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1.0 INTRODUCTION
1.1 PURPOSE AND SCOPE

Liesch Associates, Inc. (Liesch) was retained by Mille Lacs Oil Company to conduct a non-
aqueous phase liquid (NAPL) delineation for the former Union 76 site located at 102 Main
Street, Kanabec County, Cambridge, Minnesota (the Property). Figure 1 located in Appendix A
illustrates the location of the Property. Figure 2 (Appendix A) is the site plan of the property
with laser-induced fluorescence (LIF) locations. The Property consists of a former service
station building, a former tank basin and pump island, and a former bulk site. This investigation
was performed to attempt to identify horizontal and vertical extent of petroleum non-aqueous
phase liquid (NAPL). Note that this NAPL Delineation report is being submitted concurrently
with the 2011 Annual Report form.

2.0 SCOPE OF INVESTIGATION

The extent of petrolenm NAPL was determined by advancing a probe equipped to measure laser-
induced fluorescence (LIF) and electrical conductivity (EC).

2.1  LASER-INDUCED FLUORESCENCE (LIF)

The delineation investigation was accomplished using an Ultra-Violet Optical Screening Tool
(UVOST), which is a laser-induced fluorescence (LIF) screening tool designed to detect NAPL
(free product) in the subsurface.

'The UVOST system sends light (via 308 nm laser) through a fiber optic cable strung within
probe rods. The light, reflected by a parabolic mirror, then exits through a sapphire window in
the side of the probe. As the probe is advanced, the soil is exposed to the UV laser light, If
PAHs are present, longer wavelength light is emitted by the contaminants. PAHs are compounds
in petroleum-oil lubricants (POLs) that fluoresce, i.e. LNAPL. This “signal” light is transmitted
through a return fiber, back up hole to be analyzed. Responses are indicated in real-time on a
graph of signal vs. depth. The UVOST log displays “color mixed” signal logs (contributions
from 4 channels) and waveforms (“fingerprint” of multi-wavelength) to aid in identification and
relative quantity of the contaminant present.

Prior to every log the UVOST system is checked for optical quality by observing the background
signal for sources of signal in the fiber, filter, mirror and sapphire window. Also, the reference
emitter (a standard proprietary NAPL mixture called the “RE™) is placed on the window to
determine the qualitative and semi-quantitative properties of the laser system. This is to assure
that the RE response has the correct shape and intensity and that the UVOST system is rcady to
log. Typically the RE will fall between 10,000 and 12,000 picovolt-seconds (PVs, a measure of
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waveform area) and the background can vary from 0.1% to 1% (area of about 0-100 pVs). Itis
important to remember that the relationship between the NAPL in the ground and the RE
depends on that particular NAPL. The calibration of the system is not to a concentration, but to a
known fluorescence signature. Additional information regarding the UVOST® system and
procedures is included in Appendix C.

2.2  ELECTRICAL CONpUCTIVITY (EC)

Electrical Conductivity (EC) is a measure of the soils ability to conduct an electrical current
between two dipoles on the LIF/EC probe. Conductivity is the reciprocal of the electrical
resistivity and has the units (in our application) of millisiemens per meter (mS/m). Since soil is
in the pathway of the charge flow, the grain size can be determined by comparing the EC log to a
soil boring. Conductivity readings in the 100s indicate smaller grain (size such as clay). Larger
grain size (sand and gravels) are typically in the 10s of mS/m range. Prior to every log the EC
point of the UVOST probe is checked for the proper operation by performing a voltage test with
a voltage meter and a conductivity test with a test block. Additional information regarding the
UVOST® system and procedures is included in Appendix C.

23 LIF PROBE INVESTIGATION

Liesch retained Matrix Technologies, Inc. (Matrix) to assist with the delineation investigation
using a UVOST LIF screening tool pushed by a truck-mounted 6610DT Geoprobe® rig. Forty-
one (41) probes designated as L-1 through L-41 were completed on the Property on March 21
through March 25, 2011. The probe locations are shown on Figure 2 in Appendix A.

Prior to the probe investigation, a sample of free product was collected from MW-7 and analyzed
with the UVOST system. This analysis produced a waveform typical of gasoline NAPL. Probe
[-1 was completed near the worst case or known area of free product, monitoring well MW-3.
The waveform at 18.3 feet was very similar to the waveform from the free product sample in M-
7, further confirming the efficacy of the UVOST analysis.

LIF probes were generally completed on the Property radially from probe L-1. Probes were then
completed in two lines, north-south in South Buchanan Street. Utilities played a role in the
location of probes in South Buchanan Street. Finally, probes were completed downgradient on
the American Legion property. The UVOST logs for each probe, at two different scales (40%
and 160%), are included in Appendix B.
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3.0 DISCUSSION OF FINDINGS

The results of this investigation indicate that gasoline NAPL was identified with maximum
fluorescence signal above 2.0% at all of the locations examined with the exception of probes L-
11, L-18, L-36, and L-39, which ranged from 1.1% to 1.9%. Liesch considers the background
signal to be at approximately 2%, i.e. signals detected below 2% are considered non-detect. The
highest signals were found in L-1 (156.4%) and L-2 (146.9%). All other signals were below
100%. Based on the probe coverage and analysis, the plume is adequately delineated. The
source area has been defined and downgradient NAPL is minimal with response signals ranging
from 1.1% (L-36) to 23.8% (L-35). Completing a probe downgradient from 1-35 was not
possible due to utilities in the alley. A boring would have to be placed on the west side of the
American Legion building to be downgradient from L-35. The highest perimeter signals exist at
the upgradient side of the plume with signal readings of 30.4% (L-8) and 43.7 (L-19). Liesch
does not anticipate a significant presence of NAPL beyond the boundaries of the probe locations
in any direction.

Vertical delineation was also achieved during the investigation. All of the probes were advanced
to depth intervals with no NAPL. All of the probes were completed to apptoximately 32 to 33
feet below grade. Three deeper probes were completed: L-1 (57.03), L-29 (36.24") and L-32
(38’). The deepest NAPL encountered was in the source area (L-1) at a depth of approximately
36 to 37.5 feet. All of the other probes identified the deepest NAPL at or just below the water
table {20-257).

One of the LIF investigation findings of note is that the NAPL occurs at the water table (18-207)
across the site and west of the site; however NAPL shallower than 18 feet only occurs in and
around the source area. There is no shallow NAPL west of the east curb line separating South
Buchanan Street and the Union 76 Property. The exceptions to this are low signals at or very
near the surface in L-11, L-24, L-27, and L-37; these shallow signals are not considered to be
indicative of the gasoline NAPL signals found near the source area or at the water table across
the site. This observation is important since utilities are not buried deeper than 12 feet beneath
Buchanan Street; this significantly reduces the risk these utilities pose as a receptor. Further, the
EC plots do not indicate heterogeneous soil conditions in the presence of shallow NAPL which
could lead to preferential migration of NAPL. As noted during previous soil boring and
monitoring well installations, the site consists of coarser-grained sand and gravel. The following
probes exhibited potential finer-grained sediment (silt/clay) based on the EC plot: L-1 (40’ and
43-45’), L-11 (9-11” and 17-18’), L-12 (11.5” and 29°), [.-22 (17-18.5%), L-31 (197}, L-34 (19),
L-39(19.5°), 1.-41 (3°).

Figure 3 in Appendix A identifies the maximum signal at each probe location and the depth of
that signal. Figure 4 in Appendix A. is a Isocontour map of the maximum signals. The
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maximum signal results for probes L-10, L-11, L-18, L-24, 1-27, and L-37 were modified from
the maximum signal, which occurred in the upper two feet, to the maximum signal at the water
table. As previously mentioned, these shallow signals are not considered to be indicative of the
gasoline NAPL signals found near the source area or at the water table across the site. 'The map
view locations of two cross-sectional views (North-South and West-East) are depicted on Figure
5 in Appendix A. The Cross-sectional views for North-South and West-East are included in the
Matrix Direct Sensing Report included as Appendix B.

4.0 CONCLUSIONS AND RECOMMENDATIONS
4.1 CONCLUSIONS AND SUMMARY OF RESULTS

The results of the LIF investigation has predominantly defined the horizontal and vertical extent
of petroleum NAPL at the site. The most significant concentrations of NAPL were found in
shallow soil near the suspected source area around MW-3.

NAPL was found continuously in probes L-1 through L-4 from near surface to just below the
water table (approximately 23 feet). Outside of the source area, NAPL has spread along the
water table (18-20") and is following the hydraulic gradient, west-northwest.

There is no shallow gasoline NAPL west of the east curb line separating South Buchanan Street
and the Union 76 Property. This observation is important since utilities are not buried deeper
than 12 feet beneath Buchanan Street; this significantly reduces the risk these utilities pose as a
receptor. Further, the EC plots do not indicate heterogeneous soil conditions in the presence of
shallow NAPL which could lead to preferential migration of NAPL.

NAPL present at the site exists in the vadose zone in and around the source area, mobilized
during precipitation events (the source area is primarily grass covered with some bituminous).
NAPL is also present near the water table over a larger area beneath the site and downgradient
from the site. Based on the minimal presence of NAPL as free phase liquid in monitoring wells
MW-3 and MW-7, it does not appear that this NAPL is available for collection through product
recovery methods such as total fluid recovery or free phase NAPL recovery via the existing
monitoring wells or any additionally installed wells.

The upper NAPL zone largely exists at depths between 4 to 15 feet. While the majority of this
NAPL may influence the underlying water table NAPL, it does not appear to be contributing at a
significant rate based on groundwater monitoring results and product levels in the monitoring
wells.
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4.2 RECOMMENDATIONS

Liesch recommends Site Closure. Supporting documentation for closure, in addition to material
presented in this report, can be found in the 2011 Annual Report, being submitted concurrently
with this NAPL Delineation Report.

5.0 REFERENCES

“UVOST Log Reference Guide”, Matrix Environmental, LLC

W:ts\6567742011 Field Work LIF Investigation\LIF Repori\LIF Investigation Report - Mille Lacs Oil - Cambridge.doc

LIESCH ASSOCIATES, INC.
» Jan-2012 » Hydrogeologists * Engineers » Environmental Scientists *Page 5+



APPENDIX A



WAL\GS67N\GIS\Figl 7-19-10.mxd W:\ts\65677\Figures\Fig] 7-19-10.pdf

r'v‘ 3
.I '..“
|
P |
el | WS T .
o $

~:"' {7 g

|
¥ ' I F
N 7
1 i | 3 ‘ ’ el ' ! [
75, l-"' H ‘,f' s ]
< : ? £ 5 A ﬁ‘ p 3 ‘ £ .“ & ) s |
u . W et

= e =¥ r
] £ 2 , 'JT
|
-~ \.‘_:.' | | |'.-
|
= | '
L-| ] i
] f ¥
i- 4
{ ]
i =l |
| I
e
S ] I
by
. L
ﬁ i » v
L .
L - .
* |
b Creawmy i
Langrrun
Y]
. B ) " 53 %
S T e e e s N
M - f & i v
i b
s -
1 14
e ATy + Y
¥ - t {Il g it
T e - _";’;"‘1 -

Source: MS Virtual Eath Topographic Quad
Projection: NAD83 UTM Zone 15N

1:24,000
I Inch =2,000 Feet

0 2,000

L 1 1 1 Il 1 1 1 1 1 ]

4,000 Feet

www.liesch.com

LIE

Former Union 76 Fuel Station
329 East First Avenue, Cambridge, Minnesota

Jul 10

Hydrngeologists = Engineers * Environmental Sclentists

Minneapalis = Chicago = Los Angeles » Madison = Milwaukee = Phoenix

Property Location

Figure
1




=

"MK 11-17-201Ti=1 w:\ts\B5677\cadd\figure probe results novi

& TH-22

®» 6 © © ©

LEGEND
@™ soIL BORING
3 Mi-7 MONITORING WELL

LIF/EC PROBE

@ -8

CASEY'S

NORDBERG
FLECTRIC

NN Sra e R SR T A ]

TH-14 °

o @L—Al N DTS “

Znd AVENUE

® © ®

SOUTH
BUCHANAN:
STREET

Minnea;
(783)

18400 16th Avenua N
ls, MN E5441
BH9-1423

4300 N, Millez B4, Sults 211
Phosnir, Ax 85251
(480) 421-0853

FORMER UNION 76 FUEL STATION
CAMBIRDGE, MN

NOV 11

BORING LOCATIONS MAP

FIGURE
2



"MK 11-17-20111=1 wi\to\ 65677 \cadd\figure probe results noviil

........................................................................................................... 5{ 9
=N
.................................................................................................. i
bga@ i . z ®
........................ Sl T e | e 2/T“ G e § L7y
< CASEY’S e g
- = TH=7 : : :
] * &l % é £ z
.................................... N : _.\_.,.___‘_..__...... .
i f f s . . ES
b0 udivegie iads 2NN
ELECTRIC o a : : :
.................................................................................................. w50196) oS @
2%(186) ol Vel . = 5
: ; o S ey | |15(195) o . & :
1%204)  2%(0.1)  12%(22.1) e 31%(19.7) e T 2%(25.4) i
L—=36 - oL- - |-38 TH-13 eL-14 1557(54) 77_?(54) L~ %)
.................................. . k
—y ® ; .L"IIL:Z . 'L. . [TH=9 = L) @
TS : E:ﬁ;(fa). MW-3THS 147 (6.2") 597;(5.5) : §
SHED ’57([92’5) 16%(16.6 : ' ;
®L-15
SEREERLLET bl 7 .............................................. ?Mw7 .............. [P
21473(522) ! : ,77 2 14%(19) ,
AMERICAN 56?(3{58) 433;(2: ) 5:5%@20.49 oL ff%’o)
b @ T g iR TR PRI R, R G
I_EG|ON ; f 47(205)
emm : TH4 - .L—ZG 2%(21)
S . S—— 18%(19.8°) 207(197) : : : L17 ]
L L-33e ) Lel=32 el FRTTINRIN T L
Q TH-22 14%(20.4) 11%(18.8") 05;—(%77 )
0 © o ® 66 © G
LEGEND Znd AVENUE

@™’ SOIL BORING
iy Mv-7 MONITORING WELL

eL-8 LIF/EC PROBE
14%(20.4) NAPL Fluorescence%(Depth of Reading)

[T

y——u FORMER UNION 76 FUEL STATION NOV 11
LI-S:' H CAMBIRDGE. MN
= g HYDROLOGISTS+ ENGINEERS « ENVIRONMENTAL SCIENTISTS
B ——— MAXIMUM FLUORESCENCE AT EACH PROBE FIGURE
Venue ts 211
adizts, W 6713 Ninpuapole 10 1 P?m;:.m LOCATION 3




"MK 11=17-20111=1 w:\ts\85877\codd\figure probe resulta nov11

SOUTH ADAMS STREET

TH—

o

14%(20.4°)

@ TH-22

\
NN

CASEY'S

NORDBERG
FLECTRIC

5  2%(186°)

: /—39 =40
1% (20 12%(22.1)
. ot-37 : :
A '

: $12%(20.4)
1%(20.4°) :
L-36

16%(19.4,

; /0L—35 g ;: g
. X, :

ﬁ e
werpan |/
LEGION // C

L-20]

LY

. TH-16
D182(19.8) 1 20%(19.7) .
| elT32  tdi : :

16%(19.5"):
122/
®

4

4%(20.3")

L

o- 27757

eL-27

®L41
rrz(lf&e )

ok
\@\\@ © ® ® @& ©

2nd AVENUE/
/

-

LEGEND

\

@H-7

By MW-7

® -8
14%(20.4)

SOIL BORING
MONITORING WELL

LIF/EC PROBE
NAPL Fluorescence%(Depth of Reading)|

~

---\-—.

- e /

-——--——--

3.7%(20.3)

&

-1

/@"l"//

31%(19.7°)

[XOLRS 7 777 7)

%Qol o&; 'I i

o aup 56%(5.4) ) [Lf]
T (Eel-1: @

AT

| —40%-54%(5.57)

i
- .. .

2 |
O O

e

/
/I’

¥ — "
LIESCH
= ; HYDROLOGISTS « ENGINEERS « ENYIRONMENTAL SCIENTISTS

FORMER UNION 76 FUEL STATION

NOV 11
CAMBIRDGE, MN

€000 Gisholl Dr. Sults 203
Madison, WI 63713
(608) 223-1632

13400 16th Avenus N
Minnespolls, MN 65441

(763) 6E9-1423

4300 N, Miller B4., Sults 211
Phosnlx, Az 85251
(€80) 421-0883

FIGURE

MAXIMUM FLUORESCENCE ISOCONTOUR MAP 4




‘MK 11-17-2017i=1 w:\1s\65677\cadd\figure probe results novi1l

STREET
()

5 t é z 5 5 s . ; ; ;

: : ; . : j : ; : MW-2/TH-6 : :

............... ....... j ..... .............. ............... ......................... : ........... I—H ............... ............... ..... ............... JJQD ........... 7

; : : : P : f : f : : @

. o CASEY S L 24 *L—m o N
: : : : : : : EE

[T~

— R . : I
; ORDBERG ? 5 F
w® | ELECTRIC. | |

.. B R L. L Tt ;”‘Eﬂj; ...... & S £ E (D)
® ® © ©® ® ® OSSO |0 O

2nd AVENUE

LEGEND

TH-7
® =il BORING == FORMER UNION 76 FUEL STATION NOV 11

® -8 LIF/EC PROBE ot 3 oo 190 a0 3 e e 1 CROSS SECTION LOCATIONS PlGURE

(68} 25160 B R {460) 421-0883 5




APPENDIX B



PMATRIX

ENVIRONMENTAL LLC

Thursday, March 31, 2011 i

11253 91* Ave. N.
Maple Grove, MN 55369
763-424-4803

FAX: 763-424-9452

-Direct Sensing Report-

Client: Liesch

Project Name: Former Union 76
Location: Cambridge, MN
Project Number: 024-MNDS-10UV

The analysis and opinions expressed in this report are based upon data obtained from UVOST logs
generated (and samples collected for cmulations if applicable) at the location specified, and from other
information discussed in this report. Exceptions, if any, are discussed in the accompanying discussion if
applicable. This report is prepared for the exclusive use of our client for specific application to the
project discussed and has been prepared in accordance with generally accepted practices. Reported
results shall not be reproduced, except in full, without written approval of the lab. The sample results
relate only to the analytes of interest tested. No warranties, expressed or implied are intended or made.

I certify that the data contained in this final report has been generated and reviewed in accordance with

approved methods and our Standard Operating Procedure. Release of this final report is authorized by
Laboratory management, which is verificd by the following signature.

/ i

Approval Signature Date



LIF SYSTEM DESCRIPTION & ANALYSIS

UVOST

Fluorescence is a property of some compounds where absorbed UV light stimulates the emission of
photons (light) of a longer wavelength relative to the source emission. The release of the photons can
be used to detect small amounts of substance (i.c. polycyclic aromatic hydrocarbons or PAHSs) in a
larger matrix (soil). This method of detection has been used in laboratories for decades. Now, with the
availability of lasers and optical fibers, this technology can be applied down hole in the field.

The UVOST system sends light (via 308 nm lascr) through a fiber optic cable strung within probe rods.
The light, reflected by a parabolic mirror, then exits through a sapphire window in the side of the probe.
As the probe is advanced, the soil is exposed to the UV laser light. If PAHs are present (compounds in
POLs that fluoresce, i.e. LNAPL) longer wavelength light is emitted by the contaminants. This “signal”
light is transmitted through a return fiber, back up hole to be analyzed. Responses are indicated in real-
time on a graph of signal vs. depth. The UVOST log displays “color mixed” signal logs (contributions
from 4 channels) and waveforms (“fingerprint” of multi-wavelength) to aid in identification and relative
quantity of the contaminant present.

Prior to every log the UVOST system is checked for optical quality by observing the background signal
for sources of signal in the fiber, filter, mirror and sapphire window. Also, the reference emitter

(a standard proprictary NAPL mixture called the “RE”) is placed on the window to determine the
qualitative and semi-quantitative properties of the laser system. This is to assure that the RE response
has the correct shape and intensity and that the UVOST system is ready to log. Typically the RE will
fall between 10,000 and 12,000 pVs (picovolt-seconds, a measure of waveform arca) and the
background can vary from 0.1% to 1% (area of about 0-100 pVs). It is important to remember that the
relationship between the NAPL in the ground and the RE depends on that particular NAPL. The
calibration of the system is not to a concentration, but to a known fluorescence signature.

EC (Electrical Conductivity)

Electrical Conductivity (EC) is a measurc of the soils ability to conduct an electrical current between two

dipoles on the LIF/EC probe. Conductivity is the reciprocal of electrical resistivity and has the units (in

our application) of millisicmens per meter (mS/m). Since soil is in the pathway of the charge flow, the ‘
grain size can be determined by comparing the EC log to a soil boring. Conductivity readings in the 100s i
indicate smaller grain (size such as clay). Larger grain size (sand and gravels) are typically in the 10s of |
mS/m range. Prior to every log the EC point of the UVOST probe is checked for proper operation by

performing a voltage test with a voltage meter and a conductivity test with a test block.
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RIX

A ENVIRONMENTAL LLC

Main Plot :

UVOST Log Reference Guide

Signal (total fluorescence) versus depth where signal is relative to the

Reference Emitter (RE).The total area of the waveform is divided by the total
area of the Reference Emitter yielding the %RE.This %RE scales with the
NAPL fluorescence. The fill color is based on relative contribution of each
channel's area to the total waveform area (see callout waveform).The channel-
to-color relationship and corresponding wavelengths are given in the upper right

corner of the main plot.

Callouts :
Waveforms from
selected depths or
depth ranges showing
the multi-wavelength
waveform for that
depth.

The four peaks are due
to fluorescence at four
wavelengths and
referred to as
“channels”. Each
channel is assigned a
color.

Various NAPLs will
have a unique
waveform “fingerprint”
due to the relative
amplitude of the four
channels and/or
broadening of one or
more channels.

Basic waveform
statistics and any
operator notes are
given below the callout.

NoteA:

Time is along the x axis.

S

Callouts

[Depth (1) Signal (4RE) 350 400 450 s0p [Cerdimsm
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| Sample Data

UVOST By Dakota
vavn D daTeckookoges com

Final dapth
24.031

7 Sile. Latiude /Datum
R] Midwest - USA Unavailable | NA
- | Clent Longitude / Fix

‘v | ABE Consulting Unavailahle / NA

Max signal
73.0% @13.23 1

s VT OperalorUnit

No scale

is given, but it is a consistent

320ns wide.

The y axis is in mV and directly
corresponds to the amount of
light striking the photodetector.

XXX-OHDS-08 AK/DT/UNVOST1003
Note B :

These two waveforms are clearly
different. The first is weathered
diesel from the log itself while the
second is the Reference Emitter

(a blend of NAPLs) always taken
before each log for calibration.

_|2008-11-12 11:39 5T \

Date & Time.

Note C

callout.

Conductivity Plot ;

The Electrical
Conductivity (EC) of the
soil can be logged
simultaneously with the
UVOSTdata. EC often
provides insight into the
stratigraphy.

Note the drop in EC from
10 - 13 ft, indicating a
shift from consolidated to
unconsolidated
stratigraphy.This
correlates with the
observed NAPL
distribution.

Rate Plot :

The rate of probe
advancement. ~ 0.8 in
(2cm) per second

is preferred.

A noticeable decrease in
the rate of advancement
may be indicative of
difficult probing
conditions (gravel,
angular sands, etc.).

Notice that this log was
terminated arbitrarily, not
due to "refusal", which
would have been
indicated by a sudden
rate drop at final depth.

Info Box :

Contains pertinent log
info including name and
location.

Callouts can be a single depth
(see 3rd callout) or a range (see
4th callout). The range is noted
on the depth axis by a bold line.
When the callout is a range, the
average and standard deviation
in %RE is given below the



Waveform Signal Calculation

CH1 CH2 CH3 CH4 Total
4820 8108 6249

217 * 36

Example

Reference Emitter

Channel | CH1 CH2 CH3 CH4 Total
. , 2984 _ 22161 | Area(pVs) | 4923 5743 4166 , 1735 _ 16587
6 " 282 * 135 = 100% | PercentRE| 223 * 259 * 188 * 7.8 -~ 75%

Data Files

* lif.raw.bin

Raw data file. Header is ASCII format and contains information stored when the file was initially
written (e.g. date, total depth, max signal, gps, etc., and any information entered by the operator). All
raw waveforms are appended to the bottom of the file in a binary format.

* lif.plt

Stores the plot scheme history (e.g. callout depths) for associated Raw file. Transfer along with the
Raw file in order to recall previous plots.

*lif.jpg

A jpg image of the OST log including the main signal vs. depth plot, callouts, information, etc.

* lif.dat.txt

Data export of a single Raw file. ASCII tab delimited format. No string header is provided for the
columns (to make importing into other programs easier). Each row is a unique depth reading. The
columns are: Depth, Total Signal (%RE), Ch1%, Ch2%, Ch3%, Ch4%, Rate, Conductivity Depth,
Conductivity Signal. Summing channels 1 to 4 yields the Total Signal.

* lif.sum.txt

A summary file for a number of Raw files. ASCII tab delimited format. The file contains a string
header. The summary includes one row for each Raw file and contains information for each file
including: the file name, gps coordinates, max depth, max signal, and depth at which the max signal
occured.

*lif.log.txt

An activity log generated automatically located in the OST application directory in the 'log' subfolder.
Each OST unit the computer operates will generate a separate log file per month. A log file contains
much of the header information contained within each separate Raw file, including: date, total depth,
max signal, etc.

Common Waveforms (highly dependent on soil, weathering, etc.)

L.

’ Mofor Qil

Kerosene
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UVOST LOGS
@ 40% RIE




Callouts Depth (ft) Signal (%RE) 3650 400 450 500 |Cond (mSim)  [Rate (inis)
300 0.0 - 4 = _
] . ot p 2
L 13 13
2001 + £ ] ,{ P
100 Faar 1 1
IE ]
100.0 %RE 10.0] i A
-15.0] 4 1
5 . 1
i s B snah e it _20(} E_ {-
| Background
0.5 $RE
L40.0-
45.07 +
150,01 1 1
H55_(_'H 5 I
_600 - T B e T T 1 i T T Ly L L
0.0 10.0 20.0 30.0 100 2.0
UVOST By Dakota
‘A M W-7 i DiakotaTeo hnoﬁ]ies com
/A Site: Latitude / Datum: Final depth:
,,_E: MATRIX Former Union 76 Unavailable / NA 3.20ft
& . ENVIRONMENTAL LLC | Client: Longitude / Fix: Max signal:
='-; L pmmmmare | Liesch Unavailable / NA 89.8% @1.20ft
: Joh: Operatot/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 09:58 CDT




Callouts Depth (ft) Signal (%RE) - 350 400 450 500 |Cond (mSim) Rate (Inls)
0.0 e . =
300 ] = ] . ]
sl ; 4 5
2001 ] ——— 1 11 1
L 5.0 D 1Z .
100 J Pz = ?
| (/ (‘
T | ] f »,
RE nx =)
100.0 3RE 10.0- ‘_,g-———-s'd T2 ;-‘f{f—:-
] e ] —
5 | { 1§
] z ] 7 _
F15.0f == 1+ +H
5 : ] 3
1™t | ;
[ ] — i ] ) f?-
ek 2001 T = ¥ 137 ]
Background 17 /5
0.4 3RE 1 5 ] "—,\:
- By 13
2ol f 1
e ;
» r g ] <]l
(: 1
e ] z@ < ]
130.0] - ~{§ ]
=7
5.3 £t 17 ] LJ?
31.3 3RE _35_0_[ 1 <L- }
- j, ._!.'{{
] T ]
-40.0 1 — I .
] 5 1%
= N
[45.0] T —_ +2 .
4 “_—;E_ f S
] T 1 ‘%
1 3.}
-50.01 + t= 1
| }
/ ]
; : ¥ ;
5.0, + +Y ]
g
] i i<
‘60.0“—'—'—'—""r L S R R T el e R S R e Tl it =T 5 1
0.0 10.0 20.0 30.0 100 2.0
-1 UVOST By Dakota
:_.-,,;: veer DakotaTechnelogies com
. Site: Latitude / Datum: Final depth:
I\IIATRIX Former Union 76 Unavailable / NA 57.03 ft
NVIRONMENTAL LLC | Client. Longitudle / Fix: Max signal:
pmmmmmrem | Liesch Unavailable / NA 156.4 % @ 5.43 ft
Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 10:11 CDT




Callouts Depth (ft) Signal (%RE) 7 350 400 _450 "500 Cond (mS/m) Rate (Infs)
300- - A { - ] 1%
= ] 17
2001  (— 11 Y
i Y 11
] { - 5.0 LL‘i_ Je. 1
100+ 1 e = N -
] ¢ 1
] B 1 ('
RE ] .l ] £
100.0 %RE 10.04 o i ,‘;i
= ] 1€
b o
g, 14
15.0 > "
L15.0] il
. M |
e s
] = \) - ‘"—f
pne b Ao ][ [F20.04 i T i
Ba-*l’ut ouned 1 e 1\"_ Z
0.2 %RE loem—m————— 1 :(.2‘
1 = 55_
. 25.0] 1 S 1%
200 ] 5 ‘i 15
] ] : 1z
100 -30.0 i ? __(,_,3
6.2 ft 2 }_>
131.2 SRE ] } €
-35.0 ( -
] f;} }'_,
30 ] N
204 -40.0 +
10 -
17.8 AR 1 1
13.3 ]
- 50,01 4
40 ]
o ]
2 ,\‘I 55.04 + -
EASTEES
14.7 %RE
_600 """"" s e T A TN L Tk ¥ T L T T T ¥ L
0.0 10.0 20.0 30.0 100 2.0
4 -2 UVOST By Dakota
& v DakelaTechnologies com
,v Site: Latitude / Datum: Final depth:
MATRIX Former Union 76 Unavailable / NA 38.00 ft
h ENVIRONMENTAL LLC | Clienl: Longitude / Fix: Max signal:
—vr._:.__ Tt Liesch Unavailable / NA 146.9 % @ 6.16 ft
' Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 11:21 CDT




Callouts Depth (ft) Signal (%RE) 250 400 450 500 Conit;lrfmSIm) Rate (inls)
300L B 0.0 j 3 i 1 ";\'j -}
200 = l ?}f
L5 0_ L'\-—u—?:—,' 1 1 g,fg;' 1
100 ’ ] — ] i‘f‘ ._:_? 1
] = B ] {} ':-f:
] : ———uu i = 3
RE 1 o 1 ;1 ;é.
100.0 3RE 1000 —— 19 1= ]
] — ] } =
{ 11 i
>, {1 :
] i ——— 3 =
-15.0 R - ? +3
2 ] A {1 )
= iR
.k | o —5‘
S ¢ 1.4
R 200] & ¥ i 15 .
Backqground | e 1 L }==
0.3 %RE ——— 1 Y =
o {_7_ ‘] 1 r“
- 25 oE ] g" =
L. i = i’; =
I50- E ; f 1 2\
1001 : : ) s ]
1 ] 1 T g i
50 ] ~300f jn i { _""T ]
b
G.3 £t ¢ 1
GG.0 3RE 35 0] 1 1
60 ]
o -40.01 + 1
20 - L '
1.9 e Bl 3 £ 1
14.4 %RE ]
50,0/ + 1
20 ]
10 55.0] T 1 1
Ry .
21.4 ft ]
9,9 3RE 1
60,0 AR |G | AR Tt R S
0.0 10.0 20.0 30.0 100 2.0
L-3 UVOST By Dakota
vevet DakalaTechnologies com
Site: Latitude / Datum: Final depth:
Former Union 76 Unavailable / NA 33.02 ft
Client: Longitude / Fix: Max signal:
Liesch Unavailable / NA 70.8 % @ 6.39 ft
Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 13:13 CDT




Callouts Depth (ft) Sigl1aT(°/;R_IE) 350 400 450 500 |Cond (mSim) Rate (infs)
3 - 0.0 { = ———— 1
] ¥
- i 3 =
L 5.0 =N L g ,T':f;- ]
1001 > 1 o '
i | s } "‘g
TE . S :3;
100.0 %RE -10.0- _ T
j ?') 3 ;3 1
] 15.04 ( +{ N :
5 ] 1 ~, 1 ‘ 3
\{,. 14 -«g’
= : E
ek bk | [f200] = 1 ) +4 :
Background o ] [\ 1=
0.3 $RE g ] e ;5%_
J 13
il -}{ Iy 31
I =
] 3 3
] { !
o ( V:.:r{
| i
y
_400_ == -1 3
,45(} _:_ ]
50,0 4 + :
55.0° ] 1 .
71.1 ft
6.7 $RE ]
'600 T s T T T T T T L SR T
0.0 10.0 20.0 30.0 100 2.0
. L-4 UVOST By Dakota
!/,:'“ vt DakotaTechnologies com
Site: Latitude / Datum: Final depth:
] MATRIX Former Union 76 Unavailable / NA 32.01ft
‘;&ENVIRONMENTAL LLC | Client: Longitude / Fix: Max signal:
"‘35;-'.; prmmmeEn A Liesch Unavailable / NA 18.7 % @ 5.62 ft
b Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 13:48 CDT




Ca“OLItS_ Deplh (f't) Signal (%RE) 350 400 450 500 ;d (mSim) Rate (infs) -
,0‘0, — r
300_ T ¢ 1 .{
] § i
200- ] \<\ 14
L 5.0 N Al i .
100} 1 Py =
¢ z
RE ] ] s ,;.
100.0 2ZRE L10.0- ;b ,{3 3]
] 1 .i‘?_
|
[ 2
-15.01 ] § + &
& =
; | §
] ] 3 :
ot b drsnin ) 2005 1/ 12 ]
Background ] 1 j
0.4 3RE 1 1 &.\\
] ] %,
L5 OJ E: < i ]
e ] “}. : 30
, g 1<
] { ¥
-35.0 ' + |
400/ 1
-45.01 5 T :
-50.01 + T ]
ﬁ55l(y: _:_ _i_ ,
+60.0 ‘ff""'I'!""'"'\|HHIH"1""""'-‘1 T T T T T T ...\,.‘..—1
0.0 10.0 20.0 30.0 100 2.0
L-5 UVOST By Dakota
vy DakotaTechnoleoles.com
Site: Latitude 7 Datum: Final depth:
( MA RIX | Former Union 76 Unavailable / NA 31.05 ft
E‘_VENVIRONMENTAL LLC | Client: Longitude / Fix: Max signal:
;R pmmrare - Liesch Unavailable/NA  [2.3% @ 25.37 ft
> Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 14:23 CDT




Eallouts Depth (ft) STgI_Wll (%RE) 350 400 450 500 |Cond (mSim) Rate (inls)
— - 0.0 iy . *7
] ‘:f_;:_——; ? 1d
200 I iy -
a0l = 11 =
100- i = — L&
? O e (;)
i —‘-—-—‘__—‘q:._— a j
RE : ( o
100.0 %RE : E I
10.0_ g i b
JEar T 1
< ] L 4}
-15.0 + B
. ¢ 1.8
1 l—ﬁ_.l__ 1 ?
laa Aoa 2004 =T T T i
‘Background 17 1
0.3 3RE Lo
] j
1 11
1503 I 1]
100- i 3
50 1 1 z =
% g
>
6.4 £t
63.1 iRE (35 01 J
40.01 -+
-45.01 + 1
-50.04 +
55,0 + +
19.9 ft 1
18.1 %RE ]
F60.0- RS S S e T E— e T LI} I L
0.0 10.0 20.0 30.0 100 2.0
L-6 UVOST By Dakota
vivied DakotaTechnologies.com
Site: Latitucle / Datum: Final depth:
Former Union 76 Unavailable / NA 32.00 ft o
Client: Longitucle / Fix: Max signal:
Liesch Unavailable / NA 63.1 % @ 6.36 ft
Jobh: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 15:02 CDT




Callouts Depth (ft) Signal (%RE) 350 400 450 500 |Cond (mSim) Rate (Infs)
D - 0.0 -
200} ] ] j
] ] \1 e.i
50 I i B
100- >03 T D =
; 5 3
— -
RE e 3
100.0 $RE L10.0° 4 1 13
s 12
~ 1 }
1 — ! H
11501 1 ( 1%
51 ‘{ ] 5 1 «j
o ) H
wbha oot T e 12
Backqg round ﬁ)‘—" § 1=
0.5 $RE E3 ﬁ 12
1 5
] 4
30 4 125,07 \'3 1 ?
] \{ =
- , 5
] ] ; i
10 | £30.01 & £ i1
I_‘; .} 16
8.4 ft ]
14.7 3RE 3 S 1
-40.0 + +
-45.0 + 1
-50.04 4 +
\ -55.01 1 +
soo—ﬁﬁfﬁffwmﬂﬁrﬁﬁﬁn ——r——T—T— .
0.0 10.0 20.0 30.0 100 2.0
: L-7 UVOST By Dakota
{ & viren DakataTechnalogles.com
Site: Latitude / Datum: Final depth:
£ TRIX Former Union 76 Unavailable /NA 32.03 ft
N\ ENVIRONMENTAL LLC | Client: Longitucie / Fix: Max signal:
a;;e, e Liesch Unavailable / NA ~|20.7 % @ 8.55 ft
b Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 15:31 CDT




Callouts 1 ngth (ft) Signal (%RE) a50 400 450 500 |Cond (mSim) Rate (Infs)
B 0.0 57— =
300 ] 7
1
200 _:{;
1 ] 1 i
N Jx
100+ i £ L=
| {3
] I -5 ]
RE 1 3 )_.3
100.0 %RE L 12 N
¥ I
] =
2. ar
5 1 < 17
(AN =
/ IS ]
b hoa 1 1 :
Background 1 ]}
0.3 %RE 1 (,}
oo it
] <‘,‘:—ﬁ- : ?
1 { 1% i
7.3
3501 + |
30 1
20 -40.0] + +
10 -]
] ]
3.2 ft p15:8 4 T ]
12.1 %RE 1
' 500, + 1
1
20
10 4. [55.0- 32 . ]
19.4 ft
13.1 %RE ]
L6007+ Iy I o
0.0 10.0 20.0 30.0 100 2.0
X L-8 UVOST By Dakota
./ verrn DaketaTechnologies com
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N Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 13:13 CDT
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Client: Longitucte / Fix: Max signal:
Liesch Unavailable / NA 8.7 % @ 5.62 ft
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024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 13:48 CDT
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Site: Latitude / Datum: Final depth:

{’(’ MATRIX Former Union 76 Unavailable / NA 31.05 ft |

‘ L ENVIRONMENTAL LLC | Client: Longitucle / Fix: Max signal:

= mewmareen - | jesch Unavailable / NA 2.3 % @ 25.37 ft
v Job: Operator/Unit: Date & Time:

024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 14:23 CDT
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Site: Latitude / Datum: Final depth.
'; MATRIX Former Union 76 Unavailable / NA 32.00 ft
é\_ NVIRONMENTAL LLC | Client: Longitude / Fix: Max signal:
=$—% et [ Llesch Unavailable / NA 63.1 % @ 6.36 ft
' Joh: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 15:02 CDT
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4 Site: Latitucle / Datum: Final depth:
4 MA RIX Former Union 76 Unavailable / NA 32.03 ft
ENVIRONMENTAL LLC | Client: Longituce / Fix: Max signal:
Y repmaevest | Liesch Unavailable / NA 120.7 % @ 8.55 ft
" Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 15:31 CDT
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300 TR0 { N
] 13
200 i 1.2
] ] L
- 5.0 - fme
100+ 1 ] o
t %
TE B 3
100.0 $RE 10.01" 12
] £ L
[ 1 1=
5 A E
A .k‘ .& A 3 ‘;7;
Background ] k
0.3 3RE ¥
. t ?
40 1 1 <
_ _ ) | 7
20 -30.01 + ;—fﬂ' | %
§ -
7.8 ft ]
18.3 %RE 35.0]
40.0]
-45.0 + +
| N -50.0 T I
55,04 T I
F60.0H——r T vy T T LN N TR WG, SR VR LA ) L
0 50 100 150 100 2.0
-8 UVOST By Dakota
,/ veew DakotaTechnologies.com
y. Site: Latitude / Datum: Final depth:
MAT IX Former Union 76 Unavailable / NA 32.02 ft 3
5 ENVIRONMENTAL LLC | Client: Longitucle / Fix: Max signal:
“" |Liesch Unavailable / NA 30.4 % @ 7.95 ft
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024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 16:04 CDT
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024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 16:34 CDT
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Site: Latitude / Datum. Final depth:
RIX Former Union 76 Unavailable / NA 30.00 ft
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024-MNDS-11UV MJ/DT/UVOST1003 2011-03-21 17:01 CDT
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/ Site: Latitude / Datum: Final depth:
- Former Union 76 Unavailable / NA 30.00 ft
% Client: Longitucle / Fix: Max signal:
=$ Liesch Unavailable / NA 1.5 % @ 0.01 ft
' Jobh: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 09:26 CDT
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Site: Latitude / Datum: Final depth:
’ MA Former Union 76 Unavailable / NA 31.01 ft
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Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 11:12 CDT
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UVOST By Dakota

viveed DakolaTechnologias com

Site: Latitude / Datum: Final depth:

Former Union 76 Unavailable / NA 31.01 ft

Client: Longitude / Fix: Max signal:

Liesch Unavailable / NA 18.4 % @ 19.77 ft

Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 11:41 CDT
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/",f Site: Latitude / Datum: Final depth:
<\ MATRIX Former Union 76 Unavailable / NA 31.00 ft
%;ENVIRONMENTAL LLC | Client. Longitude / Fix: Max signal:
EY: s | jesch Unavailable / NA 31.1% @ 19.70 ft
' Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 13:39 CDT
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Site: Latitude / Datum: Final depth:
MATRIX Former Union 76 Unavailable / NA 31.01 ft
L ENVIRONMENTAL LLC | Client: Longitucle / Fix: Max signal:
= e Liesch Unavailable / NA 15.8 % @ 18.56 ft
' Job: Operator/Unit; Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 14:13 CDT
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L-16 UVOST By Dakota
veeeet DakotaTechnologies.com
Site: Latitucle / Datum: Final depth:
& Former Union 76 Unavailable / NA 131.00 ft
N Client: Longitucle / Fix: Max signal:
.-_% Liesch Unavailable / NA 25.4 % @ 19.96 ft
! Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 14:47 CDT
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,g;:_ENWRONMENTAL LLC | Client: Longitude / Fix: Max signal:
% e | Liosch Unavailable / NA 2.3 % @ 20.54 ft
' Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 15:16 CDT
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Site: Latitucle / Datum: Final depth:
MATRIX Former Union 76 Unavailable / NA 31.00 ft 1
ENVIRONMENTAL LLe | Client: Longitucle / Fix: Max signal:
‘E.v | e Liesch Unavailable / NA 1.6 % @ 2.02 ft
’ Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 15:44 CDT
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L-19 UVOST By Dakota
veerod DakotaTechnologies com
Site: Latitucle / Datum: Final depth:
(< MATRIX Former Union 76 Unavailable / NA 33.07 ft
e FNVIRONMENTN LLE | Client: Longitude / Fix: Max signal:
% e |iesch Unavailable / NA 43.7 % @ 7.85 ft
Job: Operator/Unit: Date & Time:
024-MNDS-11UV MJ/DT/UVOST1003 2011-03-22 16:11 CDT
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/f Site: Latitucle / Datum: Final depth:
(j\ MATRIX | Former Union 76 Unavailable / NA 33.06 ft
%éz,‘ENVIRONMENTAL LLC | Client: Longitucle / Fix: Max signal:
-——_;ﬁ Liesch Unavailable / NA 15.8 % @ 19.43 ft
Job: Operator/Unit: Date & Time:
024-MNDS-11UV DT/UVOST1003 2011-03-24 08:48 CDT
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4 / 4 Site: Latitude / Datum: Final depth:
¢ MATRIX Former Union 76 Unavailable / NA 32,00 ft
& . ENVIRONMENTAL LLC | Client: Longitucle / Fix: Max signal:
!—l_vﬁ s iesch Unavailable / NA 24.4 % @17.92 ft_
’ Joh: Operator/Unit: Date & Time:
024-MNDS-11UV DT/UVOST1003 2011-03-24 09:30 CDT
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