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High-resolution site charactenzation (HRSC) strategies and technigues use scale-appropriate measurement and sample
density to define contaminant distributions, and the physical context in which they reside, with greater certainty, supporting
faster and more effective site cleanup. ﬁ n m

High Resolution

Site HRSC — New EPA Focus Area s o HES0 Hume @ ~\:
Ch aracterization ? HRSC is a new EPA focus area that reflects _— N Intrnductll:.tn E
the state-of-the-science for environmental o Case Studies
site characterization. The general concept « Practitioner Forums —
and benefits of HRSC are being explained « Publications
and communicated through a variety of g
EPA technical transfer mechanisms, . Tral-nlng
including this new CLU-IN website. Learn « Available Support
more about HRSC. « Characterization and
Monitoring
Technologies Home U
- Ask an Expert '
HRSC Highlights: .
ghilg Lpys « Problem Solver Live Events
HRSC Tools can include: Direct push sampling and monitoring wells, Field

laboratories or other field analytical techniques,
direct driven sensors to map contaminants and aquifer
characteristics.



Topic Overview

e What is OIP-UV

* The Principles Behind OIP-UV

* Logging with the OIP-UV
e OIP-UV Site Examples

e Other HRSC Tools: HPT and MIP

* MiHPT Site Example

o
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OIP-UV Probe Description

* Purpose: Detecting UV induced fluorescence of
light non agueous phase liquids (LNAPL) in soil.
Primarily petroleum hydrocarbons.

* Method: UV light directed at the soil causes Probe Body — LI |- Ultraviolet LED
components of the LNAPL to fluoresce. An Image sapphire Window —*]| -
of the soil and any contained fluids is captured and -
" Visible LED

analyzed for fluorescence.

Visible light images of the soil are also be obtained. Electrical |
Conductivity — @

(EC) Dipole \ /

. \
\/




OIP Up-hole Instrumentation

OIP Interface

FI 6000 Field Instrument

Instrumentation to run optical logs includes the FI6000, OIP
Interface, and a laptop computer.

Genui
Geoprobe”
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1.75in ML PIN
x1.75in SLBOX

OIP PROBE
~ POWER SUPPLY

0-Ring
[FOR 1.75” PROBE THD
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_ 0IP PROBE
REPLACEMENT WINDOW
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0P6560
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Polycyclic Aromatic Hydrocarbon (PAH)
Fluorescence

UV Detectable with a 275nm Source

(%) %5) 8}:) * Smaller PAH Compounds
* Gasoline, Jet and Diesel Fuels

Pyrene Benzo[c]phenanthrene Triphenylene e Mineral Motor and Crude Oils
Vi

C[SD [IIS) CE?CJ None uniform UV Response with 275nm Source

Phenanthrene Benz[a]lanthracene Chrysene ¢ Larger PAH COmpOundS
* Creosote, Coal tar, Bunker Fuels
Naphthalene Anthracene Tetracene Will not Fluoresce with 275nm Source
* Chlorinated VOCs
e BTEX

 Dissolved Phase Contaminants

Genuine

Geoprobe® 7
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Light Wavelengths

Increasing energy

ﬂ/\/W\/V\/\/\/\/\/\/\/\

Increasing wovelenglh

0.0001 nm 0.01 nm 10nm 1000 nm O0.01 cm l cm 1 m 100 m
, { | | | |
Gamma roys Xrays Ultrlo- : Infrared Radio waves
viole!
1 ROdOf TV FM AM
Visible light
400 nm 500 nm 400 nm 700 nm

added on WithFriendship.com

Hue can be directly related to Visible Light and Wavelength



How Fluorescence Occurs

Fluorescence Defined:
S 2
_ . 2 2 : The emission of light from a
* UV lightis absorbed by 4 : substance in an electronically
electrons in PAH molecules ' Internal excited state. Usually occurs in
e FElectrons move to an i Conversion about 10 nanoseconds.
excited (higher energy s, i re—— Molecules that fluoresce are
state) R called fluorophores.
o )
 They lose some energy g - S
i l e
(move to a higher o! g §
wavelength) then emit a S | 3 O
o — | 0 T
light photon (fluoresce) to 2 ¥ < 5 \‘ '
return to their ground state L hv, '/ LL| v
| hv
; g Phosphorescence \‘
| hvp
' 2 v v
S, 1
Genuine 0 \ 4
Geoprobe®

A simplified Jabtonski diagram (after Lakowicz 1999)



Absorption & Emission Spectra for Anthracene

Ultraviolet Light | Visible Light
1.4 — ~— 2.5E+06
N —— Abs.
T ..
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1 1
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— ]
E I
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5 S g
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OIP UV Images

* Imagesize: 9.5x7 mm Typical OIP

background

* Resolution: 640x480 pixels image

e Capture rate: 30 fps

e Save rate: 1 image for each

0.05 ft. (15mm) Typical OIP image of

LNAPL fluorescence

Genuine
Geoprobe® 11




mage Analysis
HSV Color Space

SATURATION VALUE

Color defined by Hue, Saturation and Value

HSV
Geoprobe

Bnghtness

12



OIP Stills and Visible Images

Fluorescence images of fuel Same image under Visible light
globules in soil Sand matrix

UV and Visible still images can be captured at any point during the log

A UV and Visible image will be capture automatically every time
probe advancement is stopped to add a rod to the tool string

Visible still images can be helpful in assessing soil textures

13
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Color Analysis

Motor Oil SAE 30

Unleaded Gasoline

Crude Qil

14



OIP Fuel Fluorescence

100
Dimse )
y=31.4GIn{x) - 152,08 ] -
RE=08 i -
§ LA ,
TRy BLCE ' &
) = - %
y = 27.07In{x) - 165.01 -
] i RE=D.02 » @
5 Crsde O " ! " m =
L ¥ =7 48nx)- 2203
m 60| R=-007 o®
z S 1 ' H
o " Manual Cisrve-a-linear Fit !
; [ for Diesed Data @
K 40 + a Diesd (fnear)
E O 4 Diesal {asympiokc)
',:‘:-[-_. i 5 &  Gas (linear)
o D L (Fas (asymplotic)
o 21 - ; B Crsde il
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- g ] / e i
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I"_ 1 I_I-'III — 1 1 IIIIII: 1 1 IIIIII: 1 IIII: 1 1 1 111
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Product Concentration (ma/kg)

Bench tests of gasoline,
diesel and crude oil in
silica sand with +10%
moisture content.

Fluorescence response is
the % of the image area
or the % of pixels in the
image that exhibit
fluorescence.

Refined fuels show a log-linear response over approximately an order of
magnitude concentration range. Two to five sample replicates averaged for

—
Geoprobe®

each plotted data point. Fluorescence response in complex and
heterogeneous natural soils will vary.
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Quality Assurance (QA) Testing

‘fl"esti"n‘g the EC Di

A

pole
'1‘75;3 . o

<
.\‘~

&1 W

* QA Tests are performed
before and after each log

 EC Dipole Test

. A EC Test Load
* Optical Test (P/N 29689)

Testing the Optical Components
EC Test Load OIP Cuvette Holder and System Response

o
Geoprobe”



Optical QA Test

* Image Assessment
* Visible Target — 1mm Grid
* Focus and Color Check

e UV Background Assessment | Visible Target
* Black Box — Blank

UV Fluorescence Assessment
e Diesel
 Motor Oil — SAE 30

Diesel Fuel Cuvette
Conui
Geoprobe®

Black Box

Motor Qil Cuvette

17



OIP DI Acquisition Software

< Movies & TV - X

Dl Acquisition - C:\Users\pippd\Documents\DI Field Projects\Albany, NY - 52C2 4-16\0IP-019.zip

File Sensors View Graph Help
23 B Range: 10~ fi ‘R‘Q ™ | Depth(F9) Time (F10) | Optical (F11)

C (mSim, escence (%) wer (ma) anth 7f)
Lighting Options i EC : m) e le:?rc cence (%) . Op!;cal Power ]m.," ) Depth (ft)
0 50 0 0 20 40 60 0 00 200 270
None | po (g e g g Biog Ny gty giof g g Ut gy 1595
_ 0.
Visible ROP (ft/min)
Fluorescence (%)

Caplure

46.0

Frames Per Second

7300
Optical Power (mA)

2387
Log Time (min:sec)

11:44

Depth (ft|

Trigger:
Logging

0 Stop Log..
pe 10:20 PM
® 8 P -] ~ 7O B e

Start Camera

A

* Requires DI Acquisition 3.0 or newer
* Large log files (200+ MB)
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Field Site: Former Truck Stop
Brooklyn, Michigan

Geoprobe worked with Stock Drilling, Sheryl Doxtader at Michigan DEQ and
Mark Peterson at Compliance, Inc to conduct a side-by-side comparison of the

Genuine, N OIP system with the UVOST system. Performed February, 2016.
Geoprobe

The primary contaminant at this site was Gasoline.

19



OIP Log GL-19

EC (mSim) Fluorescence (%)
0 20 40 60 80 100 O 20 40 B0 80 100
| L 1 L 1 1 1 L 1 1 1 1 L 1 1 1

This is OIP log GL-19 from the Michigan
EC (ms/m) % Area site.

Fluorescence

The images from 5.0ft and 10.20ft display
significant fluorescence.

Image from
5.0ft

Depth (ft)

Image from
10.20ft

Genui
Geoprobe”
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Field Site: Brooklyn, Michigan
Site Map

E-W
Cross Section

Geoprobe worked with Stock Drilling to run 37 OIP logs adjacent
to LIF UVOST logs that were just completed. The co-located OIP
logs were all run about 3ft (1m) from the LIF UVOST logs.

N-S
Cross Section

\
@\
\

Site map showing log
locations and cross section
lines.

Three of the paired OIP and
UVOST logs will be
compared in detail below.
These log locations are
circled in green.

This will be followed by
review of the paired logs
from the cross sections
shown on the above map.

21



Depth (ft)

Field Site Data

OIP-EC to UVOST Comparison

_OlPLlog12

OIP % Area
Fluorescence

o
Geoprobe”

LIF UVOST Log 12

UVOST %RE
“"Fluorescence

LIF-12

Depth (ft)

15 ]

20

1 EC (mS/m)

~_OIP Log18

LIF UVOST Log 18

1
OIP % Area UVOST %RE
Fluorescence “* Fluorescence

LIF-18

The comparison of logs 12 and 18 show very similar vertical distribution
of fluorescence in both the OIP and UVOST technologies.

22



o
Geoprobe”

Field Site Data

Lo amy aLasocms P— Lo s - - — -
0 « " o @ o w @ o @ w00 @ 0 @ 00 o a @ o @ 0
& a o [

IP/EC * \ |
| SEEEEETE s 7 1

Lo A
PN Nt e 1‘1 ; 2
Ny AN
‘j\/"r

Twap  Sgapm

Both technologies display similar vertical and horizontal contaminant distribution.

Note: Logs are displayed with equal spacing in the simplified cross sections,
not equally spaced on the ground: not to scale.
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Field Site Data

OIP/EC |

r‘//

W,

|
.»,fm ',l..‘\
A

] A
J,/“A""-w mfwnv\,-w. Vi Vrr \‘/‘ﬁ\,f" VY

Where UVOST in non-detect the OIP is non-detect. Where there is fuel to
fluoresce both technologies detect it and with similar profiles.
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Field Site Example
Grimm Oil Site in Kalona, lowa

Wes McCall, Geologist, Geoprobe
James Goodrich, Geologist, VJ Engineering

In Coordination with

Jeffrey White, PG, lowa DNR

25
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Kalona, lowa Site Map
OIP Log Locations and Cross Section Lines
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Depth (ft)

EC (mS/m)
0 100
00— v v 1w

200

0

Fluorescence (%)

50
1

100

Kalona, lowa Site Logs

EC (mS/m) Fluorescence (%)
0 100 200 0 50 100

20

22

24

26

28

30

DEPTH:
20.30 ft
TYPE:

265nm Still
% AREA:

46.0

Captured

Analyzed

Overlayed

) J T S ' 1 L

Depth (ft)

26

28

OIP -03

30

DEPTH:
16.40 ft
TYPE:

265nm Still
% AREA:

75.1

Captured

Overlayed

oo

OIP - 07




Depth (ft)

Kalona, lowa Cross Section A-A’

Facing West
g X
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Note: Logs are displayed with equal spacing in the simplified cross
sections, not equally spaced on the ground: not to scale.



Grimm Oil Facility, Kalona, lowa

Cross Section A-A’  Facing West

Hydrogeology Based on EC

l \ MWO1A OIPO2A.CIP (mS/m) MW11A OIP.CIP (mS/m) MW11B-OIPO5A.CIP (mS/m) OIPO6A.OIP (mS/m) MWOSB OIPO4A.OIP (mS/m) MWOSA OIPO3A.OIP (mS/m) OIPOBA.OIP (mS/m) OIPO15A.0IP (mSim) 1 \
@) 100 200230 © 100 200230 © 100 200230 © 100 200230 o 100 200230 O 100 200230 © 100 200230 © 100 200230
L L L L L L .1 1 )

(o]

N

= | oIPO2 " oIPo1 3 . 0IP06

&

]

? -
20 —
[l B
2 d 7
? B |

EC

Note: Logs are displayed with equal spacing in the simplified cross
sections, not equally spaced on the ground: not to scale.



Grimm Oil Facility, Kalona, lowa

Cross Section A-A’: LNAPL Fluorescence Over EC
Facing West

Depth (ft)

L] . L]
LNAPL Distribution Based on OIP % Area Fluorescence N
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1 Not toscale
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Note: Logs are displayed with equal spacing in the simplified cross
sections, not equally spaced on the ground: not to scale.



Grimm Oil Facility, Kalona, lowa

Cross Section A-A’: LNAPL Fluorescence Over EC

230

-

s op1| |

S

[y
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S

OIP5
2 T,
cLS

|'

o

Facing West

Electrical Conductivity
(0-230m>=/m each panel : Tan)

;__-:,. OIPE | OIP4
I——_\__.| e
/ "-—%'
':J 1 o =
¢ rs

]
=
[ T8

| E N

=

| = OIP3

e

OIP Percent Area Fluorescence
{0-80% each panel - Dark Blue)

. 'OIP8

Note: Logs are displayed with equal spacing in the simplified cross

sections, not equally spaced on the ground: not to scale.
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Depth (ft)

Grimm Oil Facility, Kalona, lowa

Cross Section B-B’: LNAPL Fluorescence Over EC

Facing South
F
B OIPO9A.CIF (mSim) CIPO10A.0IF (mSim) OIPD11A.0IP (mSim) OIPO1ZA.CIP (mS/m)  MWOSA OIPO3A, LOIF (mSim) MWOBE OIP04A.OIF (mSim) CIPO7A.OIF (mSim) CIPO14A.OIP (mSim) CIPO1TACIP (mSim) B
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? [ 7 o [ Uni
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? 14—- y Sar'd i " ?
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16 \ | P
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L Ingd Unit L1 )
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* B S ?
24 —_ LOW er
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? 3} — v . 0 80 a.’ned Uﬁoi_to p- " 50 50 ? 80 0 50 80
Not to scale

Note: Logs are displayed with equal spacing in the simplified cross
sections, not equally spaced on the ground: not to scale.
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Evaluation and application of the optical image profiler (OIP) a direct
push probe for photo-logging UV-induced fluorescence of petroleum
hydrocarbons

Wesley MeCall' 0 Thomas M. Chiristy” - Daniel A Pipp’ - Ben Jaster - Jeff White” - lames Goadrich” - John Fortana® -
Sheryl Doxtader®
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Abstract

The presonce of Tnoo phase petroleam fuels in e subsurisee (ofen called Gght nonsgoeous phase Bguids/E.NAPL) s a
hiiaired in alimost every towi aid cily in the modern workd Leiking sandergroind storage ks wid the reulling contami-
tation and hazards hive proven e be o challonge W imvestigale sod remediale. One ssee 8 adogquately characlerizing the
presence and spatial exient of LNAPLS n the subsurfoce. Fxperience has shown ihai conventional soil coring methods. and
proundwiter mooitoring methods ane fmaght with lmitations that can lead o significant eroes fn the estimation of the
amount und spatiel distribution of LNAPLS in the subsarfuce. This lesds 1o the development of insceurate conceplsnl sie
miisdels i costly errors fn remoedinl setions. A new direct push logging tool, the optical image profiler (OFF), has boen
devidoped Lo oblain high resolution sile charselerizalion dits o more accirmalely define the presence aid extent of LNAPLS
i unconsolidmtod msterids. The O system uses o downbobe ultraviolet Hgbi-omitting diode o indece Beorescence of Teel
LNAPL. A smiall complimentary melil-oxkde-semiconducton comern maotnted inside the probe belind o spphine whsdow
capriures photogmphic inuges of visible mnge leonscence s e probe is sdvenced by direct push methods. o it inanges
ol s rfisce fuel Muorescence have nol previously been avialable o the investigator and may farther the understanding of
LNAPL bodayiorn Th CUF sod tware wlio provides o log of poercont srea luonoscence (%AF) based on anmlysis of the images
An electricsl conductivity (BC) dipobe on the probe provides a bog of bulk formation FC ihat is ofien a good indicaior of
Tormation ithadogy. The informastien prosentisd here cxplsins te basic design and operation of te OFF systam in e ekl
Bench lests contirm the copability of the OFF system W detect 8 range of petroleom Mels. Field stodies with the wndem BC
and FAF logs are wsed o ddentily LNAPL and it migration pathwanys in e sobaorbce. Thisse capsbilities can impoove the
manigemenl and remediation of LMAF - Tl tied aites il reduce long-lerm costs assocumed with cleanup and closire

Keywords Optical imsage profiler (00 - UV-induced Muorescence - Petrolewm hydrocarbons - Direct push - Electrical
conduictivity(BC) - Photo-logging - LIF - UVOST - LNAFL
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One of the enrlies! works refative o contaminstion of
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subsurince due W s product pipeline lok soear (e Pollock

Gooproba Jysie prresumdwitier well Dekd o Los Angeles, Californis, As ihe

Suling, KS, USA

T bowa Dopartieent of Nutual Ressarcew LT Siection, enviranmental industry developed, it became evident that
B Moimen, 14, 154 leaks from petroloam underground storage tanks (UST),
W Haplooerig, hown Cily, A, USA bocabed in aleost every lown and city in e developed world,
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Dhepmarisesi of Hoviromemenisl Cuakily, Jackse, ML LSA, Thus, Nucts redeased Drom USTS oflen Rarm bl nonsgquonis
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Open Source

https://link.springer.com/
article/10.1007%2Fs1266
5-018-7442-
2#enumeration
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Viewing OIP Logs — DI Viewer

¢ DI Viewer — ¥
File  View Graph Tools Help
B SR [Lg_ Q ¢ | single Log (F9) | Overlay (F10) Cross Section (F11)
EC {(mS/m) Fluorescence (%)
Previ L 0 50 100 150 200 250 300 0 20 40 ED 20 100
ssE i L o 1 S A N Y 1 e[ e ) [ i S o [ [ el Y o A e (1 i T 1] S| T | el Y AT e (T /= N .
, i DEPTH: p—t
[ @ X =
A
C1El-3leg 1HZ 5 TYPE:
uv ®
] olP-250S = % AREA
0.0 °
L10iP-5¢ Captured
15 .
] olr-56
®
20 L
= L
=
|
M ™
30 =
35 ®
. . . 2
“ Link to view video ...
®
45
Y] B0
Log File: E1-3LOG 1 HZOIF ] Adjust for Elevation Add Graph... Addto = View INF Fils...
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520nm
Green Laser Diode
For use with
Coal Tar
Creosote
Bunker Fuels

Genui
Geoprobe”

Coming OIP Enhancements
OIP-G & OIP-HPT

520nm Green Laser Diode
combined with IR LED

OiHPT - Addition of HPT to OIP
(UV & G) Probes for Permeability
Measurements

35



Depth (ft)

OIP-G Log
Wellington, KS MGP

EC (mS/m) Fluorescence (%)
0 50 100 150 190 0 20 40 60 74

DEPTH:

7] 14.20 ft
2 TYPE:

] : i 525nm ¢
4 — — % AREA:

] 65.3

T [ ]
6 —

J Captured °
= I £ 1 :
10 E

- i: = [ ]

1 b =
12

=
|

Analyzed

oo 00 comoogm o

=

30

DT22 Core from 13.5ft-17.5ft pored off Coal Tar DNAPL
which separated from water overnight
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OIHPT-UV Log

400

EC (mS/m) HPT Press. Max (psi) Fluorescence (%) Est. K (ft/day) HPT Flow M... (mL/min)
0 200 300 13 50 110 0 50 100 0 50 110 0 200
0| ......... | PR | | N B 1. P TR TR T N SO SO T u IR N N N T T M |
DEPTH:
24.20 ft °
TYPE:
uv °
% AREA
64.9 -

Depth (ft)

é
¢

110
Abs. Piezometric Pressure (psi)

Genui
Geoprobe”

permeability and contaminant migration pathways.

Map the presence of (residual) NAPL knowing how it is affected by
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Other HRSC Tools:
Hydraulic Profiling Tool (HPT)

* Graphs EC, HPT Pressure & Flow

e Calculates Hydrostatic Profile and
Estimated Hydraulic Conductivity (K)

* True Measurement of Formation
Permeability
e (Calculate an estimate of GW Specific F
Conductance :

i

Genuine gy, |
Geoprobe® -
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HP

Principles of Operation

4
v

B
A) Water Tank i E
B) Pump & Flow Meter :
C) Electronics/computer P
D) Trunkline _{}:—_- ____________
E) Pressure Sensor F S
F) Screened Injection Port “a
G) EC Dipole
Inject Water at 200-300 mi/min GO

Advance Probe at 2cm/sec
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Other HRSC Tools:
Membrane Interface Probe (MIP)

100 120 0
re (psi)

Mapping of Dlssolved to Free Phase volatile organic
compounds (VOCs) along with EC and HPT I|thology

characterization



P Theory of Operation

Nitrogen
Carrier Gas — | VOGCs to
Detector Under a Concentration
Gradient VOCs move
across the Membrane
— VOCs in Soil via diffusion and then
Probe are carried to the
Body Detector at the surface

\ Semi-permeable in an Inert Carrier Gas

Membrane

Genui
Geoprobe” "



MiHPT Field Site Example: Skuldelev, Denmark

Here the insert map shows that
Skuldelev is located about one
hour west of Copenhagen in
Denmark. A small community in
the pastoral countryside.

Glaciated Region

Site underlain by glacial till and
related unconsolidated deposits

Genui
Geoprobe”
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Skuldelev, DK Site Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Previous work with the
MIP system and
Electrical conductivity
logs was not able to
distinguish between the
coarse grained materials
and fine grained
materials in the
subsurface as observed
with targeted soil cores.

ﬁ North

7
W
.

Logs are spaced 8 m (~25ft) apart.
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Skuldelev, DK Site Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Logs in the transect
were placed about 8
meters (25ft) apart.

We have been looking
at data from the SK05
log at Skuldelev ...

Logs are spaced 8 m (~25ft) apart.
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MiHpt Log SKO5

EC (mS/m) HPT Press. Avg (kPa) PID Max (uVv xIOE) XSD Max (qu105)
100 200 240 80 200 400 600 700 0.6 2 4.4 0.2 5 7.4

o
o

TN T T [N T TR N oy sy s PSR B B S M T B S
T T

—azee . [
4 =
: [

I

|

(

|

|

=

PID XSD
Detector Detector

iw‘ LL
-

~ Al
.

A amhan,

N
n [3
lrwu;-\,'l-‘

I
n
1

I

w

~
AN T T T T T T T T T O N T I I OO AN

Depth (m)

(4]

(2]

[
N | et A AL o
i EENIET SRR -"_.—\\r“.,__\..r..\,q.'\\'!\,n‘.
|

~
!.
)
~

Iy |"f"

o]

o
wn

110 200 300 400
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As well as the detector logs for contaminant level and distribution. Here we
see the chlorinated VOC contaminants are located within the sandy aquifer
material at this location. Now ... Where did we run this log ?

Genuine
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Skuldelev, DK Site Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Now let’s look at
results for the SKO4
log, just outside of the
main groundwater
plume body.

o
Geoprobe”

ﬁ North

7

Manufacturing Bldg /

Logs are spaced 8 m (~25ft) apart.
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MiHpt Log SKO4

EC (mS/m) HPT Press. Avg (kPa) XSD Max (uv ><105)
0 50 100 80 100 150 200 250 300 0.1 1 2 3 4
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- |
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7 o EC W
] Increase at| |
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80 100 150 200 250 300 0.3 1 2 3 4
Abs. Hydrostatic Pressure (kPa) PID Max (uV x10°)

Elevation (m)
|
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At Skuldelev the EC of the clay-till was essentially the same as the EC of
sands and gravels. So maybe that EC peak at the SKO5 log was an anomaly?



MiHpt Log SKO4

Sand & Gravel

y’.&‘.{ EC (mS/m) HPT Press. Avg (kPa) XSD Max (uv ><105)
“! 0 50 100 80 100 150 200 250 300 0.1 1 2 3
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5 4
4 |
8
3.5 - j
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2.5 — o
2 —| =
_ 154 Pressure
E \
]' ‘" Increase at
>
9 o
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0_
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i
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80 100 150 200 250 300 0.3 1 2 3
Abs. Hydrostatic Pressure (kPa) PID Max (uV x10°)

However, the HPT pressure increased significantly in the clay-till.



MiHpt Log SKO4

Sand & Gravel

EC (mS/m) HPT Press. Avg (kPa) XSD Max (uv ><105)
0 50 100 80 100 150 200 250 300 0.1 1 2 3 4
55 1 I 1 P SRR SR AR N S PR SN N S BAR RO
5~ R
o | fXSD = red
. u PID = Green
<
SIBES j
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25— - TCE
27 B p DCE
o 15— \ ressure \VC
]’ - Increase at
>
2 .
4 o5 Clay-Till ~ND
0 -
d
0.5 — i
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-2 —
2.5 —
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-3.5 T T T T T[T T T T [T T T T[T 111 [T 7T | L L L
80 100 150 200 250 300 0.3 1 2 3 4
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At this location outside of the main groundwater plume the halogen
specific detector (XSD) found only minor detects of contamination.
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Skuldelev, DK Site Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Now let’s look at the
SK12 location log ...

Genuine

Geoprobe®

Logs are spaced 8 m (~25ft) apart.
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MiHpt Log SK12

EC (mS/m) HPT Press. Avg (kPa) PID Max (uV x 107) XSD Max (uv x107)
3 50 100 140 90 200 400 600 700 0.0 0.5 1.0 0.0 0.5 1.0

00 et v v I PR T B T I I S S B S
0.5 —
1.0 —
1.5 —
2.0 —
25 PID = XSD =
3.0 — 1 x10E7 pVv 1 x 10E7 HV

g Clay-Till | | _
sy =HiP T —— —— E
45 — 7_5-’»?—"* —
5.0 — - - f

( 4
5.5 — =
6.0 — —=
- _ =i
7.0
o Ge,m,'ne[@ N Notice that the detector responses are almost exclusively in the
Coprone clay-till at this location. The detector responses are high, almost

at the maximum of the detector range for both detectors.



Skuldelev Cross Section Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Back at the site map, we
have looked at the SK12,
SKO5 and SK04 logs ...

o
Geoprobe”

Logs are spaced 8 m (~25ft) apart.
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Skuldelev Cross Section Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Now, let’s look at a cross
section of HPT pressure,
looking from the
northeast to the south
west.

Genuine

Geoprobe®

Logs are spaced 8 m (~25ft) apart.
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Skuldelev HPT Pressure Cross Section

East (Elevation Corrected) West

Pa)  MHPTOMHP (Pa)  MHPTOSMHP (kPa)  MHPTOAMHP (Pa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa) — MIHPTOOMHP (kPa)  MIHPT10.MHP (kPa)

lllllllllllllllllllllllllllllllllllllllll

: ﬁ 5
{ ‘
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§|<04 SKO5 SK12

\/‘/4' —1 1 ] vV [N

(Facing ~ Southwest)
Genuin a1y - .
@@@e@‘ﬁé[@@@ We can see the top of the clay-till in the subsurface across the site where the

HPT pressure increases in each log.
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Skuldelev HPT Pressure Cross Section

East (Elevation Corrected) West

(kPa) MIHPTO2.MHP (kPa) MIHPT03 MHP (kPa) MIHPTO4.MHP (kPa) MIHPTO05.MHP (kPa) MIHPT07 MHP (kPa) MIHPTO8 MHP (kPa) MIHPTO09.MHP (kPa!
700 500 7

KO4 | | ISKO5 SK12

(Facing ~ Southwest)

If we draw a line between each log connecting the elevation where the HPT
pressure increases we define a surface of contact ...
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Skuldelev HPT Pressure Cross Section

East (Elevation Corrected) West
MHPTOIMHP (P2)  MHPTO2MHP (kPa)  MIHPTOSMHP (kPa)  MIHPTOAMHP (kPa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa)  MIHPTOSMHP(kPa)  MIHPTIOMHP (kPa)  MIHPTILMHP (kPa)  MIHPT12B.MHP (kPa)
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This surface separates the top of the high pressure clay-till from the low
pressure, sands and gravels (Aquifer materials). Looking at the profile it
looks like a cross section of a stream valley.
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Skuldelev HPT Pressure Cross Section =

. Hydrogeologic model = CSM it
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i, N ? (filled with sand & gravel)
: i [ ]
14 ‘ //
\ | /
-15 o \kg%- ‘ 7

HPT Press. Avg HPT Press. Avg HPT Press. Avg

It appears that a post-glacial stream eroded a small valley in the surface of the clay-till that was
later filled with sand and gravel, probably from outwash streams as the glaciers receded. Now
we have created a detailed hydrogeologic model of the subsurface based on the HPT pressure
logs. This becomes the foundation for our hydrogeologic conceptual site model (CSM).
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HPT Pressure and XSD Cross Section

East West

WHPTOIMHP (tP2)  MIHPTO2MHP ()  MIHPTOSMHP (Pa)  MIHPTOAMMP (Pa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa)  MIHPTOIMHP (kPa)  MIHPTIOMHP (kPa)  MIHPT1IMHP (kPa)  MIHPT12BMHP (kPa)
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| P B
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/7

XSD (1LV)

In this hydrogeologic cross section the MIP XSD detector response
(red with blue fill) for chlorinated VOCs has been placed over the HPT
pressure logs (black) at each location.

o
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HPT Pressure and XSD Cross Section

East West

WHPTOIMHP (tP2)  MIHPTO2MHP ()  MIHPTOSMHP (Pa)  MIHPTOAMMP (Pa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa)  MIHPTOIMHP (kPa)  MIHPTIOMHP (kPa)  MIHPT1IMHP (kPa)  MIHPT12BMHP (kPa)
0 500 700 0 500 700 0 500 700 0 500 700 0 500 700 0 500 700 0 500 700 0 500 700 0 500 700 0O 500 700 O 500 700
P S S ']

XSD (1LV)

It becomes apparent that the CVOC groundwater plume is migrating down the
buried stream valley at locations SKO5 and SKO7. This was not understood until
we had run the HPT logs and constructed this HPT pressure cross section.
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HPT Pressure and XSD Cross Section

East West

WHPTOIMHP (tP2)  MIHPTO2MHP ()  MIHPTOSMHP (Pa)  MIHPTOAMMP (Pa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa)  MIHPTOIMHP (kPa)  MIHPTIOMHP (kPa)  MIHPT1IMHP (kPa)  MIHPT12BMHP (kPa)
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It becomes apparent that the CVOC groundwater plume is migrating down the
buried stream valley at locations SKO5 and SKO7. This was not understood until
we had run the HPT logs and constructed this HPT pressure cross section.

on (m)

XSD (1LV)
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HPT Pressure and XSD Cross Section

WHPTOIMHP (tP2)  MIHPTO2MHP ()  MIHPTOSMHP (Pa)  MIHPTOAMMP (Pa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa)  MIHPTOIMHP (kPa)  MIHPTIOMHP (kPa)  MIHPT1IMHP (kPa)  MIHPT12BMHP (kPa)

0 500 700 0 500 700 0 500 700 0 500 700 0 500 700 O 500 700 0 500 700 O 500 700 O 500 700 O 500 700 O 500 700
M MR

—\

XSD (1LV)

Over at the west end of the cross section (SK11 & SK12) CVOC contamination is present
in the clay-till. This “hot spot” formed as the result of a sewer leak after solvents were
disposed of in the facility sewer, and is not associated with the groundwater plume.

Genuine
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Skuldelev, DK Site Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Here is the hot spot at
SK12 shown on the map
(red arrow).

Genuine

Geoprobe®

Logs are spaced 8 m (~25ft) apart.
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Skuldelev Site Map

MiHptLog X ~———-
Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VVC

Here the sewer line
juncture where the leak
occurred that resulted in
the hot spot at SK12 is
shown on the map (red
arrow). Sewer
lines/back filled ditches
led to vapor intrusion in
some homes.

7
I
.

/.

Logs are spaced 8 m (~25ft) apart.



SKO5 HPT Log from Skuldelev

EC (mS/m) HPT Press. Avg (kPa) HPT Flow Avg (mL/min)
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Geoprobe’ | |
P When EC increases before HPT pressure, it may indicate an EC anomaly,

caused by ionic contaminants.
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SKO5 Location

EC & HPT Pressure

Groundwater specific conductance

We conducted groundwater profile
sampling at SKO5 for CVOCs with SP16
groundwater samplers. The 30 cm (1 ft)
piezometer screens were developed
prior to sampling. Water quality
parameters, including specific
conductance, were monitored to
stability at each interval. Here we see
the specific conductance is increasing
as we approach the EC anomaly. This
suggests that an ionic contaminant in
the formation is causing an increase in
the bulk formation electrical
conductivity.
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Skuldelev, DK Site Map

MiHpt Log X "~~~
Cross section Line

GW Plume & Hot Spot

PCE, TCE,
DCE & VC

Persulfate Injection

During discussions with the
NIRAS project managers
(Klaus Weber and Anders
Christensen) we learned
that a pilot study with
persulfate injection had
been conducted at one of
the DNAPL hot spots
upgradient of the MiHpt
cross section.

//
////

OM 20M

10M 20M

Logs are spaced 8 m (~25ft) apart.
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Skuldelev, DK Site Map

MiHpt Log X

Cross section Line

GW Plume & Hot Spot
PCE, TCE,
DCE & VC

Persulfate Injection

Now, let’s look at a cross
section from SK04 over to
the SK10 location, focusing
on EC and HPT pressure.

Genuine
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Logs are spaced 8 m (~25ft) apart.



Cross Section with HPT Pressure & EC
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MIHPTO4 MHP (mS/m) MIHPTO5.MHP (mS/m) MIHPTO7 MHP (mS/m) MIHPTO8.MHP (mS/m) MIHPTO9A MHP (mS/m) MIHPT10.MHP (mS/m) MIHPT11.MHP (mS/m)
1 100 200 300 0 200 300 © 200 300 0O 200 300 0 500 600 1 100 200 300 O 200 300
55 o 1 1 s 1
T | o
5 = [ &= i f e
< e S i
b ir - | ('
=+ 1SK04  SKO5 SKO7 +.SKO8 | || SKO9 SK10
| > | e [
a7 [ b L 1 ‘
T

35 —

L T A T il s IR
1/
o

_{1,
t\-{
=
£
{ v
B
’:r i i l
- 15 — { ( {
_E; 1 - L {;j =, -
5 : =
l 1 >
I { —
o5 4 ; : e
| [ =
o ’ [ ===
05 - | T =
l L-x\‘e g
\ A ; < S
| 9 =
15 — 5’ —h
& | . = -
B . — =
_ g
i 2 =
25 -+ % .
-
3 -
35 e —_— o T —  —— — —
50 500 750 50 500 750 50 500 750 S50 500 750 50 500 750 50 500 750 50 500 750

HPT Pressure (kPa)

Genuine

Geoprobe® HPT pressure is in purple and EC is black dashed line. Background EC at SKO4

and SK10 & 11 are relatively flat, and below HPT pressure.
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Cross Section with HPT Pressure & EC

East Electrical Conductivity (mS/m) 00 West
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However, between the SKO5 to SK0O9 locations we see that EC clearly increases above
the clay-till. In several cores across the area we observed a “basal conglomerate” at
the boundary between the clay-till and the overlying sands and gravels.
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Conclusions

They are not silver bullets.
These tools accelerate the understanding of PAH and VOC
contaminant plumes and highlight migration pathways and
contaminant storage and back diffusion zones.
Define LNAPL source areas and VOC dissolved phase extents.
High resolution plume mapping can...
* Frequently reduce remediation costs by remediating only the
impacted soils/groundwater as defined by the plume shape.
* Greatly improve remediation effectiveness.
Help guide soil/groundwater sampling and MW installation.
* You still need run analytical for contaminant type and
concentration confirmation.
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