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DISCLAIMER 
 
Intended use and technical limitations of the report, “An interim, non-validated soft sediment 
thickness map for the Mactaquac Headpond derived from sub-bottom profiles acquired during 
summer, 2014”.  This report describes an interim description of the process for determining 
sediment thickness in the Mactaquac Head Pond.  The presented data remain non-validated.  The 
CRI does not assume liability for any use of the included data or analyses outside the stated 
scope.    
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Introduction 
 
From May-July 2014 single beam echosounder data were acquired in the Mactaquac Headpond 
between the Mactaquac marina and Woodstock, NB as part of a survey involving simultaneous 
acquisition of multibeam bathymetry data. A Knudsen KEL 320 Echosounder was used to acquire 
two single beam surveys at the same time, employing (i) a 28 kHz continuous wave (CW) 
transducer to detect the water bottom, and (ii) a 3.5 kHz chirp transducer capable of penetrating 
the bottom and detecting a sub-bottom layer in selected locations. The two single beam data sets 
were saved in industry-standard SEGY seismic data format. The data files also contained 
navigation information, recording position in latitude/longitude format. 
 
Software from NRCan (SegyJp2 and SegyJP2Viewer) was used to display the single beam profiles 
and allowed for manual picking of the interpreted water bottom and (where visible) sub-bottom 
horizons. The interpreted horizons for each individual profile were exported from the 
SegyJP2Viewer software as shape files to be imported into ArcGIS. 
 
Ideally, the water bottom and sub-bottom horizons would both have been picked on the 3.5 kHz 
profiles. However, the onset (arrival time) of the water bottom reflection in the 3.5 kHz profiles 
was unclear, due to the presence of a precursor signal present in most areas (Figure 1). To 
address this issue the 28 kHz data was used to pick a reliable water-bottom horizon (Figure 2) 
and the 3.5 kHz data was used to pick the sub-bottom horizon (Figure 3). Further details on the 
rationale used to pick the sub-bottom horizon are provided in Appendix A. 
 
In ArcGIS, the lat-long coordinate system attached to the horizon data were converted to NB 
Stereographic coordinates. Horizon picks from all survey lines were merged and interpolated 
(using the Natural Neighbour algorithm) to 10 m x 10 m cells to generate two surfaces: one for 
the water bottom based on the 28 kHz profiles, and one for the sub-bottom based on the 3.5 kHz 
profiles. Grid cells for the two surfaces were made coincident, to facilitate a grid subtraction 
process for the calculation of soft sediment thickness. Importantly, it was necessary, prior to 
subtraction, to apply a 10 m buffering operation to each grid. This had the effect of masking any 
grid cells that were more than 10 m away from an interpreted horizon pick. This was important 
to prevent the generation of artifacts in the grid subtraction process – particularly in areas where 
bathymetry changed abruptly and the sub-bottom horizon was not clear enough to be picked.  
The buffered water bottom grid was subtracted from the buffered sub-bottom grid, to yield a 
difference for each valid (non-masked) cell common to both grids. These difference values, 
representing the difference in milliseconds between the arrival time of the water bottom and 
sub-bottom reflections, were converted to thicknesses by dividing them by two (to account for 
two way traveltime of the acoustic pulse) and multiplying by an estimated sound speed of 1500 
m/s, considered reasonable for soft sediments. Finally, the thickness values were treated as a 
new XYZ dataset and interpolated to fill in gaps, again using the Natural Neighbour algorithm 
with 10 x 10 m cells. A 50 m buffer was applied to this final thickness grid, giving rise to blank 
zones or “holes” in the thickness map where survey lines are particularly far apart. 
 
The interim soft sediment thickness map based on data collected up to August 2014 is shown in 
Figure 4. Additional data collected in September and October, 2014, and July 2015 largely in the 
Nackawic to Woodstock area have not yet been incorporated. The average thickness inferred for 
the mapped areas in Figure 4 is 0.39 m with a standard deviation of 0.35 m, and an uncertainty of 
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at least 15 cm as outlined further below. Thicknesses of up to 5.7 m are inferred for a small area 
measuring approximately 300 m by 250 m in the Mactaquac Arm. 
 
 
Limitations of the Interim Sediment Thickness Map 
 
Conversion from two-way time in the sub-bottom profiles to depths and thicknesses was done 
assuming a constant 1500 m/s for the speed of sound in the sediment layer. This value is 
considered reasonable for soft (uncompacted) sediments such as sediment deposited since the 
construction of Mactaquac Dam. The minimum expected velocity would be ~1420 m/s (speed of 
sound in fresh water at 4°C, in which case thicknesses would be 5% less than estimated. If 
sediment in certain areas is significantly more compacted than expected, sound speed could 
reach values on the order of 1800 m/s in which case thicknesses could be up to 20% greater than 
estimated. 
 
There appears to be a timing offset between the 28 kHz and 3.5 kHz surveys; the water bottom 
reflection in the 28 kHz data appears to precede its (less distinct) arrival in the 3.5 kHz data by 
about 0.2 ms. The result is that the water bottom horizon appears approximately 15 cm 
shallower in the 28 kHz data. This offset of 15 cm has been subtracted from the thickness values 
calculated by the grid differencing procedure described above.  
 
In the absence of any significant error in sound speed, the precision of soft sediment thickness 
estimates is likely dominated by uncertainty in picking the proper peak/cycle in the reflection 
data for the sub-bottom horizon. An uncertainty of ± 15 cm should be taken into account. 
 
Interpolation errors are present in the sediment thickness map due to the low density of picked 
points representing the sub-bottom horizon. Although interpolation errors were limited by the 
buffering process described above, they do give rise to localized thickness artifacts in regions 
with steep bathymetric profiles. 
 
Most importantly, it should be pointed out that this interim sediment thickness has not yet been 
verified by sediment coring or other means. The need to rely on two separate data sets (28 kHz 
and 3.5 kHz) to derive thickness estimates increases the possibility of systematic error. 
Furthermore it is not possible to determine from the sub-bottom profiles alone what portions of 
the soft sediments were deposited following inundation of the headpond.  
 
 
Summer 2015 Update 
 
A continuation of last summer’s multibeam bathymetry and sub-bottom profiling surveys began 
at the start of July, 2015. The focus is on increasing coverage between Nackawic and Woodstock. 
New this year to the single beam survey is a Knudsen 3202 Chirp Series echosounder which now 
allows the 28 kHz channel to be chirped, and for a wider bandwidth sweep on the 3.5 kHz 
channel. These new tools may provide improved resolution of thin post-inundation sediments in 
the headpond compared to the previous season’s survey results. 
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A coring program using a vibracore system is scheduled to commence by early August. The 
results from the cores will provide ground-truth data which can be applied to the sediment 
thickness map to reduce the margin of error. 
 
Finally, a higher power and higher resolution sub-bottom profiler – the IKB Seistec system, 
employing an electrodynamic boomer source – is scheduled to be used in the headpond during 
the last week of August. The boomer source produces a broadband pulse with a sharp onset that 
is superior to the echosounder for imaging thin sediment layers. In addition, the Seistec system 
should allow for imaging of deeper sediments, possibly delineating depth to the sand and gravel 
aquifers that underlie some stretches of the headpond and provide water to the towns of 
Nackawic and Woodstock. The IKB Seistec system has in fact been used for aquifer mapping 
beneath the Saint John River previously (Butler et al., 2004; Nadeau, 2005) at Fredericton, 20 km 
downstream from Mactaquac, where the glacial stratigraphy is known to be similar. 
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Accompanying Figures 
 

 
(A) 
 

(B) 
 
Figure 1. A summer 2014 sample profile collected by the 3.5 kHz chirped sounder.  

(A) The red line shows the original interpretation of the water bottom horizon. This 
bottom horizon interpretation did not agree with the bottom horizon in the 28 kHz data 
and is actually a precursor signal. 
(B) The orange line represents the true bottom, drawn on to line up with the 28 kHz 
data results. 
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Figure 2. A summer 2014 sample profile collected by the 28 kHz continuous wave (CW) sounder 

over the same area as that shown in Figure 1. The water bottom (shown by the red line) 
is very clear and easy to distinguish. Note the 28 kHz CW data does not provide the 
resolution to see any layering in the thin sediment or allow for distinguishing a sub-
bottom horizon. 

 
 

 
 
Figure 3. The same 3.5 kHz sample profile displayed in figure 1. The green line shows the 

interpreted sub-bottom horizon. 
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(A)  

(B)  
 
Figure 4. Interim soft sediment thickness map for the Mactaquac Headpond as of April 10, 2015 

shown in two parts: (a) Woodstock to Nackawic; (b) Nackawic to Mactaquac Arm.  A 
non-linear colour scale is used to better illustrate variability for thicknesses <1 m. 
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Appendix A 

 
Determining where to pick sub-bottom horizon in 3.5 kHz chirp sonar data 
 
The chirp sonar differs from the conventional sonar in that, rather than emitting several cycles of 
a sine wave at a constant frequency, it transmits frequency modulated (FM) pulses. These FM 
pulses “sweep” through a range of frequencies over a specified time duration, generally covering 
a range anywhere between approximately 400 Hz and 28 kHz, and giving the source function a 
wide bandwidth and long pulse length (Mosher and Simpkin, 1999). This swept-frequency or 
chirp signal has a time varying frequency. When using the chirp sonar, a matched filter is 
generally applied to the incoming data in real time as part of the on board processing. Match 
filtering involves cross-correlating the original signal with the data time series containing 
arrivals that were reflected back to the sonar (Caress, 2009). This match filtered time series 
contains peaks where the source function correlates with arriving signals in the data. The 
autocorrelation of the source chirp is called the Klauder wavelet (Figure A-2). The Klauder 
wavelet has the largest peak centred at time zero, with a smaller peak on both sides of the main 
peak, and smaller oscillatory tails stretching out on either side. The central lobe may be a peak or 
a trough depending on the polarity of the reflection. Klauder wavelets, resulting from cross-
correlation of two chirp signals, are acausal, meaning that they exhibit non zero values before the 
time where two chirp signals are optimally aligned. (In contrast, causal signals such as those 
produced by explosive sources have no values or structure preceding the arrival time.) As a 
result, the arrival times of reflected signals should be picked at correlation peaks (at the central 
peak of the Klauder wavelet) and not at leading edges when working with match filtered chirp 
sonar data (Figure A-3) (Caress, 2009). 
 
The SegyJP2Viewer software from NRCan was used for viewing and interpreting the sonar data. 
This software shows a variable density display of the profiles, assigning different densities of 
shading to different amplitude values (darker shades for higher amplitudes). The sub-bottom 
interface is much denser than the overlying soft sediments and therefore is expected to return 
the strongest reflection (darkest shade reflector in the SegyJP2Viewer). Since the cross-
correlated chirp data returns a Klauder wavelet at a reflected interface, there are multiple cycles 
for each reflection/interface, showing up as shaded bands on the software. As mentioned above, 
the central band is the proper one to pick as the bands on either side represent the side lobes of 
the Klauder wavelet (Figure A-4). 
 
 
Determining the timing offset between the 3.5 kHz and 28 kHz systems 
 
Regions hosting thick deposits (< 1 m) of soft sediments appear not to exhibit the precursor 
signal in the 3.5 kHz data which is present over the areas of thinner sediment. The small region of 
thick sediments found in the Mactaquac Arm allowed for acquisition of 3.5 kHz data that was free 
of a precursor (Figure A-5), and could be compared to the 28 kHz data to determine if there was a 
timing offset between the two systems. In order to clearly observe any difference, the picked 
horizon data was exported to Microsoft Excel and both the 3.5 kHz and 28 kHz horizon data was 
plotted on the same graph (Figure A-6). Using this graph to compare the picked water bottom 
reflection for the 3.5 kHz and 28 kHz systems it was determined there was an offset between the 
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two, with the bottom in the 28 kHz data appearing approximately 0.2 milliseconds shallower 
than in the 3.5 kHz data. 
 
 
Appendix A:  Figures 
 
 

(A)  

(B)  
 
Figure A-1. Examples of modelled chirp sonar source signatures. (A) 2-7 kHz sweep with a linear 
           taper of 1 ms (Baradello, 2014). (B) 2-10 kHz sweep with no taper applied (Caress, 
           2009). 
 
 
 

 
 
Figure A-2. The Klauder wavelet – the autocorrelation of the chirp sonar pulse (Quinn et al., 
           1998). 
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Figure A-3. Arrival time of Klauder wavelet should be picked at the central lobe or correlation 
           peak as seen above (Gutowski et al., 2006). 
 
 
 

 
 
 
Figure A-4. A sample 3.5 kHz profile from the Mactaquac headpond. The Klauder wavelet  
           associated with the sub-bottom horizon is pointed out (at the right), visible as the   
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           three darkest bands. The central band (central peak of the Klauder wavelet)   
           highlighted in red, represents the sub bottom horizon. 
 
 

 
 
Figure A-5. A 3.5 kHz profile across the region of thick sediments in the Mactaquac Arm. The red
           line represents the bottom surface, and the yellow line represents the sub bottom
           surface. The black box indicates the small area that was focused on to look for a 
           timing offset between the two systems (seen in Figure A-6). 
 
 
 
 

 
 
Figure A-6. Both the 3.5 kHz (LF) and 28 kHz (HF) horizons plotted in Microsoft Excel (showing 
           the area outlined by the black box in Figure A-5). Focusing on the HF bottom in  
           yellow, and the LF bottom in red, it is evident there is an offset of approximately 0.2
           milliseconds between the two arrivals. 
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