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ORI R AR

GROUND PENETRATING RADAR (GPR) FOR PAVEMENT
EVALUATION

PROJECT OBJECTIVES

Ground penetrating radar (GPR) is a rapid nondestructive geophysical method that
produces two- or three-dimensional graphical images of subsurface features and
built structures. Ground penetrating radar images have been used successfully in a
variety of highway-related applications. The primary product arising from the
project is a calibrated GPR unit that can be directly implemented for network-level
pavement surveys by AHTD personnel. Specifically, the project seeks to:

Obtain the Ground Penetrating Radar (GPR) unit;

Investigate the ‘accuracy’ of pavement layer thickness estimated using GPR
methods;

Prepare field data collection and data analysis guidelines suitable for
implementation into AHTD routine pavement management practice.

RECOMMENDATIONS

Major findings from the study include:

The AHTD ground penetrating radar (GPR) unit obtained and tested under
this project should be implemented for network-level pavement thickness
surveys, using the field data collection and data analysis procedures
developed in this study.

A study of the ‘accuracy’ of pavement layer thicknesses estimated using
GPR methods (compared to measurements of pavement cores) demonstrated
that GPR data could be used to estimate layer thickness to within +/- 0.2
inches.

ADDITIONAL WORK

The study recommends additional work related to implementation efforts:

AHTD should continue to refine data collection and analysis techniques
related to pavement layer thickness estimation. While the accuracy of these
estimates is demonstrated to be adequate for current purposes, improvements
are likely possible.

Ground penetrating radar has been used successfully for a variety of
purposes other than pavement layer thickness estimation; AHTD should seek
to expand the types of analyses performed using GPR — such as identifying
bridge deck deficiencies, locating buried utilities, and others.

TRC 1001 January 2015
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ABSTRACT
Ground penetrating radar (GPR) is a rapid nondestructive geophysical method that produces
two- or three-dimensional graphical images of subsurface features and built structures.
Ground penetrating radar images have been used successfully in a variety of highway-related
applications. An air-coupled GPR unit was obtained and tested. A study of the ‘accuracy’ of
pavement layer thicknesses estimated using GPR methods (compared to measurements of
pavement cores) demonstrated that GPR data could be used to estimate layer thickness to
within +/- 0.2 inches. Guidelines for field data collection and data analysis were developed
to assist in the implementation of the GPR system into AHTD routine pavement management

practice.
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CHAPTER 1: INTRODUCTION
Ground penetrating radar (GPR) is a rapid nondestructive geophysical method that produces two-
or three-dimensional graphical images of subsurface features and built structures. Ground
penetrating radar images have been used successfully in a variety of applications, including
determining the location and depth of buried objects (including tanks, pipes and other utilities),
investigating the presence and continuity of natural subsurface features, evaluating the condition
of new or existing pavement, and identifying zones of deterioration in aging bridges

The ground penetrating radar tool essentially consists of a transmitter antenna and a
receiver antenna, both of which may be housed in a single unit. Ground penetrating radar
antenna are either air-launched (horn) or ground coupled and of variable frequency (25 MHz —
2500 MHz). Figure 1 shows the AHTD air-launched unit. The transmitter antenna emits high-
frequency, short-duration electromagnetic pulses as it is moved along the surface of the earth or
structure. These electromagnetic pulses are partially reflected when they encounter surfaces
across which there is a change in electrical properties (dielectric constant). The receiver antenna

records the travel times and magnitudes of the reflected pulsed electromagnetic energy.

Figure 1. AHTD Air-Coupled GPR Unit



Typically, magnitudes of reflected GPR pulses are displayed as a function of travel time
(vertical scale) and antenna unit location (horizontal scale). The relative magnitude of a
reflected GPR pulse is a direct function of the contrast in electrical properties on either side of
the reflecting interface. Vertical and horizontal resolution is dependent mostly upon the
frequency of the antenna employed and ranges from millimeters (highest frequency antenna) to
meters (lowest frequency antenna).

Several state DOTs, SHRP, MnROAD, and the FHWA have conducted pavement
evaluation studies and compared the GPR results to core samples. The overall results indicated
that when comparing the newly constructed pavement thickness GPR results were within 5% of
the core samples. Because GPR data is collected continuously at various speeds, large numbers
of data points can be collected economically which enhances the quality assurance.

Accurate measurement of pavement thickness is an important aspect of the quality
assurance of newly constructed pavement. Current, both the asphalt and concrete paving surfaces
are cored at a specified interval along the roadway (about 300 m intervals) for QA/QC
compliance. Allowable tolerances vary within State DOTSs but are generally + 13mm for asphalt
and + 5mm for concrete surfaces. Although coring has been the standard testing method for
several years, recently, high-speed, air-launched horn antenna GPR systems (1.0 to 1.5 GHz)
have been developed and tested for imaging through paved surfaces, including asphalt and
concrete and bridge decks to evaluate the condition and thickness of the material examined in a
non-destructive environment. The main advantage of using GPR systems is the continuous data
collection at posted highway speeds. Generally, the pavement survey using GPR is performed in
multiple passes, each pass with one sensor along the lane centerline, and two sensors one on each

wheel path.



CHAPTER 2: PROJECT OBJECTIVES AND IMPLEMENTATION
The primary product arising from the project is a calibrated GPR unit that can be directly
implemented for network-level pavement surveys by AHTD personnel. Major tasks
accomplished to realize this goal include:

e Obtain the Ground Penetrating Radar (GPR) unit;

e Investigate the ‘accuracy’ of pavement layer thickness estimated using GPR methods;

e Prepare field data collection and data analysis guidelines suitable for implementation into

AHTD routine pavement management practice.

Subsequent sections of this report provide details regarding these tasks.



CHAPTER 3: ESTIMATION OF GPR ACCURACY

An initial estimation of the accuracy of GPR measurements, in the context of pavement layer
thickness, was not particularly promising. However, GPR measurements were taken on
pavements for which ‘ground truth’ layer thickness (by coring) was not part of this project; only
reported core thicknesses were available to the research team — and those thicknesses were
reported only to the nearest 0.25 in. Thus, the margin of ‘error’ (core thickness versus GPR
thickness) ranged as high as 0.8 in.

Hattiesville Test Site

An additional investigation was completed to better estimate the accuracy of GPR-based
pavement thickness. A flexible pavement test section was selected on Arkansas Highway 213
located in Hattieville, Arkansas for the work.

Measurements

A total of ten (10) coring sites were identified — five cores to be taken approximately 5 feet to the
right of the centerline, and five cores to be taken approximately 5 feet left of the centerline. At
the site of each core sample, the research team would set up four metal strips on the pavement.
Two metal strips were placed 10 ft ahead of where the core sample was acquired. Two
additional metal strips were placed 10 ft behind the core sample location. The metal strips were
placed on the pavement due to their reflective properties. The metal exhibits a strong reading on
the GPR survey, enabling the pavement thickness measurement estimated by GPR to be
precisely located at the site of coring. Figure 2 illustrates the testing setup. Figure 3 provides a

GPR survey result, which clearly shows the metal strips.
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Figure 2. Hattiesville Test Site — Test Section Setup
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Figure 3. Hattiesville Test Site — GPR Result

Three GPR surveys were acquired at each core setup. For each survey, there were two
antennas that were placed in the wheel path. Each survey had a resolution of six scans/ft. For
each 20-ft section, there were 120 data points for each wheel path. After the 10 sites were

complete, one continuous survey at a resolution of one scan/ft in was collected in each direction.



Data Analysis: Field Core Measurements

To illustrate the effect of field measurements on the estimation of GPR accuracy, cores taken at

the Hattiesville Test Site were measured using both a procedure similar to the the Long Term

Pavement Performance (LTPP) method (which averages four areas of the core, measured to the

nearest 0.1 in) and the AHTD procedure (report thickness to nearest 0.25 in, measured by a

ruler). It is noted that for this project, the cores were separated into eight sections and a digital

caliper was used to measure the core samples to the nearest 0.01 in. Table 1 lists the

measurements of the two different procedures. “Error” in Table 1 refers to the difference

between the average of the eight caliper measurements compared to the ruler measurement.

Table 1: Core Sample Comparison of Measurement Procedure.

Log MeasurelMeasure[Measure|Measure|Measure|Measure[Measure|Measure
Sample| Mile |Location| Layer | Ruler 1 2 3 4 5 6 7 8  |AveragelError(%)
S5A |4.05| 5'Lt 1 175 | 1.71 1.75 1.76 1.72 1.65 1.79 1.79 1.75 1.74 0.6
2 1.75 | 1.92 1.81 1.83 1.64 1.88 1.85 1.85 1.78 1.82 3.8
3 0.50 | 0.65 0.56 0.62 0.63 0.78 0.50 0.51 0.74 0.62 19.8
5B |4.35| 5'Rt 1 0.50 | 0.52 0.44 0.47 0.44 0.36 0.48 0.36 0.39 0.43 15.6
2 2.00 | 1.69 1.73 1.83 1.58 1.86 1.81 1.87 1.85 1.78 12.5
3 0.75 | 0.71 0.76 0.79 0.72 0.75 0.59 0.59 0.65 0.70 7.9
4A [3.45] 5'Lt 1 1.75 | 1.73 1.75 1.77 1.73 1.85 1.87 1.78 1.76 1.78 1.7
2 2.00 | 184 1.80 1.96 1.84 1.80 1.73 1.70 1.64 1.79 11.8
4B |[3.75] 5'Rt 1 2.00 | 1.87 2.07 2.03 2.00 1.78 2.14 2.12 2.04 2.01 0.3
2 1.25 | 1.30 1.15 0.83 1.25 1.36 1.18 1.05 1.10 1.15 8.5
3A |2.85| 5'Lt 1 150 | 1.61 1.69 1.78 1.76 1.71 1.64 1.57 1.67 1.68 10.6
Base | 3.00 | 3.04 2.67 2.81 3.08 2.93 3.07 3.06 2.99 2.96 1.5
3B |3.15| 5'Rt 1 1.25 | 1.19 1.12 1.05 1.10 1.09 1.13 1.16 1.29 1.14 9.5
2A | 2.25| 5'Lt 1 1.50 | 1.30 1.30 1.36 131 1.20 1.27 1.21 1.28 1.28 17.3
2 1.50 | 1.20 1.14 1.18 1.04 1.13 1.03 1.07 1.02 1.10 36.2
2B |2.55| 5'Rt 1 2.00 | 194 1.86 1.88 1.70 1.80 1.92 1.98 1.92 1.88 6.7
2 1.50 | 1.54 1.70 1.75 1.70 1.54 1.68 1.67 1.58 1.65 8.8
1A | 165 5'Lt 1 150 | 1.66 1.65 1.58 1.70 1.66 1.79 1.60 1.71 1.67 10.1
2 150 | 1.43 1.50 1.52 1.46 1.47 1.42 1.43 1.52 1.47 2.1
3 1.00 | 0.90 0.95 1.05 0.94 0.86 0.88 0.90 0.72 0.90 11.1
1B [1.95| 5'Rt 1 0.75 | 0.82 0.81 0.84 0.86 0.90 0.80 0.80 0.80 0.83 9.5
2 125 | 1.31 1.30 1.33 1.25 131 1.23 1.22 1.36 1.29 3.0
3 1.00 | 0.88 1.00 0.90 0.90 0.86 0.89 0.96 0.93 0.92 9.3




Data Analysis: Individual Test Location Measurements

Table 2 provides pavement layer thickness data for the 10 individual test locations at the

Hattiesville Test Site. The average difference from the ground truth is approximately 0.20 in for

the left wheel path and 0.47 in for the right wheel path. The range in the difference from the

ground truth is approximately 0.05 in to 0.54 in for the left wheel path and 0.12 in to 0.47 in for

the right wheel path.

Table 2. Layer Thickness Data for Individual Test Locations

Sample |Ground Truth LAir1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
5A 3.56 Thickness Average (in.) 3.69 3.45 3.13 3.42 3.96 391 3.80 3.89

Log Mile Difference from the truth (in.) 0.13 0.11 0.43 0.22 0.40 0.35 0.24 0.33
4.05 Percent Difference (%) 3.67 3.14 11.97 6.26 11.33 9.69 6.65 9.23

Sample |Ground Truth LAir1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
5B 2.21 Thickness Average (in.) 2.27 2.28 2.19 2.25 1.80 1.76 2.08 1.88

Log Mile Difference from the truth (in.) | 0.06 0.07 0.02 0.05 0.41 0.45 0.13 0.33
4.35 Percent Difference (%) 2.55 3.18 0.80 2.18 18.41 20.51 5.74 14.88

Sample |Ground Truth LAir1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
4A 3.57 [Thickness Average (in.) 3.57 3.55 3.43 3.52 4.03 3.98 4.07 4.03

Log Mile Difference from the truth (in.) | 0.00 0.02 0.14 0.05 0.46 0.41 0.50 0.46
3.45 Percent Difference (%) 0.06 0.49 4.04 1.53 13.02 11.58 13.87 12.82

Sample |Ground Truth L Air 1 LAir2 LAir3 LAirAverage] RAirl RAir2 RAir3 RAirAverage
4B 3.16 [Thickness Average (in.) 2.66 2.54 2.66 2.62 3.11 2.85 3.16 3.04

Log Mile Difference from the truth (in.) 0.50 0.62 0.50 0.54 0.05 0.31 0.00 0.12
3.75 Percent Difference (%) 15.81 19.77 15.79 17.12 1.67 9.75 0.13 3.85

Sample |Ground Truth L Air 1 LAir2 LAir3 LAirAverage] RAirl RAir2 RAir3 RAirAverage
3A 1.68 [Thickness Average (in.) 1.22 1.65 1.77 1.55 1.96 1.82 1.95 191

Log Mile Difference from the truth (in.) | 0.46 0.03 0.09 0.19 0.28 0.14 0.27 0.23
2.85 Percent Difference (%) 27.14 1.77 5.30 11.40 16.96 8.23 16.29 13.82

Sample |Ground Truth LAir1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
3B 1.55 Thickness Average (in.) 1.69 2.06 1.76 1.84 1.71 1.76 1.73 1.73

Log Mile Difference from the truth (in.) | 0.14 0.51 0.21 0.29 0.16 0.21 0.18 0.18
3.15 Percent Difference (%) 9.30 33.03 13.50 18.61 10.11 13.59 11.56 11.76




Table 2. Layer Thickness Data for Individual Test Locations (continued)

Sample |Ground Truth L Air1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
2A 2.38 [Thickness Average (in.) 2.25 2.24 2.28 2.25 1.72 1.61 1.59 1.64
Log Mile Difference from the truth (in.) 0.13 0.14 0.10 0.13 0.66 0.77 0.79 0.74
2.25 Percent Difference (%) 5.63 6.02 4.16 5.27 27.53 32.38 33.36 31.09
Sample |Ground Truth LAir1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
2B 3.53 Thickness Average (in.) 3.55 3.64 3.61 3.60 491 4.98 4.97 4.95
Log Mile Difference from the truth (in.) | 0.02 0.11 0.08 0.07 1.38 1.45 1.44 1.42
2.55 Percent Difference (%) 0.62 2.98 2.35 1.98 38.97 41.06 40.67 40.23
Sample |Ground Truth LAirl LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
1A 3.14 [Thickness Average (in.) 3.35 3.36 3.34 3.35 3.38 3.34 3.37 3.37
Log Mile Difference from the truth (in.) | 0.21 0.22 0.20 0.21 0.24 0.20 0.23 0.23
1.65 Percent Difference (%) 6.83 7.00 6.29 6.70 7.71 6.46 7.39 7.19
Sample |Ground Truth LAir1 LAir2 LAir3 LAirAverage| RAirl RAir2 RAir3 RAirAverage
1B 2.12 [Thickness Average (in.) 2.41 2.34 2.35 2.36 2.85 2.76 2.74 2.79
Log Mile Difference from the truth (in.) 0.29 0.22 0.23 0.24 0.73 0.64 0.62 0.67
1.95 Percent Difference (%) 13.63 10.28 10.65 11.52 34.53 30.38 29.43 31.44

Data Analysis: Continuous Measurements

The metal strips used to delineate core locations were not used for the continuous surveys; GPS

coordinates from the sample site surveys were used to locate the core locations. After the sample

sites were located on the continuous survey, the 20-ft sections were used for the continuous

survey analysis. These 20-ft sections only have 20 data point for each wheel path due to the

lower data resolution.

Table 3 provides layer thickness data for the continuous measurements. The average

difference from the ground truth is approximately 0.20 in for the left wheel path and 0.48 in for

the right wheel path. The range in the difference from the ground truth is approximately 0.02 in

to 0.70 in for the left wheel path and 0.01 in to 1.70 in for the right wheel path.




Table 3. Layer Thickness Data for Continuous GPS Measurements

Sample
and Log
Mile

5A LWP

5A RWP

5B LWP

5B RWP

4A LWP

4A RWP

4B LWP

4B RWP

3A LWP

3A RWP

Thickness
Average

(in.)

Thickness
Standard
Deviation

Difference
from the
truth (in.)

Percent
Difference
(%)

Ground
Truth (in.)

3.58

0.02

0.49

3.56

4.17

0.56

0.61

17.26

3.56

23

0.08

0.09

3.95

2.21

1.85

0.11

0.36

16.08

2.21

3.29

0.18

0.28

7.98

3.57

3.84

0.21

0.27

7.67

3.57

0.25

0.03

0.84

3.55

0.29

0.39

12.21

0.09

0.07

4.29

1.96

0.08

0.28

16.71

1.68

Sample
and Log
Mile

3B LWP

3B RWP

2A LWP

2A RWP

2B LWP

2B RWP

1A LWP

1A RWP

1B LWP

1B RWP

Thickness
Average

(in.)

Thickness
Standard
Deviation

Difference
from the
truth (in.)

Percent
Difference
(%)

Ground
Truth (in.)

1.46

0.09

6.06

1.55

1.69

9.28

1.55

2.3

0.26

0.08

3.17

2.38

0.08

0.82

34.48

2.38

4.23

0.34

0.7

19.73

3.53

5.23

0.59

1.7

48.21

3.53

3.42

0.21

0.28

8.85

3.36

0.19

0.22

7.07

0.27

12.51

2.12

0.01

0.3

2.12

Discussion of Results

For the individual test location measurements, the GPR system provided an average of 93.2 %

accuracy for the left wheel path and 83.1 % accuracy for the right wheel path. For the

continuous survey, the GPR system provided an average 91.7 % accuracy for the left wheel path

and 82.4 % accuracy for the right wheel path. In both cases, the GPR system provided a higher

average accuracy in the left wheel path compared to the right wheel path. Two possible factors

which may affect these results include:




1. The location of the core sample. The core sample was located between the wheel paths,
which may not represent the true layer depth in the wheel paths themselves. In other
words, the transverse profile for the pavement may not be homogenous.

2. One core was obtained and measured, to provide a reference thickness for the entire 20-ft
test location. Actual thickness in the location may vary in both the transverse and
longitudinal directions.

Overall, the results from the Hattiesville Test Site generally agree with previous studies of layer
thickness ‘accuracy’ using GPS. It is notable that the continuous-measurement data — the mode
under which the GPS will be used for network-level work — provides a similar accuracy to the
more tightly controlled location-by-location measurements. It is also noted that the level of
‘accuracy’ provided by the GPS thickness estimates is suitable for network-level pavement

inventory data, and is likely suitable for pavement analyses needing pavement layer thickness.

10



CHAPTER 4. DATA COLLECTION AND ANALYSIS PROCEDURES
The overall goal of this project is to deliver a GPS system suitable for implementation into
AHTD routine pavement management practice. To ensure success of implementation, guidelines
regarding the use of the GPR for field data collection and the analysis of GPR field data are
required.

Appendix A presents a draft manual for collecting GPR data. Appendix B presents draft

guidelines for GPR data analysis.

11



CHAPTER 5: RECOMMENDATIONS

The recommendations which follow are based on the work performed under TRC-1001.

The AHTD ground penetrating radar (GPR) unit obtained and tested under this project
should be implemented for network-level pavement thickness surveys, using the field
data collection and data analysis procedures described.

AHTD should continue to refine data collection and analysis techniques related to
pavement layer thickness estimation. While the accuracy of these estimates is
demonstrated to be adequate for current purposes, improvements are likely possible.
Ground penetrating radar has been used successfully for a variety of purposes other than
pavement layer thickness estimation; AHTD should seek to expand the types of analyses
performed using GPR — such as identifying bridge deck deficiencies, locating buried

utilities, and others.

12



APPENDIX A

Guidelines for Field Data Collection Using Ground Penetrating Radar (GPR)



Arkansas State Highway and Transportation Department (AHTD)
Ground Penetrating Radar (GPR) Data Collection Process Manual




Introduction

Setting up the ground penetrating radar (GPR) for a day of collection requires setting up the
physical equipment and setting up the RADAN software. The system requires a laptop that
contains the license for RADAN from Geophysical Survey (GSSI). Setting up the equipment
and collecting the data requires two people for safety aspects. At the beginning of the day, make
sure to check the fuel gauge. The control unit and the antennas are powered by the battery on the
van. The manual should guide the users to set the equipment up and set up the parameters to
collect raw GPR data. The raw GPR data can be used to be analyzed later on.

Equipment List:

Two 2 GHz GSSI Model 4105 air-horn antennas
Distance Measurement Instrument (DMI) unit
Panasonic Toughbook Laptop

SIR-20 control unit system

Global Positioning System (GPS)

GPR Data Collection Process Manual Page 1



Equipment Setup

Extend the antenna rack from out of the back of the E-350. The lever on the left needs to be
lifted the entire length until the rack is fully extended.

Remove the antenna from the rack and align them on the re-enforced front bumper. I¢’s
recommended that 2 people carry the antenna due to the awkward shape.

GPR Data Collection Process Manual Page 2



Place antenna 4012 on the driver side of the bumper.
Place antenna 4013 on the passenger side of the bumper.
Screw 4 bolts and washers to attach each of the antennas’ saddle to the front bumper with a

socket wrench. 2 bolts should be above the saddle and 2 bolts should be on the side of the
saddle for each bolt.

GPR Data Collection Process Manual Page 3



Connect the antennas to the blue control cables. When connecting the cables to the antenna,
the GSSI logos should align with each other and screw together.

Clip the karabiners on the blue control cables to the clips on the grill.

Run the blue control cables through the passenger side window.

—

Connect the blue control cables to the control unit. When connecting the cables to the control
unit, make sure the correct antenna is connected to the right transducer. Antenna 4012 connects
to transducer 1 and antenna 4013 connects to transducer 2.

GPR Data Collection Process Manual Page 4



Remove the GPS’s circular metal plate to expose the magnet.

Place the GPS unit on the center front of the E-350 roof and run the GPS cable through the
passenger side window.

Attach the GPS cable to the data logger box and insert the power supply cord into the
cigarette lighter receptacle.

Plug in the data logger box’s power supply into the inverter.

GPR Data Collection Process Manual Page 5



Attach the data box to the back or the Panasonic Toughbook via the grey VGA cord.

Attach the DMI unit onto the rear driver side wheel.

Use an Allen wrench to tighten the DMI unit to the wheel.

GPR Data Collection Process Manual Page 6



Attach the DMI’s suction pad to the side of the van.

Run the DMI’s cord and safety string through the rear window.

Insert the control unit’s power supply into the cigarette lighter receptacle behind the driver’s
seat.

oy

Attach the DMI’s cord to the control unit and the safety string to the seat belt. The receptacle
for the DMI cord is located to the lower left of transducer and make sure there is tension on the
safety string in case the suction pads fail. The safety string will catch the DMI unit.

GPR Data Collection Process Manual Page 7



Place the Panasonic Toughbook on the orange stand and connect the Ethernet cable and
power cord to the right side of the Panasonic Toughbook from the control unit.

Start the ignition to the van and turn on the Panasonic Toughbook.

Remove the 2 aluminum plate located on the orange rack and place them beneath the antenna
casing. Try and have the van on a flat surface area with an empty 15 foot radius around the
antenna.

The equipment is now ready for the software to be set up.

GPR Data Collection Process Manual Page 8



Software Setup
Right click the mouse and create a new folder for the site. Name the folder after the project and
create 2 more folders inside it and name one “IN” and “OUT”.

Arrange Icons By ’
Refresh

Paste

Faste Shortcut:

Undo Rename Chrl+Z
(@ Groove Folder Synchronization »

Graphics Properties. ..

Graphics Options »

@ shorkout

Properties

@ Microsoft Office Access 2007 Database
a Briefrase

@ Eitrnap Image

B8] Micrnsnft Office Word Document

m Radan File Type

@ Microsoft Office PowerPoint Presentation
@ Microsoft Office Publisher Document:
Text Docurnent

Wave Sound

B3] Micrnsnft Office Exrel Workshest

(2] Compressed {zipped) Folder

Open the SIR-20 program on the desktop.

Click View-> Customize on the toolbar.

Project  Help
v LineScan
iggle Customize
2-Scope
Linescan Plus Directaries | Appearance I Linear Units | SIRVEYOR
30 Display
Time Slice
tulki Channel Source > | |
Inkerackive
Display Options
- Output > | I
Toalbars 3
v Status Bar
Customize
v RADAR Ok I Cancel Apply Help

In the Customize box under Directories tab, choose the pathway of the “IN” folder created
earlier for the Source --> line.

Choose the pathway of the “OUT” folder created earlier for the Output --> line, then click OK.
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GIEM Wiew Project  Help

Qpen... Chrl+0

Click File -> New in the toolbar.

In the File Name: ling, type in the file name (city and date: Bryant121511) and then click Next
>,

reate New Data Collection Project

Drive: | () - Directony: |E:\DDEUMENTSAND SETTINGS\ADMINISTR

[Up one directom]
Hattieville 011813 rpj

File: M ame: “

COLLECT 3D DATA SET ‘

| Mext = | Cancel | Help

In Review Project Information window, enter the file name in the Title line and click Next >.

Review Project Information

N arme |C:\DDCUMENT5 AND SETTINGS A

Title [

Started
Finished

Output Path > |ESKTDF‘\GF‘F| FILESAHATTIEVILLE 0118134M

MNotes:

< Back | Mext » Cancel Help
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In Data Collection Mode window, click SURVEY WHEEL.

Data Collection Mode

FREE RN

FOINT MODE

CALIERATE 5w

SURVEY WHEEL

ENABLE GPS ‘

FioadDoctor CAM Link Dutput ‘

< Back | Next > | Cancel Help |

The calibration process for the survey wheel must be done once a week than this process can be
skipped to the Enable GPS button. A 100 ft section must be mark out in order to calibrate the

Survey Wheel.

In Data Collection Mode window, click CALIBRATE SW.

In the Survey Wheel Calibration window, click START.

Survey Wheel Calibration _|

1. Select calbration digtance

3. Click START buttan

CALIBERATIOM DISTANCE

2. Position &ntenna on the Start mark

[FT]

NUMBER OF TICKS PER UNIT

RESET SAVE

i}

12981

START
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In the Survey Wheel Calibration box, type “100” in the CALIBRATION DISTANCE (FT)

line, then drive the van approximately 100 feet.

Survey Wheel Calibration EI

MUMBER OF TICKS

4 Move antenna tao the Stop mark
5. Click FINISH bution
CALBRATIONDISTANCE  (FT) [l

12961

FINISH

&

Click FINISH, and then click SAVE. The number of tick per unit should be approximately 129.

In Data Collection Mode box, click ENABLE GPS then click Next >. There should be numbers

after the ENABLE GPS button was clicked and should display Valid.

Data Collection Mode |E|E|

FREE RUN

POINT MODE

‘ SURVEY WHEEL

CALIBRATE 5w ‘

ENABLE GP3

Latitude ,W
Longitude ,W
Altitude: ,95907
Time: ,T ,? W
Mumber of Satelites ,8—
Signal Qualty (HDOF) [tz
Data Yalid ,\.’ALIDi

RoadDoctor CAM Link Output

< Back | Mext > | Cancel
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In the next configuration window, the parameters for data collection process must be
determined. The parameters are based upon the desired vehicle speed during the collection
process. Vehicle speed is determined by purpose of the project. Table 1 below suggests the
values for varying operating speeds:

Table 1: Configuration Parameters

0-5 6-15 16-25 26-50 51-70 71-80
Vehicle Speed mph mph mph mph mph mph
Samples/Scan 512 512 512 512 512 512
Scans/Sec 78 78 78 78 78 78
DielConstant 6.5 6.5 6.5 6.5 6.5 6.5
Scans/ ft 6 3 2 1 0.5 0.2
ft / Mark 10 50 50 100 200 528
Auto Gain Level 0.5 0.5 0.5 0.5 0.5 0.5

Determine the parameters and type the data in the text lines in the Configuration box.

Configuration EJE|
Config Type Corfig Mame
CUSTO CUSTOM - SIRveyor
= Chan1 | Chan 2
Mumber of channels 'El ] l e e
S S
Samp/Scan B2 - Transmit B ate
(£33 -
Scans/Sec 78 DC T1{R1 T2/R2
DiglConstant 5 Transmitter ’G Chan1 T1 Ri1
Chan2 T2 R2
Scans/  ft f
Receiver ’G
ft A ark 10
Auto Gain Level |09
Antenna Calibration File ‘

< Back | Mext > | Cancel ‘ Help |

Click Next >, then Finish

The system will initiate the antenna. There should be a bing sound while the system is initiating
the antennas. After the antennas are initiated, there should be 2 radar trace continuously
moving. The antennas must stay for 20-30 minutes to warm up.
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The Wave Setup

10.0 -

w e
=] 2
= =

&
=]
=

=
=)
|

w e =

=] 2 2

= = =
|

&
=]
=

ns

After the antennas warm up, click on the Position/Range icon on the bottom row.

Uncheck the Auto Position Servo box and input “15” into the Range (nS) line and “96.5” in the

Position (nS) line.

POSITION CORRECTION 975  100.0 1025 1050 1075  110.
1.0
Chan 1 |Chan2|
0.5
Range [1S] |15 ﬂm dm .'} -
Pozition [nS) 36.5 0.0 o A - m\m’j} .
MU’ / \ wj Y
Auto Pogtion Serva [
-0.5
- Show Channel v
-1.0
Cloze | AppIyA\Il Apply | Hide &l |

Click on the Chan 2 tab and input the same values in the Range (nS) and Position (nS) lines.

Click Apply All and wait till the program is done initiating, then click Close.
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y

Click on the Range Gain icon on the bottom row.
Reduce the Number of Points to “1”, uncheck Auto Gain Servo, check Use Common Channel

Parameters, recheck Auto Gain Servo, wait till the program is done initiating, and then click
Close.

RANGE BAIN 0.0 25 5.0 75 100 125
100.0
Common }
Point |1 J;I Yalue |16 Jj o n
Murmber of Paints 1 J;I —_/\)(\/m \} /\/\w
Iv Auto Gain Servo - g
0.0
Show Channel v
¥ Use Common Channel Parameters Close Servo Al Apply

Click on the FIR Filter icon on the bottom row.

Check the Custom box and under the drop down box for Options, select “4105 SN142” and
click Apply.

0.0 2.5 5.0 7.5 10.0 12.5
1.0
Chan1 ChanZ | .
Low Pass [MHz]
H — 0.0 — = s T
igh Pass [MHz]
W Custom  Options 4105 5M142 - 05
Filter Tyupe
o) i -
Show Channel [V U0
Cloge ‘ Apply | Hide All |

™ Use Commaon Control Parambers

Click on the Chan 2 tab and check the Custom box and under the drop down box for Options,
select “4105 SN143”, click Apply, and then click Close.
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|

Click on the IR Filter on the bottom row.

Check the Use Common Channel Parameters box, than input “10” for the High Pass and
Vertical (MHz) box and “0” for the rest of the boxes and click Apply than Close.

IIF FILTERS

0.0 2.h 5.0 7.5 10.0 12.5
Comman 1.0
Low Pass High Pass 0.5
Horizontal [Scanz] |0 1] ﬂ
Wertical [MHz] il 10 0.0= —=5 U T E _—
-0.5
(] Show Channel W
-1.0
W Usze Common Control Paramters Close Apply | Hide &1l |

y

Click on the Range Gain icon on the bottom row.

Uncheck the Auto Gain Servo box and then recheck it than click Close.
Sl

Check if the two antennas are lined up. If they are not lined up, alter the Position (nS) box value
by the nearest tenth of a decimal for just Chan 1 tab and click Apply. Continue until the two
lines match up and click Close.

Click on the Position/Range icon on the bottom row.

Click the Save Macro As icon on the bottom row.

Click the File -> Close in the toolbar.

GIEN Edit Wiew  window

Save As..,

Prink... Chr+F
Prink Preview
Prink Setup...

Exit
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Bumper Test and Calibration File

The bumper test requires a person to jump up and down on the front bumper to allow the system

to store the range of the vehicle vertical movements.

Click the Project -> Antenna Calibration in the toolbar.

File  ‘Wiew

Edit... TEST
Infa

Macro 3
Bun

Click the Run icon on the bottom row.

Allow time for Radan trace to record an entire screen being flat.

Fle Edit View Window Process Collect Help

=
=
1

= el = i = = 5 = o
= o = w2 o =) i = o
= = =] = o o = = = =

I R R R R

E
i

ns <0

e

Zien=s@H>AEEENE 0810 2|
[ [

Ready | aoft [ o.0ft

After an entire screen has been recorded, allow the person to jump on the bumper for around 15

seconds.

GPR Data Collection Process Manual

Page 17



File Edit View Window Process Collect Help

=
=
1

= = il e
=) in =) i
= = =} =

1

=
)
tn

~ (L} ra
o =) tn 2
= = =2 o
o b e oo Pevec b

=
=
=

=
o
tn

4l

=
il

2]

Ready

e "Ey IEEENEE ;@88 u0
[ [

[ oaft

There should be an oscillating wave for an entire screen, then wait for it to flatten out for an

entire screen.

Click the Stop icon on the bottom row.

Click the Open icon on the top row.

Close out of the SIR-20 Program and open the RADAN 6.6 icon on the desktop. ospanas

Open the file that was previously created. The file should be the first file to be collected so it

should be named with 001 in the filename.
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Click Process -> Infrastructure -> Generate Horn Calibration File.

File Edit Wiew ‘Window JEiae==8 Help

@ Macro Process  # Zw
Harizonkal Scale

Distance Morm

Surface Maorm

icm:: IF‘fF;t Carrect Static |
crol g Math Functions

## C:\Documents 2

Infrastruckure  ®|  Generate Horn Calibration File
Spatial Filer Horn Reflection Picking
velocity Analysis Horn Laver Interpretation
Local Peaks

Correct Position
MC Cambo Structure Identification
SCORTING 3

Click OK on the Generate Calibration File box.

In the Save RADAN File As box, rename the file with “CAL1” in the name.

Save RADAN File As

Save in: |L'j ouT ﬂ cf BB~

HATTIEVICAL.CZT

My Recent
Drocuments

©

Deskiop

©

=

y Documents

ter

=
=

I8

d ol |
X =
=l
=

My Network — File name: TESTCALT - Save
Places | J l—l
Save as type: |Calibraliun File [*.czt) ﬂ Cancel

-
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The calibration file will pop up and should look like the picture below.

=# C:\DOCUM... [= |[B](X]

This file is important in post processing to eliminate the range of antenna movement to create a
flat profile for the top layer in the survey. The calibration file should have two diagonal lines
that are located in the grey area. If the file is bad, repeat the bumper test again to get a correct
calibration file.

Close the Radan 6.6 program.

Pick up the two aluminum plates underneath the antennas and place them on the rack in the
back of the E-350.

Bring the rack into the back of the E-350 and close the doors.

The software is set to begin the data collection process.
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Data Collection

Open the SIR-20 program on the desktop.

Click File -> TEST.RPJ. This is the project file that the user just created. It will be named

differently for each test site.

Vlew Project  Help

Tew
Open... ChrH-O

Print Setup...

Append Files
Combing Channels

1 TESTOOL
ZTESTCALL.CET
3HATTIEVIOO3

4 HATTIEVIOOZ
SHATTIEVICAL.CZT
& HATTIEVIOOL

7 BEO613003N

& BE061300ZN

1 TEST.RP]

ZBBO613.RP]
SHATTIEVILLE 011813.RP]
4 HATTIEVILLE120612.RP]
S5 MASER10241Z2.RP]

Exit

Click Project -> Run and let the antenna initiate. The sound of 5 bings will occur when it is

done.

File View RS Help
Edit... TEST
Info
Macro r
Close

Ankenna Calibration

GPR Data Collection Process Manual

Page 21



Data should be ready when the screen appears like the picture below.

File Edit Wew Window Process Colect Help

Geophysical Survey Systems, Inc.
E0enEE® Jd V= ;00080 2

Ready [ |Docs - Microsoft word | 0.0t | 0oft lest

Click the Run icon on the bottom row. —_—

Allow a few seconds for the antennas to initiate. The sound of 1 bing will indicate the system is
working. The driver can follow the route of the project and the system will collect data when the
van is moving based on the DMI.

Click the Stop icon on the bottom once the section is complete. a

A screen will appear counting up allowing the data to be synced with GPS data and recorded.

TRANSFERFING LOGGER DATA...

6

Geophysical Survey Systems, Inc.
immmo ?

Click Project -> Run again to collect another file and repeat the process.

When all the sites of the project are recorded, close out of the SIR-20 program.
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Freguent Problem
The most common error during the data collection process is not syncing up with the GPS
system. The window below will appear if the sync did not perform before data is collected.

! Fail to enable NMEA stream
e

Click Ok than click the Discard Data icon on the bottom row.

Click Project -> Run again to collect another file and repeat the process. This is to see if it
would connect by re initiating the antennas.

If it does not, click Ok than click the Discard Data icon on the bottom row.

Click Project -> Edit... TEST to validate the GPS signal.

Gile  Wiew NEEGEES Help
Info
Macro 3
Run
Close
Antenna Calibration

Click Next then click ENABLE GPS to see if there is a valid signal.

Data Collection Mode E|E‘

EMABLE GP'S

L atitude ’W
POINT MODE
Longitude -42°22.9408
SURVEY WHEEL

‘ Altibde 96,80
Time 16 (58 (4100
Number of Satelites 8
Signal Huality [HDOF) 1.20
DataVaid  [wUD

RoadDoctor Céakd Link Dutput |

FREE RLM |

CALIBRATE SW ‘

< Back I Mest » Cancel Help ‘

Click Next then Next then Finish.

Click Project -> Run again to collect another file and repeat the process. There are times when
this will occur several times. It is important to sync the GPS system so the data can be tied to a
map.
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APPENDIX B

Guidelines for Ground Penetrating Radar (GPR) Data Analysis



Arkansas State Highway and Transportation Department (AHTD)
Ground Penetrating Radar (GPR) Analysis Process Manual

. Pateht I.i'end-i-ng

This copy of Radan for WinXP is licensed to:
AHTD

University of Arkansas
Serial Number: 2713
Copyright (c) 1995 - 2010 GSSI

Version 6, 6



Introduction

Once the ground penetrating radar (GPR) data has been collected over recent days, the data will
be ready for analysis. The data should be located in the GPR files folder located on the desktop
of the Panasonic Toughbook. In the GPR files folder, each folder should have a location and
date of where the GPR files were collected. For each of these folders, there should be an input
folder and an output folder labeled IN and OUT. The input folder will have all the raw data from
the collection day. The output folder should have a calibration file that was created during the
collection date.

Opening a File

oy L A

Open Radan 6.6 by clicking on the icon on the desktop.

Make sure the folder with the raw data and output folder correctly selected. Click View->
Customize on the toolbar.

File m Project  Help
w LineScan —
Customize EJE|

Directories ]Appearance] Linear Units | SIRVEYOR |

Source > |
Display Cptions
Output > [
v Status Bar
0k | Cancel | | Help |

v RADAR

In the Customize box under Directories tab, choose the pathway of the “IN” folder created for
that date in the Source --> line. This will pre load all the raw data from the collection date.
Choose the pathway of the “OUT” folder created earlier for that date in the Output --> line, and
then click OK. This path will allow all the saved files from the analysis process to save in the

“OUT” folder.

Click the Open icon on the top row.
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Locate the GPR raw data file located in the date folder created during the collection process
(i.e. > C:\Documents and Settings\Administrator\Desktop\GPR Files\t#t#########\IN). Typically
the first file should be used as the Calibration file describe in the Collection Process Manual.

Laak in: I@ In j L] £k E3-

ty Recent
Documents

&

Desktop

®

My Documents

=1}

=

=
@ g%

b=l

=

tdy Nebwork
Flaces

Er0e 13001

EAHaATTIEVION!
A HaTTIEVIONZ
Y HaTTIEVIONS
B haTTIEVING

File name: I j Open I
Files of type: IHADAN File [*.dzt]) d Cancel |

After opening the raw file, it should look as the top layer is not flat. Here is an example below:

w# C:\Documents and SettingsVdministrator\Deskiop\GPR Files\Hattieville 12061 2\In\HATTIEVI0O03.DZT:.... (2[5 [X]

=
=
|

= o na
[ = [
= = =

-
=
=

=
=

== o ra
o =2 o
= = =

-
=
=

ns
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Horn Reflection Picking Process

On the toolbar, click Process -> Infrastructure -> Horn Reflection Picking.

Window RGN Help

Macro Process  # e
Hotizonkal Scale N

Distance Marri
Surface MNorm
Correct Static
Math Functions

Sicroll Left
Scroll Right

Infrastructure 3 Generake Horn Calibration File
Spatial Filter Haorn Reflection Ficking
Velocity Analysis
Local Peaks

Horn Layer Inkerpretation

Correct Position
MiC Combo Skructure Identification
SORTING »

The Reflection Picking — Processing Options windows should appear.

Reflection Picking - Processing Options

[v fuuto Load Calibration File

Current Current Output Folder ﬂ

DTNl 120612\ 0L TAHAT TIEVICALT.CZT

[v Automatic Mode

Antenna Sep. [Distance Chan 2 in front of [ |1.31234

[ Combine Channels

T

| Firizh | Cancel |

The Calibration File that was created during the data collection process will automatically be
loaded. Browsing for a different calibration file can be performed by un-checking the Auto Load

Calibration File box and then clicking the Browse button.
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Once the Calibration File is selected, click the Finish button.

=# C:\Documents and Settings\Administrator\Desktop\GPR Files\Hattieville 12061 2\n\HATTIEVIO03.DZT: LINESCAN

ns < >
The horn reflection picking process repositions the surface of the pavement to be flat. The image

above is a screen shot during the horn reflection picking process. Once the process is complete,
a Save RADAN File As window will appear. Name the file and click the Save button.

Horn Reflection Picking Process

Two windows will appear. Click Process -> Infrastructure -> Horn Layer Interpretation.

Macro Process  »
Horizonkal Scale
Distance Marm

¢ A

Surface Morm

serol Ln_aﬂ: Correct Skatic

seroll Right rMakh Functions
Infrastruckure Generate Horn Calibration File
Spatial Filker Harn Reflection Picking
Welocity Analysis Horn Layer Inkerpretation
Local Peaks

Correck Position
MiC Combao Structure Identification
SORTIMG 3
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Click the Number of Layer drop box, select 3, and then click the Finish button.
Layer Interpretation |E||'X

 Manual Mode

& Automnatic Mode

Mumber of Layers 1 - I

7
Minimum Depth  [in] 2

< Back I Finish I Canecel Help

2F|C:ADOCUMENTS AND SETTINGSADMINIS TRATOR\DESKTOPYGPR FILESMHATTIEVILLE 12061 2\0UTAHATTIEVIO3.DZT: LINESCAN E”E”E

r
= i
= o

[
an
=

ns |0 3

The horn layer interpretation process selects the different layer interface. The image above is a
screen shot during the horn layer interpretation process. Once the process is complete, a Save
RADAN File As window will appear. Name the file and click the Save button. When naming
this file, add a letter or number to differentiate from the Horn Reflection Pickings file.

A third window will appear.
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Interactive Interpretation Process

3

¥
),
b

Click on the Interactive Interpretation icon on the top row.

Interactive Interpretation - Get Pick File |E||X|

Pick File --» ||C:\DDCUMENTS AND SETTINGS ADKI

™ Generate Mew Fick File

Ok I Cancel | Help |

The saved RADAN file, which is in Lay file format, from the horn layer interpretation process
should load automatically in the window. Click the OK button.

2 RADAN - HATTIEVIO3N

File Edit ‘Wiew ‘window Process Help
el 4 TTRRRNE R~ BEEES 78
=% C:\DOCUMENTS AND SETTINGS\ADMINIS TRATOR\DESKTOPAGPR FILES\HATTIEVILLE 120612\0UTHATTIEVIO3N.DZT: LINES... E@]E|

e e e e

e e,

ra
[
=

S e p——
—— 5

-
o

ma
o
=

=)
[2a)

=
0

EZ Tracker

Current Focus

i
=

Start | Stop | Save | Help | De\eteAIIl

-

Click Start button then add picks using left mouse button.

o
=

Geophysical Survey Systems, Inc.

Ready [T=0min17.46sec  |Dist =97.65 ft [-s2.8056289°E  [35.2916174°N  [23.5in [

The image above displays the interactive interpretation window. This displays the different layer
points in the automated process for picking the layer interface. This window is used to manually
pick the layer interface based on the users’ interpretation.
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Right click on the Grey Vertical Scale of the left side of the interactive interpretation window
and then click on More Option.

-
(22}

=
II|IIII

ra
o
=)

Yertical Scale
7 Samnples

& Time {nS)
Depth
Color Table

Horizantal Scale
Scans

ions
1 Show Scale

Color Table 3
Color XFarm 3
in | < |

Click on the Reference drop box and select GPS. Click the Apply button and close out the
Display Coordinates window.

Display Coordinates
Region IHF'.TTIE\.-'IDEIS |
Source IImpurted GRS j
Type X =
Reference -
Apply |

Right click on the Interactive Interpretation window and Click on Save Changes -> Current
Files

Display Gain 3
Pick Opkions e
Save Changes

Spreadshest Mew Filename  »
Ground Truth
Laver Opkions
Target Cptions
Global Options

Exit out of the Radan 6.6.
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Creating the Spreadsheet

Open Microsoft Excel.

Click the Menu button and click the Open button.

&

New

Qpen

2

=

Recent Documents

[T T T T R PSR TETR TR

HATTIEVIOS M
FullResults

Repeatability

Accuracy Analysis_Danny
RUS50612004M
RUS50612004M
RUS50612003M
RUS50612003M
MALVERMNOJOZH

MALVERMNOOOSN

ToAlan

FORRESTO003M
FORRESTO003M
FORRESTO002ZM
FORRESTO002ZM
FORREST0002

TEXARKANOOZN

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ K

2 Excel Options | |X Exit Excel

Locate the GPR data folder and click the OUT folder for that day. Click on the Files of type:
drop box and select All Files. Select the file Lay file of the Radan File and click Open.

Look in: |E| aut v| @ - WoiE-
My Recent Name Size  Type Date Modifi 4
Documents | | 4., rrieyionz 73,364 KB Radan File Type 12)62012 1
@ Desktop EHaTTIEVIONZ 704 KB Microsoft Office Access Database 120612012 1
o HATTIEVIUUZ.RFP 7,70SKE RFFPFile 120612012 1
) e umenks | | EEHATTIEVIOZN 73,364 KB Radan File Type 12/72012 1
My BHATTIEVIUUZN 4,327KB LAY File 12]7/20125
:J Computer HATTIE\-‘IDDZN 04 KE  Microsoft Office Access Database iz)ef2012 1
— My Natwork HATTIEVIUUZN‘GTR 1KB GTRFile 12]7120125
g Places ﬁHATTIEVIUUS 74,136 KB Radan File Type 12f6f2012 1
HATTIE\-‘IDDS FOOKE  Microsoft Office Access Database 1z)ef2012 1
BHarTIEVIOS 16,356 KB Radan File Type 7/16/2013 1
EHaATTIEVIOZ FOOKE Microsoft Office Access Database 7i6/2013 1
@HATTIEVIU&RFP 1,703 KB RFP Filz THE20131
FHaTTIEVIONIN 74,136 KB Radan File Type 12[7j2012 1
[T 4,355KB LAY File 12/17j2012
HATTIE\-‘IDDSN TOOKE  Microsoft Office Access Database 12}ef2012 1
B haTTIEVIOEN 16,356 KB Radan File Type 7i16/2013 1
BHATTIEVIEBN 2,870KB LAY File TIE[2013 1 &
< | >
File name: | w |
Files of type: |AI\ Flles - |

Tools -

= T (ot
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The Text Import Wizard window will appear. Click the Next button.

Text Import Wizard - Step 2 of 3

This screen lets you set the delimiters wour data contains. You can see how your kext is affected in the preview
below,

Delimiters

[ 1ab

] Semicalan [] Treat consecutive delimiters as one

[ other: I:I

Data preview

APNING: Modification of this ASCII file outbside of PADAN may cause unpred f

ersion = &

ata Filename = HATTIEVIOZ. DZET B
ayer threshold distance = 3Z.808339% ft

mher of layers = 3 LY
<

< ' ¥

Cancel ][ < Back, ]I Mext = l’ Finish

On the Un-check the Tab box and check the Comma box. Click the Finish button.
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(a9 -C-F )+ HATTIEVIDZN - Microsoft Excel
i)

Home Insert Page Layout Farmulas Data Review View Developer
EE @ Connections %l Y " Clear E‘g |E_,$‘]Data Validation ~ = Group - JE % Data Analysis
U % Properties \";.7 Reapply — i Consolidate A Ungroup ~ ~= ?ﬂ Solver
Get External| Refresh . 2} sort Filter o Textto Remove .
Data = All= == Edit Links & Advanced || Columns Duplicates =P What-If Analysis @ Subtotal
Connections Sort & Filter Data Tools Qutline ] Analysis |
Al bl I | WARNING: Madification of this ASCII file outside of RADAN may cause unpredictable behavior when this file is
A B C D E F G H I 1 K L M N [0}
1 [WARNING: Modification of this ASCII file outside of RADAN may cause unpredictable behavior when this file is reloaded into RADAN.
2 |Version=5
3 |Data Filename = HATTIEVID3.DZT
4 Layer threshold distance = 32.808399 ft
5 Number of layers= 3
6 |Amplitude Units = Decibels with correction applied for spreading and transmission
7 |Last Pick Settings:
& Layerl  Automatic 100 1] 1 2
S Layer2  Automatic 100 1] 2 2
10 Layer3  Automatic 100 1] 3 2
11 |calibration file = C:\DOCUMENTS AND SETTINGS\ADMINISTRATOR\DESKTOP\GPR FILES\HATTIEVILLE 120612\OUT\HATTIEVICALL.CZT
12 |File Ch# Scan# ®(ft) y{ft) Layer 1 Amp Dev(ft) % Scans Vel Type w(in/ns) t{ns) Layer2  z{in) A
13 |[HATTIEVIC 1 o] o 0 Layerl 2,533 -27.33 o 100 Automatic 5.669 0.889 None o
14 [HATTIEVIC 2 o] o 0 None o o o 0 Specify o 0 None o
15 |HATTIEVIC 1 1 0.167 0 Layerl 2,573 -28.01 0.04 100 Automatic 5.709 0.897 None 0
16 |HATTIEVIC 2 1 0.167 0 Nane o o o 0 Specify o 0 Nane o
17 HATTIEVIC 1 2 0.333 0 Layerl 2.573 -28.44 0.05 100 Automatic 5.748 0.89 None 0
18 HATTIEVIC 2 2 0.333 0 None 0 0 0 0 Specify o 0 None 0
19 [HATTIEVIC 1 3 0.5 0 Layer 1 2,534 -27.48 0.01 100 Automati 3.787 0.871 None 0
20 [HATTIEVIC 2 3 0.5 0 None 0 0 0 0 Specify o 0 None 0
21 [HATTIEVIC 1 4 0.667 0 Layer L 2.454 -27.91 0.07 100 Automati 3.787 0.844 None 0
22 [HATTIEVIC 2 4 0.667 0 MNone 0 0 o 0 Specify 1] 0 MNone 0
23 [HATTIEVIC 1 3 0.833 0 Layer1 2454 -29.2 0.08 100 Automatic 5.748 0.843 None 0
24 HATTIEVIC 2 5 0.833 0 MNone 0 0 0 0 Specify ] 0 MNone 0
25 [HATTIEVIC 1 3] 1 0 Layer 1 24594 -30.43 0.04 100 Automatic 5.709 0.869 None 0
I‘S‘I.I’a = Eu;—rﬂmu3?‘ @ (= | (MY PYY.N n n n LI- n Cnr\niﬁr"" n (MY YN [al

The excel file should look like the image above. In this spreadsheet, the values for layers can be
sorted so specific analysis can be preformed.
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Click the Menu button and click the Save As button. Make sure you save as, so that the original

lay file will not be lost.

Name the file and click the Save button.

as type: drop box.

Repeat the process for all the other raw GPR files that where collected in the date folder.

Mew

7 Qpen

H Save As
Print

e
b Prepare

@ Sznd

5'_‘2:. Publish

*

Save a copy of the document

[y Excel Workbook
Hl | Save the workbook in the default file
format.
= Excel Macro-Enabled Workbook
1| Save the workbook in the XML based and
macro-enabled file format.
= Excel Binary Workbook
[mesn| Save the workboak in a binary file format
optimized for fast loading and saving.
@ Excel 97-2003 Workbook

Hl | Save a copy of the workbook that is fully
compatible with Excel 97-2003,

_a Find add-ins for other file formats

]| Other Formats
Openthe Save As dialog boxto select from

all possible file types.

|§ Excel Options ||X Exit Excel

Make sure to save it as an Excel Workbook in the Save
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