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/NCAUTION

CAUTION indicates a hazard with a low level of risk
which, if not avoided, could result in minor or moderate
injury.

WARNING indicates a hazard with a medium level of risk
which, if not avoided, could result in death or serious
injury.

A DANGER

DANGER indicates a hazard with a high level of risk
which, if not avoided, will result in death or serious injury.

1.0 Objective

This document serves as the standard operating procedure for the Gedi@gieal Image Profiler
(OIP) system. In this predure, the OIP system is used to measure the fluorescence response of
polyaromatichydrocarbons(PAHs)in the soil excited byultraviolet UV) light or green lightfor
identifyingnon-agueous phase liquidNAPL) hydrocarbdinels, oils, and tarsAdditional information

about the application of the OBV system is available in an Open Access publication (McCall et al.
2018).

A\ CAUTION

1 The Optical Image Profiler UV (OIP -UV) probe contains an ultra -violet (UV) light source.
Looking at the UV light source without proper UV eye protection will be harmful to your
sight and should be avoided.

1 The Optical Image Profiler Green (OIP -G) probe contains a green laser diode. The OIP -G
is a Class 1 laser product (see below). Avoid exposure to the beam. Do not s tare into the
beam or view directly with optical instruments.

See Appendix 2 for GG output parameters
See Appendix 3 for G@labels and label locations
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2.0 Background
2.1 Definitions

Geoprobé*: A brand of high qualityhydraulicallypowered machines that utilize both static force
and percussion to advance sampling and logging tools into the subsurface. The G&bpmabe
name refers to both machines and tools manufactured by Geoprobe Sy%t&akna, Kansas.
Geoprole®tools are used to perform soil core and soil gas sampling, groundwater sampling and
testing, electrical conductivity and contaminant logging, grouting, and materials injection.

*Geoprob&and Geoprobe Systeffare registered trademarks of Kejr, In@liga, Kansas.

Optical Image Profiler (OIP) Systehsystendeveloped by Geoprobe Systeffisr the detection of
non-aqueous phase liquid (NAPL) hydrocarbon fuels and tardn the sibsurfece. The OIP system
uses arlJVor green light sourceo induce fluorescence dhe polyaromatichydrocarbors (PAH) of

the fuels oils, and tarspresent in the soil. A down hole camera captures an image oinitheced
fluorescence. The captured image is then analyzed to determinertaoéfluorescence. The NAPL
hydrocarbon fué oil, or tar is measured as the percent area within the image that contains
fluorescence.

Hydraulic Profiling Tool (HPT) System: A system manufactured by Geoprobe Systamalsiate the
hydraulic behavior of subsurface soil. The tool is advanced through the subsurface at a constant
rate while water is injected through a screen on the side of the probe. Aindrpressure sensor
measures the pressure response of thd smwater injection. The pressure response identifies the
relative ability of a soil to transmit water. Both pressure and flow rate are logged versus depth.

Optical Image Hydraulic Profiling Tool (OiHPT) System: A system manufactured by Geoprobe
Systens®which combines the OIP system and HPT system. The tool allows for the collection of both
OIP data and HPT data in a single advancement of the tool into the subsurface.

Class 1 Laser ProductmAlaser product which during operation does rallow acess to laser
radiation in excess of thaccessible exposure lingt Class 1 fathe specifiovavelengthand emission
duration. Accessible exposure limits are setthg IEC60828. and FDA 21 CFR standards. Class 1 is
the lowest possible class for laser product.Class llaser products are considered safe during
operation, even in the case of directly viewing the beam.
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2.2 Introduction

The OIP system has been developed by Geofjifusethe detection of NAPhydrocarbonfuels,

oils, andtars presentin the soil. NAPL may be detected as layers, ganglia, blebs or droplets of
product in the formation matrixThe OIP probe includes an electrical conductivity (EC) array to
measure bulk formatiofcCas the probe is advanceat a rate of 2 todft/min. The OIP probe and
logging system can quickly provide logs that are easily interpreted. They@é&Pnprovideslogs of
percent area of fluorescence (%A&)ng withimages of fuel fluorescence with depffhe %AF logs
andimagesare used to indicie the presence bNAPLandthe EC logs may help define lithology.

The OIRUVprobe (Fig. 2.1) uses an Wight emitting diode (LEDyith maximum intensityat 275nm
(nanometers) The UV light from theEDpasses through the sapphirindow and orto the sdl. If
fuels @gasoline, diesektc.)are present in the soithe contained PABIwill absorb the UV light and
emit fluorescance, often in the visible rangeThe camera captures the image of the visitiel
fluorescence The capturd image is then analyzed to determine the number of pikelthe image
that indicate fluorescecetypical ofLight NAPLfuels and oils

The OIFG probe (Fig. 2) uses agreenlaser dioddight sourcewith maximum intensityat 520nm.
Thegreenlight pases through the sapphireiindow and oro the soil. Ifcoal tars, creosote any
heavyfuels or oilsare present in the soithe contained PAHwill absorb thegreenlight andemit
fluorescance, typicallyin the orange to red wavelength rang@n optical filter on the camera
excludes any refleed green light from the light sourc&heorange to red wavelengtfiuorescence
passes through the optical filter and the camearapturesan image of the fluorescence. The
captured image is then analyzégy the softwareto determine the number of pixels in the image
that indicate fluorescence typical bEavyNAPLfuels, oils, and tars

AnECarrayis built into the OIP probe. This allows the user to coledk formationEC data for
lithologic interpretaton. In general, the higher the electrical conductivity value, the smaller the
grain size, and vice versa. However, other factors can affect EC, such as minpmgyater
chemistry (brines, extreme pkéeawatej as well as metallic objects in the kdfargeted core
samples should be collected to confirm lithologic interpretations based on EC logs.

Datais collectechndisviewed in real time through the DI Acquisition softwate field instrument
collectsthe electrical conductivity, probe rate, diagnostic parametezsad depth. The optical
interface collects the fluorescence images. The field instrument and optical interface send the
collected data to the laptop computer. The laptop computer stores and disphaycollected data

with depth through the DI Acquisition softward@he laptop computer analyzes and stores the
fluorescence imageand displays the percent fluorescenaéh depth.

For OIHPT see the HPT Standard Operating Procedure (Sqeyatingthe HPT system.
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Figure 2.1 Drawing of the GUP/Probe Figure 2.2 Drawing of the O Probe
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3.0 Tools and Equipment

The following equipment is required to perform and record@iflog using a Geoprol86é6- or 78 Series
Direct Push Machine. Refer to Appendix | for identification of the specified parts.

BasicOIPSystem Components Quantity Material Number
Field Instrumat, 120V (Model FIGO00)...........cccvvvveeeerrerdo i 213940
Field Instrument, 220V (Model FIB003).........cccvvvveeennn X e 213941
OIP INterfaCe......ccoovieiiiiiiii e eeaaaaan o 224720
HPT Flow Module, 120V (Model K6300)..............cuvenee R 214091
HPT Flow Module, 220V (Model KB6303).........vvvvvmmmins e 214093
DIAcquisition Software.........cccccceeeeeeei e, T L 130063
OIRUVPTrobe, OPB560..........oeeevieiiieeeiieeeeie e X 224739
OIHPTUVProbe, OPBBD .........cccceveeeeeiiiiiiieeee e Fl e 227466
OIRUVPOWET SUPPIY.ceieeeiiciiiiiiieeeeeiiiieee e e esiiireee e e 3 R 224692
OIHPTUYV POWEISUPPIY....coeeiiiiiiie e 2 o 228265
OIRG Probe, OPB710.....cccccoiiiiiiiiiiee e X e 228267
OIHPTFGProbe, OPB20........cccuuiiiiieeeeiiiiiiee et 2 e 231346
OIRGPOoWEr SUPPIY..ccvviiiiiiiiiiiiiie T 230392
OIHPTG Power SUupply........ooooeeiiieiieeeecevee T 231345
1.75in Connection TURE.......cccccovevvriiiiriiiriniieeeeeeeeeeeeeas e 219594
1.75 in Connection Tube with Friction Reducet....... (optional)...........cccuveeeee. 225827
Drive Head 1.5n Pinx 1.75in SL BOX.....cccccvvvvviviiininnne. e, 220545
Drive Head 1.75 in PXIL.75in SL BOX...coovvviivvviiee 2 e, 220130
Trunkline Seal Spacer (Paif)......cccccceeeeeeeeiiii e i 207596
Trunkline Seal Yellow............ooooiiiiiciiieeeeeee P 207773
Trunkling SeaRe.......covvveeiiiiiiiiiiiiee 211768
OIPTrunkling 150 fl.......cooiiiiiiiiee e L 226362
OIHPTTrunkling 150 ft.......oovviiiiiiiiiieeeeeeee e e, 228254
OIP SerVice Kil..uuuoiiiiiieeiieeeeren e S 226361
HPTSerVice Kit.......ooooiiiiiiee e, e 205599
HPT Reference Tube 1.75in Probe.............................. R 212689
HPT Reference Tul2e25 in Probe........vvvvviviill K 211762
Stringpot, 10ENCH.........oooiiieeeieeeeeeeeeeeeeeee e P 214227
Stringpot Cordset, 6fet (19.8 M)......cccvvvveeeiiiiiiiieens Sl 202884

*Use in place of 120V components if desired.

** For OiIHPT

*** For use with 1.75 in rods

x No longer available. All OIP probes will be sold as GUHRF Gprobes
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3.1 Computer Hardware Requirements

Minimum Recommended or Higher

i3 4" Generation 2.0GHz Processor i5 6" generation 2.4GHz Processor
4Gb of RAM 8Gb of RAM

Windows 7 Windows 10

The latest DI software can be downloaded from the Geopnaimesite

4.0 OIP Assembly

Probe Assembly
Refer to Appendix 1

4.1 Threading the Rods
1. Protect the endof the trunkline to be threaded through the rods with electrical tape.
2. Probe rods must alternate directions prior to threading the trunkline.

3. The end of the OIP trunkline witbnger leadto the chrome connectaris the downhole or
probe end.

4. The prdoe end of the trunkline will always enter the male end and exit the female end of the
probe rods.

5. The instument endof the trunkline(shorter leads to the chrome connecgpwill always enter
the female end and exit the male end of the probe rods.

6. Afterthe trunkline is through the probe rods make sure the downhole end is threaded through
the male end of the drive head and connection tube prior to connecting to the probe.

7. The trunkline is now ready to connect to tREP interfaceandto the OIP power spply and
probe.

4.2 Instrument Setup

1. Connect the Field Instrument (FIGODOIP Interface (OP6100), alagitop to an appropriate
power source

2. Connect the FI6000 to th@P610Qusing the 62pin communication cable inserted into the
acquisition port of each instrumen$ee figure 4 for the OP6100 cables.
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3. Connect theDIP EC Breakout Cable to the green terminal block connector on the FI6000 and
OP6100

4. Connect a USB cable frahe back of theFI6000 to the back of the OP6100

5. Connect the OIP Video/EC Cable to the OP6100 and tapthele end of the OIP Trunkline
designated by a yellow, orange, brown and 2 red wires

6. Connect the OIP Control Cable to the OP6100 and to tHeolgoend of the OIP Trunkline
designated by a white, grey, blue, green and black.wire

7. Connect two USB cables to the front of the OP6100. Wait before connecting the USB cables to
the field laptop.

62-pin Communication Cablggﬂ.—-, i OIP Video/EC Cable

Figure 41 OP6100 cables excluding USB cables

4.3 Connecting th®©IPProbe to the Trunkline
1. Connect thdonger OIRProbe chrome connectdeadto the OIP Power Supply. This connector
pair is unigue and will not connect to any other chrome conne(fay. 42). This side include

the white, bluered, green and black wires.

2. Connect the shorter OIP Probhrome connectofeadto the OIP Trunkline chrome connector
with the longest leadFig. 42). This side includes the yellpwlack,and 2 red wires.
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3. Connect the OIP Power Supply to the OIP Tm@klhrome connector with the shorter leads
(Fig 42). The wires here will include the white, blue, green and black wires.

4. Wrapthe collar of each of the chrome connector pairs with electrical tgig. 43). This step
will help to stop the chrome conneat pairs from disconnecting during logging.

5. Loopand tapethe wires from the longer of the OIP Probe chro(fey. 44).

6. Loop and tape the trunkline wires above the OIP Power Sipy45) such that the overall
length from the top of the OIP probe the jacket of the OIP trunkline does not exceed 2 ft.

7. Cover the connections with a 2firotective sleeve, sircas a LB Liner Tube (MN223827) shown
in Figure 4.6

8. Itis recommended to create a strainlief using tape below the water seal (Mg7).

1A STAT @ P
Figure 42 OIP Probe, OIP Power Supply and OIP Trunkline Connections
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Figure 45 Loopéd OIP Trunkline Leéds_,
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Figure4.6 Connection Liner Tube Sleeve

Figure 47 Trunkline Strain Relief and Water Seal

5.0 Field Operation

5.2 Starting the Software

1. Make sure the FI6000 ar@P6100 are powered down. Make stiine two USB cables
connected to the front of the OP6100 are not connected to the laptop

2. Power on the FI6000

3. Connect the two USB cables from the front of the OP6100 to the laptait for at least 1
minute or for the all the device drivers to install.

4. Power on the OP6100

5. Start the DI Acquisition SoftwarBl Acquisitiorshould open in OIP modg&ig. 51).

Standard Operation Procedure Optical Imagé®rofiler (OIP)
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Fle Sensos View Gaph Help
[1 % fenge 10 = [ R] S 49 | Depth (P9 | Time (F19) Optical F11)

EC (mSim) ROP (fmin) Flusesscence (%) Frames Pas Sacoed Deoth (1)
= W wm W @ WO n 5 3 2 s s s

Trigger
» Standby

Figure 51 DI Acquisition in OIP mode

5.3 Running the Software

1. { St SO0 a{GFINI bS¢g [23¢ ¢ K $vhich @ifFlé gidredB thg A £ £ N
log file. Selecta rowsee to name the log file and select thstorage location (Fig5.2).

2. {StS0OG abSEl¢® LT GKS a2Fis6l NB r(olssettiogS Sy Nizy
includingStringpotlength andod length. If any of these have changed or you are unsaiect
Gb2E G KSE NS ff GKS alyS aSt SO0 aesSa¢o L ¥
the propersettings after the quality assurance (QA)tesingA ¥ & 2 dz & Sseléctvt SR &, S
of these settings will be bypassed.
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Log Information
Filename: Browse...

Company: Geoprobe
Operator: | BAJ
Project ID: |OIP Demo

ccccc

Frames Per Second

5.4 QA Testing the EC and OIP Systems

A. EC Load Teg¢Fig. 5.3

1. Clean and dry the EC dipole as well as the probe body around the pin.

Figure 52 DI Acquisition Starting New Log

Both the electrical conductivity (EC) and OIP components must be tested before and after each log.
This is required to ensure that the equipment is working properlyiammdpable of generatingpod
data before and after the log.

For OIHPT see the HBDP for how to perform the HPT referenceaest details for operation of
the HPT system (Geoprobe 2015).

Place the low (brass) side of the EC Dipolejig&tetween the EC pole and body of the probe

and run the lowtest, hold for 5 seandsuntil the system captures the data.

Place the high (stainless steel) side of the EC Dipole test jig between theoleCadid body of
the probe and run the highest, hold for 5 seends until the system captures the data.

If either the low or high test fail, see section 6.1 for troubleshooting assistance

Standard Operation Procedure
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Start New Log

EC Load Test

High

EC (mS/m)

1.57

Clear Tests

Use brass
contacts for
low test and

silver contacts
for high test.

Target (mS/m)

360.0

Actual (mS/m)

XON

< Back

P/F
run

run

Next >

Figure 53 EC Load Test Window

B. Optical TesiFig. 5.4

The optical testing is done to ensure thiae camera and light sources are working propeflye

grarotsS GF NBSG

Aa

dza SR

g2

@S N FThe binék Dox @bt S NI Q&

used to verify that there are no objects or contaminants on the inside of the OIP window which
couldresult in false positive Diesel and motor oil are used to check the functionality of the UV
light source and the camera detection. Please note, the optical test recommended values are not
passfail and it is up to the operator to determine if the OlRlpe is working properly.

Standard Operation Procedure
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Start Mew Log

X

Optical Test

Start Camera

Fluorescence (%)

Frames Per Second

30.0

Optical Power (ma)

193.3

Name Lighting Recommended  Actual (%)
Visual Target
Black Box uv <0.1%
Diesel uv = 70.0%
Motor Oil uv = 80.0%

Current Test
Visual Target
Visible

Capture

Custom Test

Add and Capture

| Cacel || <Back || Next> Finish

Figure 5.4 Optical Test Window

1. Filltwo cuvettes withdiesel and motor oil (Fi.5)

Figure 5.8Cuvettes of Diesel and Motor Oil

2. Insert diesel and motor oil cuvettes in to the cuvette hol@€ig.5.6)

Standard Operation Procedure
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Figure 5.68Cuvette Holder Assembly

3. Pacethe visual target on the Cuvette Holder atbusinesscard over the window. Using the
camera displayverify that the image on the card is in focus afidplaying the proper color.
Capture the image for the visibl@arget test (Figure 5).

4. Pace an empty side of the Cuvette Holder over the window. Use the camera display to ensure
that no external light is passing through the cuvette holder over the window (Fig. 5.8). Capture
the image for the black box test. The amired fluorescence should be less tlah%.

5. Place diesel side of the Cuvette Holder over the OIP window. Use the camera display to ensure
the cuvette is centered over the window (Fig9)5.Capture the image for the diesel test. The
measured fluorescemcshould be greater than 70%.

6. Place motor oil side of the Cuvette Holder over the OIP window. Use the camera display to
ensure the cuvette is centered over the window (Fi§).5Capture the image for the motor oil
test. The measuredudbrescence shouldébgreater tharB0%.

7.1t A0l GQCAYyA&aKé G2 O2YLX SGS GKS v! (Saday3

If any of the fluorescence readings are outside of the expected ranges or the if the visible image is not
in focus see section B for troubleshooting assistance

Standard Operation Procedure Optical ImageProfiler (OIP)
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A DI Acquisition

File Sensors View Graph Help

B} Range: 10~ ft Q 4™ | Depth (F9) Time (F10) | Optical (F11)

Lighting Options

None ‘
W |

Visible |

Capture
Capture Al ‘
Camera
Image

Analyzed
Image

Start Camera

Depth (ft]

Selected
Test
Start New Log X
ptical Test
Start Camera ‘
Fluorescence (%) ‘ Name Recommended  Actual (%)
Frames Per Second Black B uv 0.1%
acl OX - f L&
30.0 >
e AO " o
Optical Power (mA) Diesel uv 270.0%
193.3 Motor Oil v > 80.0%
Current Test z =
8 Custom Test
Visual Target
Visible
Cancel <Back Next >
i 47‘77‘ ‘ ‘ ‘ ‘ ‘ ‘ —
[ StartNew oo
0 Start New Log.. |}

Figure 57 DI Acquisition OIP QA Screen with Visible Target

*

File Sensors
&) 8 range 0
Lihtey; Optiors

View  Gugh  Help
« i [R]Q & DeptnE9) Time F10) [y

None
U‘P

Visible

Stant Camera

Depeh (K]

Stact New Log X
Optical Test
Start Camera
Flucrescence (%) Name Lighting Recommended  Actual (%)
___.0_'9____ Visual Target Visible
Frames Per Second 5
30.0
Optical Power (m&) Diesel uv = 70.0%
244 .9 Motor Oil uv = 80.0%
Current Test 3
Black Box o
uv
uv
| Capture I
Cancel < Bock Nt >
% I Standby

Figure 5.8 DI Acquisition OIP QA Screen with Black Box
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M DI Acquisitio
File Sensors View Graph Help
[2 B Range: 10~ ft Q ™ | Depth (F9) Time (F10) | Optical (F11)
Lighting Options
None

Start New Log X

Optical Test

v
Start Camera
Visible
Fuoresceace (%) Name Lighting Recommended  Actual (%)
Capture 99 1 Visual Target Visible
Frames Per Second Black B v T <01%
Capture Al 30.0 Aeroox e
Orfical Power (m) Diesel uv >70.0% 81.3
247 .3 » Motor Oil

Depth (ft

Current Test
Motor Oil
uv

[ Capture

Cancel < Back Next >

28 t‘
0

Figure 59 DI Acquisition OIP QA Screen wibtor Oil Cuvette

T — T T Standby
Start New Log

Start Camera

5.5 Running an OIP Log

It is strongly recommended to pigrobe the first 23 feet of each hole. Prprobing each hole can
help to avoid unnecessary stresses to the OIP promlmeponentsfrom hammering at the surface

1. Place the rod wiper on the ground over the probing location and install the drive cushion in
place of the anvil othe probing machine.

2. Place the probe tip in the center of the re@dper andplace the slotted drive cap on top of the
OIP probe.

3. Adjust the probe so that it is vertical and advance the probe until the OIP Wirsdatthe
groundsurface.

4. Click the trigger button in the lower righthand corner of computer screen. (The Trigger label
will flash and the background will change from yellow to green).

5. Advance the probe at a rate of2ft./min (1-2 cm/s). If necessary, feather the hammer to
maintain this advance rate.

6. ! TAOSNI O2YLX SiAy3d GKS 233 LINBaa (GKS GNRIIASNI 6
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7. Pull the rod string using either the rod grip pull system or a slotted pull cap. Run-bbgdst
load test and the optical test (Section 5.4).

5.6 Still Captures

A still image can be captured at any depth during a log for each available light sBtitdmages allow
for clearer images of the soil and hydrocarbon fluorescefdy one still image for each available light
source will be captured per .05 feet of depth. During the tbg DI Acquisition software will automatically
capture a still imge for each available light source during a rod change.

1. Stop the advancement of the probe

2. { SEtSOG &/ FLWidz2NB Ifté G2 OF LW dzNXB théd /& GLAGE dENBAEY | 3 S
button is selected a still image for tlealy current light source will be captured.

3. Wait for the captured stifito appear bellow the capture options (Fig. 5.10) and the light
source to return to UV

4. Restart the advancement of the probe

Figure 5.10

Standard Operation Procedure Optical ImageProfiler (OIP)
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