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Figure B.42 Line 11 acquired north to south perpendicular to ramp; no topographic 
correction applied. 
 

 
Figure B.43 Line 12: second line acquired north to south perpendicular to terrace; 
no topographic correction has been applied. 
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APPENDIX C:  ANALYSIS AND OPTIMIZATION OF GROUND 

PENETRATING RADAR ACQUISITION PARAMETERS 

In the fall of 2005, a small GPR survey was undertaken across a septic field located on an 

acreage south of Calgary, Alberta.  Two sewer pipes were noted across the survey at an 

approximate depth of 0.50 metres. Two 3-D grids, in X and Y orientations, were acquired 

at a line separation of  0.20 m using the Sensors and Software Noggin Smart-Cart with an 

antenna frequency of 250 MHz. In-line trace spacing was set at 0.05 m with temporal 

sampling at 0.40 ns. Velocities measured in the field using hyperbolic curve fitting were 

calculated at 0.06 m/ns. A GPS survey was also conducted at the site to define survey co-

ordinates and establish topographic measurements. The objective of the survey was to 

determine optimal parameter selection to achieve the best subsurface imaging, and to test 

whether the direction of acquisition affected the results. A comparison of the time slices 

created from the different acquisition directions contain noticeable differences in 

amplitude between X and Y grids but similar general patterns. This may be due to the 

fact the acquisition was done on different days with some precipitation noted during that 

period. Comparisons of decimated datasets show a decrease in resolution. The results 

serve to emphasize the importance in optimizing acquisition parameters before initiating 

field work and acquiring the surveys at the same time if possible.  

C.1. Introduction 

Near-surface geophysical surveying often has the constraints of limited time and budget, 

which may be compounded by unexpected and challenging site conditions. Thus, the 

GPR surveys might be acquired quickly with parameter selection set to default values. 

Even though the results of this work can be encouraging, is it possible to do better?  
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This project was undertaken to vary GPR parameters, and answer some of the questions 

that have arisen once processing and analysis of the GPR sections has been completed. 

Questions for consideration included: What is the optimal spacing for the GPR lines? 

How does the resolution respond to increased line spacing? and are the interpolated/non-

interpolated time slices identical for different acquisition orientations and profile 

directions?  

C.2. Survey Site 

The survey site is located within a horse paddock on an acreage west of Fish Creek Park 

and south of Calgary, Alberta. At the end of the Pleistocene, approximately 33,000 BCE, 

the area around Calgary and Fish Creek Park was covered in glaciers. The retreat of the 

glaciers produced a number of valley systems and rivers, and a more hospitable 

environment for human occupation. 

The park is believed to have been home to generations of native peoples and the first 

Europeans to settle in this region. Earliest occupation is estimated to have been around 

6500 BCE.  Fish Creek Provincial Park officially opened in 1975, and is considered to be 

an important archaeological site. Artifacts that have been unearthed include native 

weaponry such as spear points, and ancient cooking utensils.  

This particular site was chosen with the hope of finding some archaeological features on 

the property, but a more detailed reconnaissance proved that the septic field area provided 

the best results in terms of resolving subsurface features. The septic field was located 

approximately 50 metres east of a house with two sewer pipes buried in the subsurface at 

an approximate depth of about 0.5 metres.  



150 

 

The survey site is within a grassy horse paddock, the greenest part located directly over 

the septic field. The surface proved to be irregular with rocks and small surficial 

depressions evident. Small topographic changes were detected by the GPS survey. The 

near-surface was composed of black organic rich soil, likely topsoil, overlain with grass.  

C.3. GPR Survey 

The GPR equipment consisted of a Noggin® 250 and Smart Cart® system manufactured 

by Sensors and Software Limited. The antenna frequency was 250 MHz. A trace interval 

of 0.05 m was selected for all the GPR lines, triggered by a wheel odometer. The sample 

rate was set at 0.40 ns. As the transmitter and receiver antenna are housed in the same 

unit, at a separation of 0.28 m, velocity information was garnered by the hyperbolic 

fitting of curves to point diffractors. A series of closely spaced 2-D lines were obtained 

consecutively in opposite directions for two orthogonal grid orientations. For example, 

for each of the thirty seven survey lines in the X grid, a forward and reverse profile was 

acquired. A similar procedure was employed two days later for the Y grid. Lines were 

spaced 0.20 m apart, approaching a practical survey limit given by the width of the 

NOGGIN unit itself. Instead of acquiring three separate surveys, this type of procedure 

allowed for three combinations of acquisition directions, created by simple file 

manipulation, as outlined in Figure C.1. 
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Forward direction Reverse direction

Forward–reverse set-up

Forward direction Reverse direction

Forward–reverse set-up

 
Figure C.1 Different acquisition directions. 

 
To define the geometry of the survey, the 7.2 m x 7.2 m grid was measured and pegged at 

every 0.20 m. Using chaining tape and twine, the grid was roped off every 0.40 m in both 

the X and Y orientations. This allowed for a more effective GPS survey to be conducted 

at each of the pegs around the perimeter of the survey and at the intersection of the 

strings. The GPR lines were acquired by centering the unit, and either walking along each 

of the strings, or between them. This methodology proved very efficient. 

A number of diffractors in the survey area indicated a near-surface velocity of 0.06 m/ns.  

C.4. Processing of the GPR data 

After the survey data was collected, it was necessary to create the various acquisition 

configurations which represented a forward direction, a reverse direction, and a forward-

reverse set-up. Due to the internal numbering convention within the software employed 

(ReflexW), it was also necessary to rename the various lines in order to ensure the correct 

placement in the grid. This was done in both orthogonal orientations for a total of 6 

acquisition directions.  
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Processing of the GPR data was accomplished using the ReflexW software specifically 

modified for application to ground-penetrating radar (Sandmeier, 2004). The processing 

flow consists of a static time shift, setting equidistant traces, application of a “dewow” or 

low-cut filter with and without a running average spatial filter, followed by the 

application of a Butterworth filter. As electromagnetic energy is both dispersed and 

attenuated as it radiates into the ground, the application of an energy decay curve was 

also necessary (Goodman and Conyers, 1997). 

C.5. GPS Survey 

The GPS grid consisted of a 7.2 m x 7.2 m grid with 0.40 m spacing. The GPS survey 

was conducted to account for elevation corrections and to accurately set the coordinates 

of the GPR survey. The GPS grid was surveyed at every intersection of the grid using a 

Sokkia GSR2650LB base/rover pair.  Each point was occupied for a single epoch, and the 

antenna was mounted on a 2 m pole. The grid consisting of 361 points was completed in 

less than 2 hours using the GIS-CE software from Carlson.  In Figure C.2, the squares are 

exactly 0.40 m x 0.40 m (the grid spacing).  The surveyed points should (ideally) fall in 

the centre of each square. While the circular error probability (estimated mean error) was 

typically reported at 0.15 m, most of the observable error can be attributed to the 

accuracy of the layout and the ability to keep the rod levelled (Bland, 2005). The 

elevation accurately portrays the ground undulations at the field site with a high in the 

centre trending to the upper right and a low in the upper left corner. 
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Figure C.2 GPS Survey topographic map. 

C.6.  Septic Field 

The septic field is located within a horse paddock on the property. A schematic of a 

septic field which likely represents the set up at the acreage is shown in Figure C.3.  

 
Figure C.3 A likely septic field configuration at site (courtesy of A1 Sewage 

Services). 
 
The pipes from the house feed directly to a septic tank which collects and breaks down 

the solid waste. Two baked clay pipes spread the wastewater to a septic field. The pit 

containing the pipes was lined with gravel, filled in with the excavated material, and 

topped with a layer of topsoil and grass. This was confirmed by digging a small hole 

approximately 6 inches wide and 6 inches deep into the center of the grid where we 

encountered black, rich, organic soil. 
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The GPR response to buried items on a radar image is a hyperbolic shape (Jol and 

DeChaine). Thus, the sewer pipes can be clearly recognized on Profile line Y132, 

acquired in a direction perpendicular to the trajectory of the pipes. On this particular line, 

the spatial filter was omitted in the processing flow. Two distinct diffraction patterns are 

evident in Figure C.4 at 2 m and 6.3 m respectively and using a velocity of 0.060 m/ns 

are located at a depth of 0.42 m and 0.54 m. The pipe on the left has a stronger reflection 

which may suggest that it is liquid filled (Sensor and Software Inc., 2003). 
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Figure C.4 Profile line Y132 showing the location of sewer pipes. 

C.7. Results 

Comparing the displays generated from the different orientations and directions, has led 

to some interesting results. Each of the displays was processed with the same processing 

flow, with close attention to the gain function and any process that might affect the 

amplitude of the data. The range of colour bar values was consistent for all the displays. 
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Figure C.5 Time slice of X grid forward pattern. 

0 1 2 3 4 5 6           7 

Amplitude

X Distance (m)

Y 
D

is
ta

nc
e 

(m
)

-32768

-4096

-16384

-20480

-24576

-12288

-8192

-28672

4096

8192

0

12288

16384

20480

24576

28672

32768

Shallower Sewer Pipe

Pr
of

ile
  

 L
in
e

Deeper Sewer Pipe

0
1 

2
3

4
5

6 
   

   
  7

   

0 1 2 3 4 5 6           7 

Amplitude

X Distance (m)

Y 
D

is
ta

nc
e 

(m
)

-32768

-4096

-16384

-20480

-24576

-12288

-8192

-28672

4096

8192

0

12288

16384

20480

24576

28672

32768

Shallower Sewer Pipe

Pr
of

ile
  

 L
in
e

Deeper Sewer Pipe

0
1 

2
3

4
5

6 
   

   
  7

   

0 1 2 3 4 5 6           7 

Amplitude

X Distance (m)

Y 
D

is
ta

nc
e 

(m
)

-32768

-4096

-16384

-20480

-24576

-12288

-8192

-28672

4096

8192

0

12288

16384

20480

24576

28672

32768

Shallower Sewer Pipe

Pr
of

ile
  

 L
in
e

Deeper Sewer Pipe

0
1 

2
3

4
5

6 
   

   
  7

   

 
Figure C.6 Time slice of X grid reverse pattern. 
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Figure C.7 Time slice of X grid forward-reverse set-up. 

Figures C.5 through C.7 represent time slices created at an arbitrary time of 15.95 ns 

from the X grid in forward, reverse, and forward-reverse directions. On close inspection, 

the amplitude and character of the time slices is consistent for all three plots. It appears 
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that in this case, one can be reasonably confident in choosing any acquisition direction 

for subsequent surveys. This however may not be indicative of every survey as the 

success of GPR is dependent on the composition of near-surface material, antenna 

frequency, and conditions such as the clay content and saturation levels of the soil. Plots 

from the orthogonal orientation, Grid Y, showed similar results between the forward, 

reverse and forward-reverse directions.  

Figures C.8 and C.9 represent the GPR time slices in the forward direction of the X grid 

and the Y grid. The interpreted location of the sewer pipe, based on the position of the 

diffraction apex, is superimposed onto the latter figure. Note that the linear trend 

representing the sewer pipe does not continue to the edge of the survey. The amplitude 

within the area of the pipe changes too, which may indicate a change in the saturation 

level of the soil in the immediate area. As one might expect, the trend is much more 

apparent on the Y grid since those lines intersect the pipe at a right angle. 
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Figure C.8. Time slice of X grid forward pattern. 
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Although subtle differences in character exist between the two, there is quite a distinct 

difference between the orthogonal grids in terms of amplitude. The GPR surveys were 

completed two days apart. The temperature on both days was consistent at about 10 

degrees Celsius with overcast skies. Although there was no precipitation on the 

acquisition days, precipitation of approximately 1 mm was noted in the period between. 

This may have been enough to trigger the differences. Other explanations for the 

amplitude differences may be due to strong amplitudes recovered in the areas of the grid 

where there was no overlap between the X and Y profiles and the subsequent 

normalization of those amplitudes, or with the calibration of the instrument before 

initiation of the survey. 
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Figure C.9 Time slice of Y grid forward pattern. 

Even though the GPR surveys were conducted with the same instrument along the same 

profile, direction does appear to affect the acquired GPR image to some degree. The plots 

shown on the previous page were collected using fine grid parameters, specifically a 0.20 

m line separation. What would happen if the dataset was decimated to include every other 

line only? What would happen to the resolution and amplitude of the time slice?  
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Comparing the X grid reverse pattern using all the lines (Figure C.6), with the X grid 

reverse pattern decimated every second line (Figure C.10), small changes are evident in 

character but both show similar trends. This outcome is sufficient for situations in which 

buried features are fairly large, as in the case of detecting sewer pipes. In the case of 

archaeology, however, where artifacts may be small and resolution is critical to any 

detailed interpretation, there is an essential need for smaller line separation. 
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Figure C.10 Time slice of X grid reverse pattern decimated every second line. 
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C.8. Conclusions 

In analyzing the different acquisition directions within each grid, one can feel reasonably 

confident that the images from the forward, reverse and forward-reverse time slices are 

almost identical in terms of the detail, character and amplitude. For this particular case, 

one can proceed to acquire in any one direction within the grid.  

Comparing the individual X and Y grids does bring to light differences in amplitude but 

only a minimal change in the general character of the dataset. The amplitude differences 

may be due to soil saturation or amplitude calibration issues. The fact that the X and Y 

grids are not identical however does raise a red flag in terms of attempting to merge the 

two orientations. The fact remains that each survey grid is unique and merging the two 

would entail a smearing of the data or more specifically a smearing of the amplitude. The 

authors are reluctant to do so until we can reasonably explain our findings. 

As expected, the finer the grid parameters, the better the resolution of the GPR image. 

Based on the results of this study, all subsequent surveys searching for small features or 

anomalies should have a finer line separation. Orthogonal surveys should be acquired at 

the same time if possible to minimize any possible amplitude variations.  
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