ground State (S)

Fluorescence Phosphorescence Delayed :
P Fluores%ence Figure 1

note to “brainiacs”: purchase Joseph R. Lakowicz’ “Principles of Fluorescence Spectroscopy”, 3" Edition
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fuels/olls are complex mixtures containing
dozens or hundreds of various PAHs dissolved
In many non-fluorescent solvent molecules

100000

O Kuwait Crude
H No. 2 fuel oil
O Bunker C residual oil

10000

1000

mg/kg (log scale)

100

/.

log scale!
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Kow at 25°C
. log (mg/L)
Compound (C.A.S.N°) 125 Kow B = 1780
0 T=535
1250 E =161
X =150
naphthalene (91-20-3) 1 128.16 3,162 3.5 31.7
acenaphthene (83-32-9) a 154.21 19,952 4.33 3.42
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PAH'’s great preference for organic solvent
affects its chemistry and behavior

» weathering 2l
* sourcing 2B P
* recalcitrance cleansand [ coaltar
 analytical results |
» fluorescence

(PAHs need a -

phase PAHs

solvent to be
efficient)
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poly-cyclic aromatic hydrocarbons (PAHs) found in all petroleum, oils, lubricants

are responsible for their innate fluorescence

emission spectrum is unique for a pure PAH — spectrum does not change with excitation wavelength
because the PAH has no memory of how it got excited, it just fluoresces

eneral Fluorescence Properties
Spectrum (color or energy distribution)

perylene

Absorption Fluorescence

ROYG B IV Wavelength (nm, nano-meters) —>

< Energy

e
Ultro-Violet Visible
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>

fuels contain 100s of PAHs
their spectra overlap so you lose ability to identify any one PAH
fluorescence spectra can indicate ‘classes’ of fuels though

Example PAH Spectra
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lifetime or fluorescence decay

fluorescence dies away with time after being pulsed

certain wavelengths of light from various fuels have differing lifetimes
that help us differentiate the fuels from each other

eneral Fluorescence Properties

Temporal (time-decay waveform)

perylene

absorption of

pulsed laser decaying emission of energy

hotons in the form of photons
& ™ e (fluorescence)

waveforms

from
oscilloscope

Time (nano-seconds, Ns) —»
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emission spectra for typical fuels
note the spacing of the 4 UVOST LIF system filters

308nm-excited fuel spectra

350+ 20nm 400+ 20nm 450+ 20nm 500+ 20nm

— Creosote

—Diesel

— Jet
Gasoline
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wavelength-time matrices of fuels

each mix of PAHs (and their aliphatic solvent, oxygen concentration, matrix, etc.) yield a fairly unique
wavelength/time matrix called the WTM - fuels/oils have a unique and characteristic WTM

most fuel types look similar to each other under “normal” conditions — so identifying fuels/oils as this or that
is usually straightforward... kerosenes (jets) look like other kerosenes, diesels like other diesels, etc.

Creosote Diesel

&

Intensity (V}

e e o
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z
g
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Gasoline

Intensity (V)
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multi-wavelength waveforms of OST systems

- capture fluorescence channels
full resolution WTM with optical fibers

select 4 key
wavelengths

delayed fluorescence pulses arrive at PMT

and are recorded with oscilloscope optically delay

fluorescence pulses

multi-wavelength waveform

350 nm

400 nm

Intensity (V)
g gt (8 ° o o
a S & & &
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multi-wavelength waveforms of common NAPLS

WTMs Waveforms

, Creosote:
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multi-wavelength waveforms
OSTs create “shorthand” version of WTM

3D illustration of diesel's diesel's multi—wavelength

fluorescence emission waveform /7////7@
350nm 400nm 450nm 500nm /l?

=
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Note: Diesel Taw: 10.5 22.1 38.5 34.7

Range:3.30-4.10 ft Signal 203.6 *oRE (s 4.1)

4—— 320 nanoseconds—p
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Colorization of UVOST/ROST Waveforms

Dakota's UVOST colorization scheme uses RGB calculations of the relative
areas of the 350, 400, 450, and 500 nm channels to generate RGB fill color.

The RGB color model is an additive model in which red, green, and blue
350 400 450 500 are combined in various ways to reproduce other colors.

Callouts Depth (ft) Signal (%RE) 350 400 450 500
T 0.0 ——

38% 82% 100% 62%

38% 82% 100% 62%
350 400 450 500

A

0, 0, 0, I"‘ ! ; -
73% 83%  100% e .‘ 100% 79% 47% 25%

resulting : to l B
fill color 100% 79% 47% 25%

100% 92% 59%
| 300 —
UVOST By Dakota 4 ™,
Sample wwwv.DakotaTechnologies.com
Site: Latitude / System. Final depth:
Fargo, ND 42 32.043043 N/NAD83 38.39 ft h. 4
Client; Longitude: Max signal. +
ABC Consulting 096 32.560083 W 4% @11.23 1t resu”l ng
Dalota Technolo . Inc - :
Farqe  ND (70 1nca | Job: Operator/Unit: Date & Time.
Wol 2xkoreTarns en  NA St. Germain/DTIO1 6/16/2006 3:20:49 PM fl“ COlor
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UVOST/ROST Logs vs NAPL/Location

Fluorescence Intensity

NAPL Contaminated Soil Column > "Callouts"
o :E 2 [Signal (%RE)] or waveforms
] g 8 ; RE
(=] g 8 8]
-
> :5':'_
: T time (ns)

o= 1 Unsat'd Perched Diesel (LNAPL)

Vadose Vapors
(VOCs and SVOCs)

-
|
\
[
\
|
volts
| ! L

time (ns)

Dissolved Phase
(VOCs and SVOCs)

Depth (ft)

volts

NAPL Pore Saturation

Sat'd Trapped Diesel (LNAPL)

time (ns)

l

time (ns)

volts

>

(Dark Grey)

semi-quantitative qualitative

Low Permeability

100
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Pure PAHs on UVOST

Callouts

O

7.6 %RE (s 0.9)
Fluorene |

Callouts

250 4

Signal (%RE) 350 400 350 400 450 500

..

450 500 Signal (%RE)

200
150 o

100

|
(109.1 %RE (s 0.5)
Chrysene

201 i / 1 & \
;OSiW\REﬁ) ’u J I) M "

I

i (
4(5:\ «\‘; )>

[90.9 %RE (s 1.0) ()
Pyrene

Naphthalene

é
¥ (s 1. TIT.S%RE (5 0.9)
I | Fluoranthene

T07.1%RE (5 0.6)
dimethyINaphthalen

>
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T T ] 3 tr
I \
200 |
3y
200 [ y»
N I
706.5 %RE (s 0.5) TIZ9 %RE (5 4.4) |
Anthracene Benzo (a) pyrene \\
4 I8
% = | 3
00 4
O - |
1 b I
116.0 %RE (s 1.1) [
Phenanthrene s ]
S N T - " T 20 40 60 80 100 120
= UVOST By Dakota UVOST B Dakota
PAHS el e F’AHS b il
Site: Y Coord.(Lat-N) / System: | Final depth. Site: Y Coord.(Lat-N) / System: Fmal depth
Unavailable / NA Unavailable / NA
Client/ Job: X Coord.(Lng-E) / Fix Max signal: cnem /Job. X Coord.(Lng-E) / Fix: Max signal:
DAHhEE;II-é / Unavailable / NA 119.8 %RE DAH!I%EI-BII-Q Unavailable / NA 119.8 %RE
FarGD, ND —a1.237.a9as | Operator/ Unit; Elevation: Date & Time: FarGD, ND i e Operaror/u/m Elevation: Date & Time:
www, DAk TATEGHNG Losis.aom | | UVOSTO1 Unavailable 2012-01-18 10:37 CST weww B Akt AT s | | UYVOSTO] Unavailable 2012-01-18 10:37 CST



>

Range:0.90 - 1.80 ft Signat 105.8 %RE (s 1.5)

Range:0.00 - 0.80 ft Signal 97.6 %RE (s 0.9)

Log/C: PAHs fIC3 Note:  Dimethyinaphthalen
Range:2.00-2.70 ft Signal 107. E (s 0.6)

DAKOTA

TECHNOLOGIES

s on UVOST

Range:3.90 -4.80 ft Signar 115.9 %RE (s 1.0) (I

Range:7.00-7.80 ft Signal 90.9 %RE (s 1.0)

Range:2.90 - 3.70 ft Signal 106.5 %RE (s 0.4) LT

Range:5.90 - 6.70 ft Signa 117.8 %RE (s 0.9)

Range:5.00 - 5.70 ft Signal 109.1 %RE (s 0.5)
Log/C: PAHs fC4 Note: Benzo (a) pyrene
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s0.... this slide maybe makes better sense now?

crude oil diesel

what LIF “sees” what LIF “sees”
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UVOST waveforms of various NAPLS

wet Fisher sea sand saturated with various NAPLS

Signal (%RE)

350 400 450 500 |Rate (inls)

Callouts

3007

[Depth (ft)
F0.0

|

S S

'\

{1 PR A

A

|
|

\J{

2'3:%)'

I

'

[N

A

i

|

UL

s T Tes

Varlous products on sand

UVOST By Dakota

wiw DakotaTechnalogies com

Site: Latitude / Datum: Final depth:
| Examples Unavailable /| NA 47.10 ft
‘ Client: Longitude / Fix: Max signal:
Dakota — - e f DTI Unavailable / NA 826.6 % @ 33.20 ft
oy 701y2a7-2509 | JOD: Operator/Unit: Date & Time:
S DatetaTachnaloatcs com | T.Rudolph/UVOST1002  |2007-08-24 14:25 CDT

>
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Callouts

Depth (ft)
0.0

Signal (%RE)

350 400 450 500 Rate(in's)

200

100

J 30.04
I

il

.

I

T
I,IC LJhLJ'\I\I}U\

Synthetic 0il 5w30

ey

0
Site:
Examples
Client:

Various products on sand

UVOST By Dakota

wean Dakota T echnologies corm

Latitude / Datum: Final depth:
Unavailable / NA 47.10 ft
Longitude / Fix: Max signal:
- DTI Unavailable / NA 826.6 % @ 33.20 ft
Pf-'uk otwTech et ,,:~.'.255 Job: Operator/Unit Date & Time:
wwh:DaxoleTechnolg extvom T.Rudolph/UVOST1002 | 2007-08-24 14:25 CDT
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UVOST waveforms of various NAPLs

Callouts Depth (ft) Signal (°6RE) 350 400 450 500 Rete(in's) Callouts Depth (ft) Signal ("/oRE) 350 400 450 500 Rate (inis)
0.0 -0.0

4007 I

=

[I

il

“[1

4
.

200 i | L35.0]

1001 r45.04

oo T 300 0 a5
Various products on sand UVOST By Dakota

wvaw Dakotalecnalogies com
Site: Latitude / Datum: Finai depth:
Examples Unavailable / NA |47.10 ft
iy Client: Longitude / Fix: Max signal:

10 300 0 a5
Various products on sand UVOST By Dakota

wivaw DakotaTectnologies corn

Site: Latitude / Datum: Finai depth:
Examples Unavailable / NA 47.10 ft
Client: Longitude / Fix Max signal:

=== DTI Unavailable / NA 826.6 % @ 33.20 ft e DTI Unavailable / NA 826.6 % @ 33.20 ft
Dakota Technologies. Inc. : - s Dakota Technologies. | .6 % 3
argo 7a1)237-2308 | JOD! Operator/Unit: Date & Time akota Technologies. Inc. : T =
Gy DRKGHaTSsHnoIg ok com T% dolph/UVOST1002 | 2007-08-24 14:25 CDT Fargo, WD (s01)237-¢508 Job: Operator/Unit: Date & Time
=008 oln T8 wewDukstaTaskinolonionsesi T.Rudolph/UVOST1002 | 2007-08-24 14:25 CDT
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UVOST waveforms of various NAPLsS

Callouts Signal (%RE) 350 400 450 500 Rate(inis)
-0.0

T By Dak

Tecrmologl
Latitude / Datum:
‘Unavailable / NA |

Longitude / Fix:
U ilable / NA
Dakota Technologies. | havatlable
Farge. ND (701)23
www . CakctaTechnolagic
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UVOST waveforms of various NAPLs

Jet/Kerosene

Tau 175 163 152 106 Kerosene, KS Tau 268 383 324 140 Jet Fuel, CA Tau 87 675966
Range 0.30 -0.80 ft Signal 45.9 %RE (s 1.0) %RE (s 34) Range 120 -1.90 ft Signal 7.6 %RE (s 1.0)

Calculated

Gasoline

ignal: 30.2 %RE (s 7.8) 1nge6.37 - 6. Signat 60.2%RE (s 34.4) —y 2 Signat 34.1 %RE (s 16.1)

Diesels

note:  Diesel, FL. Tau 135 264 300 452 ote: Diesel, South Korea Tau 9.6 18.9 22.2 38.2
ange 4.65 -5.09 ft Signal. 269.6 %RE (s 37.9) 8 X 41.6 *+RE (s 45.9)

Oils

note:  Crude Oil, nd Tau 43 668694 ‘ Note Crude, MN Tau 32436064 i Tau 149 384 456 457
Range 37.10 -37.90 ft Signal: 127.1 %RE (s 1.6) ange 4. .4 signal 140.6 %RE (s 1.5) Range:33.30-34.10 ft signal 811.9 %RE (s 6.3)
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LIF calibration

Dakota’s systems calibrated with a known reference material
(single point calibration)
similar to calibrating a photo-ionization detector (PID) with 100ppm isobutylene
Dakota has used same “reference emitter” (RE) material since 1994
RE is placed on window just before each/every sounding
all subsequent readings are normalized by the reference emitter response
(data is ultimately displayed as %RE)
this corrects for change in optics, laser energy drift, window, mirror, etc.

RE approach is used by all ROST and UVOST providers globally

the correct shape of waveform also allows checking the qualitative aspect of the fluorescence
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UVOST’s Reference Emitter or RE
(RE does NOT stand for REflectivity!)

» think of RE just as you would of the 100 ppm
iIsobutylene used to calibrate a PID

 the RE normalizes the response for laser energy
changes, fiber optic cable length, detector aging, etc.

* the same RE solution is used by all UVOST and ROST

providers

» Dakota has a large stockpile of the material which was

prepared from standard ingredients

* the relationship between RE and the concentration of

NAPL

* it depends on the fuel/oil, some simply glow brighter
than others

C‘) DAKOTA

TECHNOLOGIES
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Reference Waveform
(from reference emitter)

fluorescence

vV area v
20,000 pVs

Rew Waveforms Normalize by reference emitter signal

light
contamination —>  (200/20,000) x 100 = 1.0 %RE

e O S .\
200 pVs

medium p
contamination [\ [\ —S (10,000 / 20,000) x 100 = 50 %RE
710,000 pVs

heavy 1 K |
contamination 4 K —> (20,000 /20,000) x 100 = 100 %RE

20,000 pVs

Final Result: Signal (%RE)
(the X scale on the FVD logs)
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lab studies: mix fuels with soils to demonstrate how LIF yields
‘semi-quantitative’ data

neat 84,0564 ppm 9,942 ppm 1,134 ppm 348 ppm clean site

diesel diesel

Callouts Depth (ft) Signal (%RE) 350400 450 500 Rate (infs) Callouts Depth (ft) Signal (%RE) 450400 450 500 Rate (infs)
= 0.0 —Tr 0.0 250300350500

300- e o

20 how bright ~= how much

100- >

7.2 - 4.1 [L
11,2 3kE (3 0.8)

200-

3.2 - 4.1 1L
169.1 ks (2 2.5)

>
=
0
c
()
4
=
-
(]
(&)
(7))
©
()
x
—

autoscale intensit

65 , . : 65— : '
0 100 200 0.5 1 | 2.5

i UVOST By Dakota . i UVOST By Dakota
Diesel14000pvs ebiee ot fia Diesel14000pvs A et
Site: Latitude / Datum: Final depth: Site: Latitiscle / Datum. Final depth

i INA 6.10 ft Unavailable { NA 6.10t
Client: Longitude / Fix: Max signal: Client: Longitude / Fix: Max signal:
L i INA 349.8 % @4.20 ft N |Unavailable  NA 349.8 % @ 4.30 ft

Job: Operator/Unit: Date & Time: D Tt s | Job. OperatarUnit Dare & Time:
/UVOST1002 2007-07-24 10:15 wma. DakolaTochrolog " JUVOST1002 2007-07-24 10:15
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LIF contains both quantitative (how much)

and qualitative (what kind) of data
kerosene (jet fuel) gasoline

Callouts Depth (ft) Signal (%RE) 250400 450 500| Rate (in/s) Callouts |Depth (ft) Signal (%RE)
r 0.0 - F0.0

350 400 450 500| Rate (in/s)

0 150 0.5 0.0 10.0 i 4 £ 50.0 0.5

UVOST By Dakota i UVOST By Dakota
kerosene vavin Dumla‘s:'moggwss com Gasoline wen DakoleTechnologies.com
Site: Latitude / Datum: Finai depth: Site: Latitude / Datum: Final depth.

Unavailable / NA 6.10 ft Unavailable / NA 5.40 ft

Client: Longitude / Fix: Max signal. Client: Longitude / Fix: Max signal.
| Unavailable / NA 144.4 % @ 5.70 ft == Unavailable / NA 53.9 % @ 5.40 ft
Dakota TEch"OEO,g'ES 'nc Operator/Unit. Date & Time: Eilﬁot.‘auucn"otﬁg son | JOD! Operator/Unit: Date & Time

/UVOST1002 2007-07-24 16:35 Nparakoleteahnekd | /UVOST1002 | 2007-07-25 14:49 CDT
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crude oil “rollover”

crude oil

more lab studies
too much fluorescence (saturation)

diesel

Callouts Depth (ft)
0.0

Signal (%RE)

Callouts

|Depth (ft)
r0.0

Signal (%RE)

350400 450 500| Rate (in/s)

]

400+

200

neat crude

350400 450 500| Rate (in/s)

besd
0

50

200 05

UVOST By Dakota
v D m

Latitude / Datum
Unavailable / NA

Final depth.
6.10 ft

Client.

Dakot"a' TGChﬂO!O{gI’ES' Inc Job.

ww.DakolaTechnologice

DAKOTA

TECHNOLOGIES

( ‘ MadsonCrudeOil
3 Site:

Longitude / Fix
Unavailable / NA
Operator/Unit
/UVOST1002

Max signal.

205.1 % @ 4.10 ft

Date & Time
2007-07-25 14:57 CDT

20

waveform

“morphing” |

5571
0

MR

0.5

Diesel40000pvs

UVOST By Dakota

vaen DakataTschnologies.cam

Site: Latitude / Datum:
Unavailable / NA

Final depth
5.00 ft

<>

Dakota Technnln iEs. Inc
ND

T DakalaTashn ot ia astsem |

Client: Longitude / Fix:
Unavailable / NA

| Job: Operator/Unit:

/UVOST1002

Max signal:

329.6 % @ 5.00 ft
Date & Time:
2007-07-24 15:12
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UVOST’s “semi-quantitative” performance

typically 10-1,000 ppm (TRPH) limit of detection (LOD) on petroleum fuels/oils - statistically in a
controlled experiment — up/down from there depending on heterogeneity

gasoline is difficult — it evaporates in jars and during pipetting, etc. and simply glows “weaker” than others
semi-linear response over several orders of magnitude on fuels/POLs (depends on soil/fuel/conditions)
note the non-monotonic response of crude — due to high PAH content and resulting signal “rollover”
variability has been seen across gasolines, kerosenes (jets), crudes, diesels (two fuels of same type)
generally speaking diesel is best behaved — gasoline and kerosene can be 10-fold lower

these lab experiments “underestimate” practical field sensitivity because in downhole NAPL is mottled,
these lab soils were mixed/equilibrated so NAPL coats ALL sand grains equally, this doesn’t often occur
in nature as one will hit globules/seams/mottling, even on very small scales (marbling/blebs)

note that the LOD for PAHs themselves (mg/kg) is much lower than it seems at first glance — since we’re
measuring total fuel mass here (mostly aliphatics) — not PAH mass

Various Fuels/Qil on UVYOST

—
w
o
=
<
@
Q
c
@
3]
@
@
P
o
)
i

1000 10000 100000 1000000
Conc. (ppm)
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soll type (pore spaces) affect the
LIF response

UVOST’s response depends on “optically available” NAPL pressed against the sapphire

window. Response decreases as particle size and soil color decreases. Tiny particles

1£Ihigh surface area) help “hide” the NAPL and dark soils help “sink” any resulting
uorescence.

There can easily be a 10-fold difference in response due solely to soil matrix!

 Enhanced responses in:
— course “clean” sands with open pore spaces
— light colored soils help reflect resulting emission back into window

Degraded responses in:
— fines/clays
— dark colored soils absorb resulting emission

soils pore spaces saturated with diesel
various soil types have various fluorescence intensity

<> DPAKOTA EP| — October 2012
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soll matrix effects
varies the fluorescence intensity

it's simply the optics of soil grains and pore spaces
big pores make more dye (PAH) available to the light and to the camera’s lens
(same with fluorescence of fuel/oil)
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what does this guantitative variation
mean for field logs?

LIF is fairly quantitative
when it comes to one
NAPL type at a simple site
with simple geology, but
multiple products under

going to be differences in
response

but same is true for
geologist who can spot
NAPL in sand much better
than fines... test yourself

MN — Service Station - 2 NAPLS
(oil or weathered gas on top.... intact gasoline bottom)

<> DPAKOTA EP| — October 2012

complex geology... there's
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false positives/negatives

most have short lifetimes and look “odd” vs target fuel/oil

Previously observed positives [weak 1-3% RE, medium 3-10% RE, strong >10% RE]
sea shells (weak-strong)

paper (medium-strong)

peat/meadow mat (weak)
calcite/calcareous sands (weak-strong)
asphalt (very weak)

stiff/viscous tars (weak)

certain soils (weak)

tree roots (weak-medium)

sewer lines (medium-strong)

coal (very weak to none)

quicklime (weak)

Previously observed negatives

extremely weathered fuels (especially gasoline)

aviation gasoline (weak)

coal tars (most)

creosotes (most)

“dry” PAHSs such as aqueous phase, lamp black, purifier chips, “black mayonnaise”
most chlorinated solvents

benzene, toluene, xylenes (relatively pure)

<> DPAKOTA EP| — October 2012



false positives/negatives
most have short lifetimes and look “odd” vs target fuel/oil

Calculated Color: Calculated Color: Calculated Color

Note: Sand, HI Tau 44 47 5254 Note: Sand, Dubai Tau. 353941 45 Note: Tree Root, MI Tau: 29 31 31 34
Range 7.01-833 ft Signal: 22.5 %RE (s 4.7) Range5.29 -8.24 m Signal 23.8 %RE (s 1.5) Range 1.64 - 1.86 ft Signal: 5.1 %RE (s 1.5)

Calculated Color: [ | Calculated Color: [L ] Calcuated Color. ||

Note:  Normal Background Tau 24 6.0 3943 NA Taw 7.3 38 49 6.0 Trace Diesel on Noise Tau 157 30.6 304 206
Range13.49 -17.22 ft Signal: 0.1 %RE (s 0.0) anal 1.3 %RE (s 0.2) Range:7. ft Signal: 2.6 %RE (s 1.1)

Calculated Color: Calculated Color: Calculated Color:

Note:  Biodiesel, MN Tau 4.4 6678 8.0 Note: PAHs in Pore Water Tau 5.0 666259 Note:  Faulty Triggering Tau. 9.0 3938371
Range 1.30 -1.90 ft Signal: 108.7 %RE (s 1.2) Range:3.00 -3.90 ft Signal: 20.4 %RE (s 0.2) Range:10.45 - 1251 ft Signal: 2.7 %RE (s 1.6)

<> DPAKOTA EP| — October 2012
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false positive — calcareous sands

often context of the site or entire log helps “make the call”

100

Lﬁ

0.43-0.71ft
12.8 %RE (s 7.0)

466-5.97f
0 %RE (s 78.5)

7.87-8.09ft
13.0 %RE (s 3.6)

-

?14,0' e

E fuel

Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Rate (inis)
F10 T T T
300 f 5
4
200 3

200

FaRGD, ND
e, D AR TATEGH NG LOGIES,

>

—»o1.237.a9as | Operator/ Unit:
oo | St. Germain / UVOST1000

DAKOTA

TECHNOLOGIES

100 300
UVOST B Dakota
‘Sample Data i i el
Site: Y Coord.(Lat-N) / System: | Final depm‘
Fargo, ND 46 54.430700 N / WGS-84 |13.78ft
A | Client / Job: X Coord.(Lng-E) / Fix: Max signal:
” 9
HNUI.DBIEE |ABC Consulting 096 47.753700 W/ DG-3D |308.0 %RE @ 5.16 ft

Elevation:
Unavailable

| 2010-03-29 21:09 CDT

Date & Time:

RE

Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Rate (inis)
F10F . . — 1
™ T i
200 t i i
T £ i
L20 T |
100 P ' i
t o i
> 1

100.0 %RE

Background

0.4 %RE

3.45-4.63 1t
4.7 %RE (s 1.2)

571&&

6.11-7.20ft
3.6 %RE (s 0.6)

«  clean

0 (
; g
© £13.07 N
i [ 70 f
9.34-10.17 ft J
8.5 %RE (s 1.5) 1 d
1407 e e I I
0 100 200 300 1.0
UVOST B! Dakota
‘Sample Data e dla) A
Site: Y Coord.(Lat-N) / System: Flnal deprh
Fargo, ND 46 54.430700 N / WGS-84 |13.86 ft
D AKDT A Client/ Job. X Coord.(Lng-E) / Fix: Max signal.
HNOLOGIES |ABC Consulting 096 47.753700 W/ DG-3D |10.6 %RE @ 11.59 ft
FarGD, ND ~o1.237.a9as | Operator/ Unit: Elevation: Date & Time
wwwn DaknTATEGHNG LaGics.aam | §t. Germain / UVOST1000 | Unavailable 2010-03-30 15:48 CDT
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logs from previous slide (calcareous sands)
help solve this “head scratcher”

Callouts Signal (%RE) 350 400 450 500 [Rate (inis)
1.0 —

\

s fuel staining

Background
0.1 %RE

|

8.0 %RE (s 2.3)

T4 5041t
24.6 %RE (5 7.0)

i\
8.49-9.06ft
10.0 %RE (s 1.9)

2.0
UVOST By Dakota
v DakotaTechnolog com
Y Coord.(Lat-N) / System: | Final depth:
46 54.430700 N/ WGS-84 | 14.06 ft
Client/ Job: X Coord.(Lng-E) / Fix: Max signal:
TR NG Eciiis ABC Consultin 096 47.753700 W/ DG-3D | 33.2 %RE @ 4.75 ft
Farco, ND 701.227.a00s | Operator / Unit: Elevation: Date & Time:
| www.DakoTATecHNO OGIES.cam | §t, Germain / UVOST1000 | Unavailable 2010-03-31 17:52 CDT
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the “shark’s fin” in a “sand box”

recent LNAPL saturation/recovery theory reflects what LIF logs (in
homogeneous lithology) have shown for years

http://www.clu-in.org/conf/itrc/lIuLNAPL/
http://www.clu-in.org/conf/itrc/LNAPLcr/
http://www.dnr.mo.gov/env/hwp/docs/Inaplbasics.pdf

Coal Tar

LNAPL Saturation/ Transmissivity Diesel
LNAPL phase
Vertical Depth (1) Signal (%RE) S e e

equilibrium

(VEQ)
AR e el conditionsina
the highest LNAPL sand tank
conductivity

Low LNAPL saturation
results in low LNAPL
conductivity

The zone of highest

Hydraulic recovery rate
is proportional to
transmissivity for a
given technology ‘
Well thickness does not Saturation

dictate relative shark fin
recoverability

50 100 150

uorescence (%RE)
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http://www.clu-in.org/conf/itrc/iuLNAPL/
http://www.clu-in.org/conf/itrc/iuLNAPL/
http://www.clu-in.org/conf/itrc/iuLNAPL/
http://www.clu-in.org/conf/itrc/LNAPLcr/
http://www.clu-in.org/conf/itrc/LNAPLcr/
http://www.clu-in.org/conf/itrc/LNAPLcr/
http://www.clu-in.org/conf/itrc/LNAPLcr/

field log example

Callouts Signal (%RE) 350 400 450 500 |Rate(inis)
0.0 e i

5.32-6.381ft
0.8 %RE (s 0.0)

variation top to bottom - : .
= heterogeneous product Sracens || E=— - S (579 @F EOEr Eele
o | pattern is very common

strange weathering pattern in bulk handling facilities
where many products

R spilled over long periods

35.9 %RE (s 28.0)

17.33- 18811t
9.9 %RE (s 1.3)

Sample Data VOST By Dakota
Site: Y Coord.(Lat-N) / System:
Fargo, ND 46 54.430700 N/ WGS-84 [19.24 ft
D AKDT A Client/Job: X Coord.(Lhg-E) / Fix: Max signai:
R e 1 £ ABC Consulting 096 47.753700 W/ DG-3D | 185.8 %RE @ 12.19 ft
O B
wwiDARDTATEGHND Losies.com | St, Germain / UVOST1000 | Unavailable 2009-09-04 10:02 ADT
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field log example

Callouts

2.24-4.01
0.7 %RE (s 0.0)

consistent top to bottom
= homogeneous product

7420 - 15.60 ft
33.2 %RE (s 5.2)

100.0 %RE

DAKOTA

TECHNOLOGIES

WWWL D AKOTATEGH N

C.) DAKOTA

TECHNOLOGIES

Signal (%RE) 350 400 450 500 Rate(inis)

26.0
0 20 40 60 05 10

Sample Data UVOST ?my Dakota
Site: Y Coord.(Lat-N) / System:
Fargo, ND 46 54.430700 N / WGS-84 | 24.03 ft

Client / Job: X Coord.(Lng-E) / Fix:
ABC Consulting 096 47.753700 W/ DG-3D |72.9 %RE @ 13.23 ft

Far@D, ND —~01.237.a008 | Operator / Unit: Elevation: Date & Time:

sum | St. Germain / UVOST1000 | Unavailable 2008-11-1211:39 EST

EPI — October 2012
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is this a sandbox geology with floating pancake “shark’s fin"?
not so for log at left... these two logs tell you a LOT about geology

Callouts

Doegth (ft) Signal (%RE) 350 400 450 500
= X

Rate {inls)

i Al
1.53 - 5.69 ft
1.5 %RE (s 0.3)

TIAT-12.72 1t
2.5 %RE (5 0.7)

T5.98- 18.91 ft
14.0 %RE (s 17.5)

21.24- 2554 ft
7.4 %RE (s 6.9)

26.40-27.00 ft
7.9 %RE (s 4.5)

cores showed

3

2

o
[=)
= e

Lt

tiny coarse white sand
stringers interspersed in
clayey till

———]
05 1.0

DAKOTA
TECHNOLOGIES

FarRGD, NO 701.237.4908
W, D AKCTATEGH NG LOGIES.G M

Sample Data

UVOST By Dakota

v CakomaTechnolagies com

Callouts

Signal (%RE)

iAo
694-11.03
0.8 %RE (s 0.1)

2070 21.45 1t
18.7 %RE (s 10.4)

2221-2653 1t
18.3 %RE (5 8.1)

|Depth (ft)
[og
[ 783

350 400 450 500 [Rate (inis)

v

just 44 minutes earlier

and 20 feet away....

|

K

»?,u A ,-.W(M'w'vw""ﬂ

w
59
&3

k40,0 e

00 00 200 0o Tavo

5(‘)0 ' 5‘.0‘ 10.0

Site:
Fargo, ND

Y Coord.(Lat-N) / System:
46 54.430700 N / WGS-84

Final depth
33.76 ft

Client / Job:

ABC Consulting
Operator / Unit:

St. Germain / UVOST1000

X Coord.(Lng-E) / Fix:

096 47.753700 W/ DG-3D
Elevation:

Unavailable

Max signal:
87.9 Y

ime:

DAKOTA

TECHNOLOGIES

FarGD, ND

| 2010-10-13 12:36 EDT

Ve, DAKOTATEGH NE L6

Sample Data

UVOST By Dakota

kowTechralogies com

| site:
| Fargo, ND

Y Coord.(Lat-N) / System:
46 54.430700 N/ WGS-84

Final depth
34.33 ft

| Client / Job:
|ABC Consulting

7@1.2z37.a9as | Operator/ Unit:

X Coord.(Lng-E) / Fix
096 47.753700 W/ DG-3D
Elevation:

wenom | §t, Germain / UVOST1000 | Unavailable

Max signal:

Date & Time:
2010-10-13 11:52 EDT

(.) DAKOTA

TECHNOLOGIES
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Advanced Topics

* [Imitations/compications
* LIF's role in NAPL distribution theory
* site Investigation basics

UV LIF's struggle with “*heavies”
(coal tars and creosotes)

<> DPAKOTA EP| — October 2012
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different product waveform? —no - O2 quenching

examples of oxygen quenching for common fuels
technique: bubble N/O2 mix through neat fuel in cuvette

3001
200

Callouts Depth (ft)
-00

7.1 - 27.6 ft
195.5 $RE (s 11.0)
N2 purged

3007
2004

1004

29.4 - 31.2 ft
63.3 SRE (3 2.5)
Equlibrated Air

Signal (%RE)

350 400 450 500 [Rate (inis)

Callouts

0 50

200 05

DakotaT ies, Inc.
argo, ND ch 'mna Job:

UVOST By Dakota

www.DakotaTechnologies.com

Latitude / Datum:
46 54.430700 N / WGS-84

Final depth:
41.90 ft

Client:
ABC Consulting

Sample Data
) Site:
Fargo, ND

Longitude / Fix:
096 47.753700 W/ 3D

Max signal:
229.3 % @ 41.90 ft

akotulechs

Operator/Unit:
St. Germain/UVOST1000

Date & Time:
2007-03-27 09:45

200
100

27.0 - 38.4 ft
137.2 3RE (s 2.9)
0% 02 (W)

Qb

Dakota Technolugles Inc

e B TaETY

F45.01

Depth (ft)
£00

Signal (%RE)

350 400 450 500 Rate(inis)

0

50 100

Kerosene_20_10_0_PercentO3

150 05
UVOST By Dakota

e DekolsTechnolagies coim

Site:
Lab

Latitude / Datum:
Unavailable / NA

Final depth:
40.00 ft

Client:
DTI

Longitude / Fix:
Unavailable / NA

Max signal:
145.0 % @ 35.00 ft

Job:

Operator/Unit:
TLM/UVOST1002

Date & Time:
2007-09-07 14:20 CDT

>

customer’s NAPL from a well - 2005

EPI — October 2012
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examples of oxygen quenching for common fuels
technique: bubble N/O2 mix through neat fuel in cuvette

Callouts Depth (ft) Signal (%RE) 350 400 450 500 Rate (inis) Callouts Depth (ft) Signal (%RE) 350 400 450 500 Rate (inis)
0.0 00

F

5.9 - 10.6 ft
34 5 $RE (s 1.6)

20% 02

P
¢_....._......;.»....»H|
A nicnn st

v

My
/W\/,’\-fﬂ A Nv‘*udv‘.[r"

o
A

Y

(N

A
eV

WAL

+2 3RE (s 3.3)

0% 02 (M) L4504

0 50 { 05 0 50 100 150

Diesel_20_10_0_PercentO2 WO T o) Dot ‘Gasoline_20_10_0_Percent02 s Ry Lk
Site: Latitude / Datum Final depth Site. Latitude / Datum: Final depth:
Lab Unavailable / NA 40.00 ft Lab Unavailable / NA 40.00 ft

Cllenr Longitude / Fix: Max signal. Client: Longitude / Fix: Max signal.
Unavailable / NA 139.7 % @ 31.30 ft DTI Unavailable / NA 178.8 % @ 37.90 ft
'.:)i'ﬁm.ﬂ,.r“hmmgms !,',}fb Job. Operator/Unit Date & Time: D,a:f"t,a el 5 : Operator/Unit: Date & Time:

www Dukots Technologice com TLM/UVOST1002 2007-09-07 13:28 CDT W Dakots Teohaag e som TLM/UVOST1002 2007-09-07 14:02 CDT

diesel from pump gasoline from pump
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weathering (NAPL’s nemesis)

starring “The Chameleon” of LIF... gasoline

why Is gasoline the chameleon?

e starting out low on PAHSs
* very volatile and ‘solvent’ easily lost
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DAKOTA

TECHNOLOGIES

fresh fuels in wet sandy soil in jars
Signlal(“/oRE) 350 450 500

100.4 %RE (s 1.5)
RE

2.10-3.80ft
35.6 %RE (s 6.7)
Gas 1 fresh

4.20-5.10
390.2 %RE (s 5.6)
Diesel 1 fresh

6.10-7.70ft
71.4 %RE (s 1.1)
Kerosene fresh

DAKOTA

TECHNOLOGIES

Www.DAKOTATECHNDOLOGIES.

Unavallable/NA 3

cnem/ Job: X Coord.(Lng-E) / Fix:
Unavailable / NA

FaroD, ND 701.237.4908 Operator/Unlt Elevation:
s / UVOSTO1 Unavailable

EPI — October 2012

Max signal:

444.1 %RE @ 5.00 ft
Date & Time:
2011-11-14 15:05 CST
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DAKOTA

TECHNOLOGIES

1 week of open jars

Callouts Signal (%RE) 350 400 450 500

0.30-1.80 ft
102.6 %RE (s 1.5)
RE

220-3.70ft
48.5 %RE (s 9.3)
Gas 1 wk

4.20-5.80 ft
358.4 %RE (s 47.8)
Diesel 1 wk

630-7.70ft
61.0 %RE (s 0.9)
Kerosene 1 wk

9.0 ;
0 100 200 300 400
Sa

1 Water-Fuel 1 wk
Unavailable / NA
DAKDOTA Client / Job: X Coord.(Lng-E) / Fix: Max signal:
/ Unavailable / NA 536.6 %RE @ 4.00 ft
ano PHNOLOGIES | Toperator/ Unit: Elevation: Date & Time:
www.DaxaTATECHNGLAGES.Gav | | JVOSTO1 Unavailable 2011-11-14 14:56 CST

EPI — October 2012
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N 3 weeks of open jars
extreme conditions!! (gasoline jar went dry and had to be rewetted)

300

\
200 I
i

100 1

A

010-1.70ft
124.5 %RE (s 2.1)
RE

SN
510-370ft 1
82.3 %RE (s 1.0)
Gas 3 wks i
/

430-570ft
507.0 %RE (s 13.9)
Diesel 3 wks

300
200

100 -

6.30 - 7.80
123.0 %RE (s 2.0)
Kerosene 3 wks

9.0
0 200 300

' 15-5-5 Sand-Water-Fuel 3 wks By Dakota
Y Coord.(Lat-N) / System: | Final deptl
Unavailable / NA 7.90 ft
DAKOTA X Coord.(Lng-E) / Fix: Max signal:
/ Unavailable / NA 590.3 %RE @ 5.10 ft

ano PCHNOLOGIES | Toperator/ Unit: Date & Time:
worw.DaeTATerHNELamEs-ean | RWS | UVOSTO1 Unavailable 2011-11-28 10:07 CST
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4 weeks of open jars

Callouts veptn (1) signal (%KE) 350 400 450 500 |Rate (inis)
0.0 200 200

0.10-1.70ft
105.4 %RE (s 1.5)
RE

210-3.60 ft
76.4 %RE (s 1.2)

4.20 - 5.60 ft
385.1 %RE (s 4.9)
Diesel 4 wks

6.20-7.70 >
77.2 %RE (s 3.2)
Jet 4 wks

Unavailable / NA
Client/ Job: X Coord.(Lng-E) / Fix: Max signal:
/ Unavailable / NA 395.6 %RE @ 5.90 ft
ano PHNOLOGIES | Toperator/ Unit: Elevation: Date & Time:
waw:DakoraTernnoLosies.aom | | JVOSTO] Unavailable 2011-12-05 16:08 CST
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DAKOTA

TECHNOLOGIES

caliouts

0.10-1.70 ft
103.4 %RE (s 0.8)
RE

210-3.70ft

64.7 %RE (s 0.8)
Gas 6 wks

el
4.10-5.80 ft
383.6 %RE (s 3.0)
Diesel 6 wks

6.10-7.8
104.1 %RE (s 0.9)
Jet 6 wks

6 weeks of open jars

veptn (1) Signai (%KE) 350 400 450 500 |Rate (inis)
0.0 T ——

9.0 T
0 100 200 300

1 Sand-Water-Fuel 6 wks
Unavailable / NA

Client/ Job: X Coord (Lng-E) / Fix:
DAKOTA

TECHNOLDO

FarRBD, ND 701.

www.DakaTaTeoHnoLoGEs.com | [ JYOSTO1 Unavailable

EPI — October 2012

Max signal:

429.7 %RE @ 5.40 ft
Date & Time:
2011-12-22 15:35 CST
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DAKOTA

TECHNOLOGIES

8 weeks of open jars

Callouts veptn (1) signal (%KE) 350 400 450 500 |Rate (inis)

070-1.60f
97.2 %RE (s 1.2)
RE
2.00-3.70
8 %RE (s 1.2) |
4.00-5.80 ft
409.1 %RE (s 5.3) :
Diesel 8 wks
6.10- 7.8 g |
121.4 %RE (s 3.4)
Jet 8 wks .

0 100 200 300
1 Sand-Water-Fuel 8 wks

Unavailable / NA
DAKDTA Client/ Job: X Coord.(Lng-E) / Fix: Max signal:
/ Unavailable / NA 467.6 %RE @ 4.50 ft
ano PHNOLOGIES | Toperator/ Unit: Elevation: Date & Time:
Wi DakoraTersNoraaiss.can | LUUVOSTO01 Unavailable 2012-01-05 10:38 CST
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Log/C: 15-5-5 Sand-Water-Fuel Fregite/CLas 1 fresh
Range:2.10 - 3.80 ft Signal: 35.6 %eRE (s 6.2)
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Log/C: 15-5-5 Sand—Water-Fuel ;| wmez Gas 1wk
Range: 2.20 - 3.70 ft Signal: 48.5 % RE (s 8.6)
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Log/C: 15-5-5 Sand—Water-FueI 3 w.lcéa’CBas 3 wks
Range:2.10 - 3.70 ft Signal: 82.3 %RE (s 1.0)
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Log/C: 15-5-5 Sand—Water-FueI 4\wkea/Cas 4 wks
Range:2.10 - 3.60 ft Signal: 76.4 %eRE (s 1.2)
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Log/C: 15-5-5 Sand-Water-Fuel 6 wikea/CILas 6 wks
Range:2.10 - 3.70 ft Signal: 64.7 %eRE (s 0.6)
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Log/C: 15-5-5 Sand- Water Fuel 8 w.lcéa’CBas 8 wks
Range:2.00 - 3.70 ft Signal: 75.8 %eRE (s 1.2)

how would this beat up, waxy, low VOC gasoline rate on the TPH(GRO) chart??

not so high — chemically it is not strictly gasoline any longer, and LIF reflects that

IS this test realistic? probably not, too extreme — but maybe accurate of desert SW?

<> DPAKOTA EP| — October 2012
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former gasoline station in MN in 2010

Callouts Signal (%RE) 350
0.0

can you find me in the log at right?

|
64-75H1
23.7 %RE (s 25.8)

1
14.9-15.7
2.0 %RE (s 1.2)

Log/C: 15-5-5 Sand-Water-Fuel 3\wisa/Cas 3 wks

Range:2.10 - 3.70 ft Signal: 82.3 %RE (s 1.0)

|
|
i
L

‘T

b

LS

LIF001

Site: Y Coord.(Lat-N) / System:
Berglund Newton Unavailable / NA

D AKDT A Client / Job: X Coord.(Lng-E) / Fix:
WCEC /

,AHGIFS:'NQEEl.E,iBDH Operator / Unit: Elevation:

www.DakaTaTecHnoasies.cam [ SDA [ UVOSTO01 Unavailable
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400 450 500 |Rate (inis)

— N

P U S B S S

| 05 1.0
UVOST By Dakota
vaww.DakotaTechnologies com
Final depth:
32.01 ft
Max signal:
63.1%RE @ 6.77 ft
Date & Time:
2010-10-08 11:51 EDT
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we can't eliminate PAH exposure risk until the LNAPL is removed or neutralized
— either by us or nature (treating just the groundwater is a short term *fix’)

you can’t design remedy for problem LNAPL without knowing where it is

groundwater tools (wells) lack necessary qualities, specificity, and coverage

wells are for measuring SYMPTOMS - not the disease

zombie-like
adherence to the
“‘LNAPL floats on the
groundwater’s surface”
model has cost the industry
HUGE sums of money,
time, and discouragement
over the decades

C‘) DAKOTA

TECHNOLOGIES

—

EPI — October 2012

we know why these
diagrams are used —
to convey simple
concepts like
“‘LNAPL is lighter than
water”, so it floats

so the diagrams are
(necessarily) simple

BUT unfortunately they
stick in people’s minds
as illustrating where
LNAPL ends up at all

LNAPL sites 77



Simple... I've cheated, a LOT!

-

v

20 years of logging NAPL with LIF...

(today’s focus) — - 100s of miles of LNAPL logging with
ultraviolet LIF
(ROST, UVOST)

* 43 miles of DNAPL (known to be sneaky)
logging with LIF: >200 sites (coal tar, etc.)
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LNAPL pool (shark’s fin) discrete seams and/or fractures
homogeneous matrix heterogeneous matrix

logs range
from this... to
this...
vapor
phase

LNAPL in pools

dissolved phase

mobile and residual
LNAPL in fractures, seams, lenses



LIF has ability to prevent LNAPL CSM ‘mistakes’
or at least provide an autopsy of why the previous
CSM was so misleading

« focuses on the LNAPL, not the symptoms (dissolved phase)
« productive (300-500 ft/day)

* LIF logs continuously

 results available immediately

« productivity allows side-by-sides (co-located logs)

* easy to add logs, go deeper, explore

« dismisses with confusing logging jargon like “odor”,

“affected soil”, “potentially impacted”, “product”

« LIF maps the site geology in many cases because LNAPL
prefers to travel in sand/gravel/fractures while avoiding
clays and other fines (unless fractured)
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why has the NAPL distribution
often been so difficult to dellneate usmg
traditional tools? g '

 LNAPL can suspend, perch, dive, or float (or all three)

« LNAPL is often found trapped below groundwater
surface (sometimes WAY below) - if vertical features
(lenses, seams, fractures) dominate then LNAPL can
be pushed down

 NAPL often relies more on geology than the density
difference between it and water to distribute

« conventional wisdom has us looking in wrong places

- the subsurface is often a very complex place — not the
fairly homogeneous matrix most guidance documents
are “forced” to portray

- we sample a tiny fraction of the site (what is the mass
sampled vs site mass?)

* monitoring wells are designed to monitor water, not
LNAPL — they simply can’t be trusted for LNAPL
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measuring localized heterogeneity with LIF

do you ever continuously core/sample two locations side-by-side? why not?
we encourage our clients to do so at every site and results are very insightful

TG-29N Sig signal UV_009Duplicate

localized coal tar “layers” confirmed NOT “layers” of gasoline
[TarGOST data] [UVOST data]
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LNAPL far below groundwater potentiometric surface?

sandbox fractured clay

fuel free to flow laterally.... fuel can’t flow laterally...
like an iceberg it's driven down vertically
where it often finds lateral freedom (wells too)
> PAKOTA EP| — October 2012 83




>

example LNAPL misbehavior case
“comeback”#slte in Minnesota

above ground tank found with leak in 1995
tank was replaced — no significant fuel observed in soill
monitoring wells installed west, east, south - no CoCs in wells

site was closed 1997 — monitoring wells were pulled
In 2000 - new high-capacity city supply well installed 300-500 ft away

2003 - benzene found in new well - knocking well out of service so the
site “comes back” onto the books

new monitoring wells installed... still confusing, no NAPL in them!
so what's going on?!....

DAKOTA EPI — October 2012
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example LNAPL misbehavior #1

SITE INVESTIGATION

Signal (%RE)
158 %RE

138 %RE

118 %RE

99 %RE
79 %RE

59 %RE

39 %RE 2D Contour Of Contamination Area
20 %RE
0 %RE

—
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Visualization Provided By|




50 LIF (UVOST) borings ~ 4 days work

UVOST SITE INVESTIGATION e

D" T T
UVOST By Dakota
Gnavallable 2005.10.21 16:2¢

Callouts 3 Signal (WRE

Callouts

910,000 . ; =
910,100

UVOST By Daka 910 ‘(“)(ﬁ—;-» i

—-_—
ing and Northing Slice Planes Showing Material ID with Concentration Plume (%RE) and Water Table T
D PRLIF24r

Signal_(%RE

[ I
0%RE 10 %RE 19 %RE 28 %RE 38 %RE 47 %RE 56 %RE 66 %RE 75 %RE
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the ‘autopsy’ results via LIF

* LNAPL headed north — opposite of groundwater gradient and under a building - rolling
down a sloped clay formation

909, 900

2D Contour Of Contamination Area
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example LNAPL misbehavior #2

“lucky well” site in Minnesota

« fuel release site
« tanks were removed — no sign of significant release

« one mandatory well was inadvertently screened 18-28
feet which Is 5-6 feet below groundwater surface

 only this “wrongly constructed” well detected LNAPL!

« consultant was dead sure someone spiked the well
couldn’t explain lack of fuel in any other wells or tank hole

iIf fuel was released, it's got to float and show up... right?
so what's going on?....

DAKOTA EPI — October 2012
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v —Sidewall_
LIF19

Site Location Building

“lucky well”
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“lucky” well

= Well MW1

MW 1Groundwater: level

0 - 22 feet
Silt with clay and rocks

(till)

+—
(]
(]
Y—
=
=
+—
o
(o)
(@]

1—Wel| screen

J

NAPL

22 — 40 feet
Fine - medium grained
sand

510) 100
| |

Fluorescence (%RE)
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so LIF was brought in to settle the matter
30 UVOST locations ~ 3.5 days

LIFIS  LIF4 @ orkne

LIFT 6 PElg @
L ove TR eim oy Sidewalk

Csbakora e oo IEsEE



a very large “sunken” gasoline body was located with LIF
somehow the gasoline (via pressure/head) had filled the
porous sand unit under the clay/silt

Area Cut of plume at 35% RE
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example NAPL misbehavior #3

[ b Tel o I

LEGERD

} monitoring wells are
taie Often poor NAPL devices

w01

With permission:

C.> Qé!gg;lré EPI| — October 2012 Andrew Kirkman, AECOM



Example LNAPL misbehaviors # 4, 5, 6....
L.U.S.T.LINE

New England Interstate
Water Pollution
Control Commission
Bulletin 68
June 2011

v
%7 Where’s the LNAPL?
How about Using LIF to Find It?

Paul Stock is a hydrologist with the
Minnesota Pollution Control Agency,
Petroleum Remediation Program.
Paul can be reached at __ _ 2k
paul.stock@state.mn.us. o R | k=

np) a than

on. When a
= ultravio-

ple LIF log
The Ins and Quts of LIF
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suggestion

next time your LNAPL site is confusing you, consider this...

Wait a minute!
Whatif it’s...
NOT floating?!
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"heavies”... where things start to fall
apart for ultraviolet LIF's
semi-quantitative behavior

<> DPAKOTA EP| — October 2012
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PAHSs, Excitation Wavelength, and Energy Transfer

ale
.. dilute PAHs
, (fuels and light oils)
308 — UV - high energy

___.. strong absorbance by smaller PAHs

excited state energy ‘ low chance of energy transfer
‘ few neighboring large PAHs

. “cloud” “
5 ‘ strong fluorescence

conc’d “close packed” PAHs
.:. .8. .. (tars, creosotes, heavy crude)
. .. strong absorbance by smaller PAHs

high chance of energy transfer
“‘ “‘ . many ne_ighboring large PAHs
... weak if any fluorescence

conc’d “close packed” PAHs

.:' .:. ..‘ (tars, creosotes, heavy crude)

532nm - visible - low energy
—;—.
7Y (
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308 — UV — high e.
-
oS

no absorbance by smaller PAHs
direct excitation of large PAHs
low chance of energy transfer
moderate fluorescence




typical MGP NAPL (coal tar) on UV LIF

Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Rate (inis)
r0.0

Clean Sand

1,209 ppm NAPL

9,926 ppm NAPL

98,389 ppm NAPL

40 g5
UVOST By Dakota

vaww DakotaTachnologies com

Latitude / Datum: Final depth:

Unavailable / NA 10.90 ft

D AKDTA Longitude / Fix: Max signal: 0
Unavailable / NA 34% @ 3.10 ft

TECHNOLOGIES > =
FARGU, ND 701.237.4908 Operator/Unit: Date & Time:
v, B ARG TATEGHNDLOGIE S GOM JLABO1 2008-08-01 17:02 EDT

2.0 3.0
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typical MGP coal tar on TarGOST

Callouts Depth (ft) Signal (%RE)  gotr 570 620 670 |Sctr(%RE) |Fluor (%RE)|Rate (inis)
F0.0
40 F—

30 | i |

‘ Clean Sand
4——”/

1,209 ppm NAPL

9,926 ppm NAPL

98,389 ppm NAPL

50 10 10N
TarGOST By Dakota
wiww DakotaTec
Site: Latitude / Datum. Final depth.
Unavailable / NA 10.90 ft
Client: Longitude / Fix. Max signal:

Unavailable / NA 451.4% @9.20 ft
FARGO, ND“' Noyl'rqg,lsisnn Job. Operator/Unit: Date & Time.
e e s e i ITG1001 2008-08-01 17:25 EDT
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typical MGP coal tar on UV LIF vs TarGOST

UVOST TarGOST

Depth (1) Signal (%RE) w &0 % %00 ® ~ Callouts Depth (1) Signal (%RE) o 50
00 - ————— N 00

o0 o

.09 10 20 10 40 | a5 | 0 200 | 0] 10
UV TAR A UVOST By Dakota TG TAR A TarGOST By Dakota
( 3 Sae [ Lattude / Datum ."u'a.dg-;v"v = Sae [ Lateude / Datum G nal depth =
Unavailable | NA Jogon Unavailable | NA lo%0n

DAKDOTA Chont Longeuce / Fix Max 290 Chont Longeuce / Fix Max 2gnal
TECHNOLDOIES - Unevallsble! NA 34X M08 TECHNOLDOIES Unevalisble! NA 4514 %000
-

Opevatonting Date & Tune Pamea, WO YO avr.avmn JOO Opevatortune Date & Tune

Vavr.asan | SO0
TS TSt LABOY 2008-08-01 17:02 EDT T e 161001 2006-08-91 17:23 EOT
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pitchy coal tar on UV LIF vs. TarGOST
UVOST TarGOST

Depth (1) Signal (%WRE) IO 400 450 500 [Reee e p:,;mnn Signal ("RE) s 570 a0 &0 [

AL 1 = -
e H ____dissolved phaseg | i ;
=

[ 10 209 3% 0 X & &0 2 50| 10
UV_Tar Sample_02 UVOST By Dakota TG_Tar Sample_08 TarGOST By Dakota
Ste Lattuge / Datum Final depth Sae Lattucle / Datum Final depth
| Unavaltabile | NA |12000 | Raty Unavailable | NA 200
Loog: p / Pix Marx sgnal Cront Longuce / Fix Max sgnal

| Unavallabile / NA |206% @360M Unavailable | NA 852 % @ 1L.TOM
Cpevasvtint Dotw & T | Opevaortne Date & Time

J ol & ne n VOO 9
T RVDOLPHLABOY 2008-08-01 10:48 EDT s T.RUDOLPHTG1001 2008-08-01 11,54 EDT

Chent

<> DPAKOTA EP| — October 2012



coal tar — former MGP — duplicate logs
TarGOST UVOST

Callouts Depth (ft) Signal (%RE) s 570 620 670|Cond (mSim)
0 T T

Sctr (%RE) Fluor (%RE)|Rate (inis)

837 S
|

r2.0
781

s

WA st NP

g

|Sample Data

wviwv.DakotaTechnologies. com

| site:
| Fargo, ND

<>

Latitude / Datum:
46 54.430700 N / WGS-84

Final depth:
21.78 ft

| Client / Job:
"ABC Consulting
o | Operator/Unit:
™ | St. Germain/UVOST1000

DAKOTA

TECHNOLOGIES

Longitude / Fix:

096 47.753700 W/ 3D
Elevation:

782.5ft

Max signal:
183.2 %RE @ 8.12 ft
Date & Time:

2008-10-14 07:18 CDT

>

DAKOTA

TECHNOLOGIES

Callouts

|Depth (ft) Signal (%RE)
0.0

350 400 450 500 |Cond (mSim)

Rate (ins)

300

B
!

5 - 5.9 ft
$RE (s 3.

0 50

24,07

200 400 | 20 |

<d

DAKOTA

TECHNOLOGIES
FArRGO, ND 701

woveve. DakoTATEGHNE

|Sample Data

UVOST By Dakota

wvrw.DakotaTechnologies.com

| site:
| Fargo, ND

Latitude / Datum:
46 54.430700 N / WGS-84

Final depth:
22.03 ft

| Client / Job:
lABC Consulting

oo | Operator/Unit:
o™ | St. Germain/UVOST1000

Longitude / Fix:

096 47.753700 W/ 3D
Elevation:

782.5ft

Max signal:
15.5 %RE @ 8.65 ft
Date & Time:

2008-10-22 08:58 EDT
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“Heavies” are incompatible with UV LIF
Dakota has found the following materials ‘misbehave’ in the UV:

¢ Coal tar
¢ Coking tar/pitch
¢ Creosote
¢ bunker B-C or other “heavy fuel oils”

Notice that crude oil is not in
the “heavies” list. The majority
of crude oils that Dakota has
examined were found to
behave monotonically in the UV
at low-to-mid concentrations,
only “rolling over” at the very
high to neat concentrations.
This is acceptable behavior
since “a lot of NAPL is a lot of
NAPL”.

crude
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Dakota’s Stance on Screening for High-PAH Content
NAPLs (aka “heavies”) with UVOST

Dakota desires to limit our potential legal exposure should litigation
result from UVOST characterization of a coal tar or creosote
site. Legal risk is your reason to take this matter seriously and
avoid getting yourselves involved in a “heavy” NAPL site
Investigation with UVOST.

For this reason, DAKOTA HEREBY OFFICIALLY DIVORCES
ITSELF OF ANY/ALL DATA RESULTING FROM
PURPOSEFUL APPLICATION OF UVOST ON A COAL TAR,
CREOSOTE, OR OTHER SITE KNOWN TO CONSIST OF
THESE OR SIMILARLY BEHAVED HIGH PAH
CONCENTRATION NAPLS (heavies). In order to maintain the
UVOST product’s exceptional reputation for quality, Dakota
insists that all UVOST service providers abstain from conducting
UVOST investigations where “heavies” are the target NAPL.
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localized heterogeneity
readily demonstrated with LIF
duplicate locations

<> DPAKOTA EP| — October 2012
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three butterflies from a gasoline spill
trapped gasoline (above and below water table)
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butterfly plots of UVOST logs

UV_002Duplicate g soral UV_009Duplicate

What if this was the “confirmation” sampling borehole? Which boring was “right”?
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duplicate butterflies
(various sites)

TG-05A

what if the second LIF log was a sampling event, not a second LIF log?
how often do you duplicate sample to see if your samples are consistent?

duplicate LIF only takes 20-40 minutes, but yields tremendous insight!
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and finally...some NAPLs are distributed like “floating pancakes”

data generated for Don Lundy, ES&T

e-Delineation of Oil Body in May 2011
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