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DISCLAIMER
Intended use and technical limitations of the report, “Sediment thickness map for the Mactaquac
Headpond derived from acoustic (Seistec) sub-bottom profiles”: this report describes a program
carried out to map variations in the thickness of post-inundation sediment on the bottom of the
Mactaquac Head Pond. The CRI does not assume liability for any use of the included data or
analyses outside the stated scope.
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Executive Summary
In order to understand the distribution of sediment that has accumulated in the Mactaquac
Headpond since the emplacement of the Mactaquac Dam in 1968, acoustic sub-bottom profiling
surveys were undertaken in 2014 and 2015. After an initial 28/3.5 kHz chirp sonar survey
acquired concurrently with multibeam bathymetry data proved ineffective, a higher resolution
Seistec system was used late in the summer of 2015 with the capability of imaging sediment
layers as thin as 12 cm.

The Seistec survey was successful in the lower part of the headpond, stretching ~25 km from
Mactaquac to Bear Island. The sediment thickness map produced for that area (Figures 7-9)
shows an average thickness of 26 cm. The thickest sediment deposits, measuring up to 50 cm,
were located on the bed of the old river channel on the west side of Snowshoe Island, and to the
south and southeast of Bear Island.

Unfortunately, upriver of Bear Island to Nackawic, gas is present in the sediments at the
sediment/water interface. Acoustic profiling is unable to penetrate such gas-charged sediments
and was therefore unable to yield sediment thickness estimates for that area. A small scale field
trial conducted near Nackawic in August, 2016 confirmed that ground penetrating radar (GPR)
represents a viable alternative to image gassy sediment layers in that area. However, additional
GPR data collection and coring would be required to produce a sediment thickness map for the
Bear Island to Nackawic area.

Further upriver from Nackawic to Woodstock, the Seistec sub-bottom profiles do not reveal any
soft sediment in excess of the minimum resolvable 12 cm. This conclusion is supported by the
multibeam bathymetry in which boulders and rocks are clearly visible, indicating that the silty
sediments observed farther downstream in the headpond have only sparsely accumulated in this
reach of river.

Results from the sediment coring program appear to coincide with the mapped thicknesses based
on the Seistec sub-bottom profiles.

1 Introduction

Understanding the distribution of sediment that has accumulated in the headpond since it was
flooded in 1968, and the nature of deeper stratigraphy plays an important role in making a
decision on the future of the Mactaquac Dam. Information on the distribution of post-inundation
sediment is important for the creation of hydrodynamic models for re-suspension, transport, and
downstream deposition of reservoir sediments in the dam removal scenario. Plans might also be
required for stabilization of thicker sediment areas in the event of dam removal. The deeper
Quaternary stratigraphy, underlying the post-inundation sediment, is of interest for its
importance in hosting current (e.g. Nackawic, Woodstock) and future groundwater supplies, and
for its geotechnical relevance to construction activities related to the Mactaquac Dam.
In the summers of 2014 and 2015 a low power, moderate resolution acoustic pinger survey,
employing 3.5 kHz and 28 kHz piezoelectric transducers was run in conjunction with a
multibeam bathymetry survey in an initial attempt to map sediment thicknesses throughout the
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Mactaquac Headpond. Unfortunately this method proved ineffective, with the pinger system
lacking both the vertical resolution necessary to resolve the thin post-inundation sediment, and
the power to achieve the depth of penetration necessary to image the deeper glacial stratigraphy
(see Grace and Butler, 2015 for details).
A follow-up survey employing a towed “Seistec” high resolution sediment profiler with a more
powerful boomer source was run later in the summer of 2015. This system had previously
proved effective for imaging deeper Quaternary sediments and structures at Fredericton (Butler
et al., 2004; Nadeau, 2005), 20 km downstream from the Mactaquac Dam, where the glacial
stratigraphy is known to be similar.

Using the Seistec system, thin soft post-inundation sediments were clearly imaged, with a
minimum resolvable thickness of 12 cm in a 25 km stretch of the headpond, extending from the
dam to Bear Island. Coherent reflections from the deeper Quaternary sediments were also
observed in some areas – particularly in the lowermost 5 km of the headpond, directly above the
dam. The Seistec profiler provided the resolution needed to produce a much more accurate
sediment thickness map than the previous one based on the 28/3.5 kHz pinger data (Grace &
Butler, 2015). However, the system also showed that acoustic profiling methods could not be
used to map sediment thickness beneath a ~17 km stretch of the headpond extending from Bear
Island to Nackawic, due to gas in the sediments preventing penetration of the acoustic signal.
Upriver of the Nackawic area, the Seistec survey revealed no evidence of widespread soft
sediment exceeding the minimum resolvable thickness.

This report summarizes the methodology of the Seistec survey including data acquisition,
processing as well as an interpreted sediment thickness map. Supporting data provided by
shallow sediment cores collected at several sites is also included, in addition to discussion on the
limitations of the data and resultant sediment thickness map. Finally, we present results of a field
trial of waterborne GPR surveying, which show potential to extend the sediment thickness map
over the gas-charged area between Bear Island and Nackawic if deemed necessary.

2 Methods

2.1 Seistec Sub-bottom Profiler Survey
From 25 August – 1 September 2015 approximately 200 line-km of single channel acoustic
profiling data were acquired in the Mactaquac Headpond between the Mactaquac marina and
Woodstock, NB (Figure 1). A high resolution sub-bottom profiler – the Sempro Seistec 3
(Appendix A) - was used to acquire the data. The profiler is a surface towed catamaran (Figure 2)
supporting an electro-mechanical sound source (boomer) and a directional line-in-cone
hydrophone receiver. The boomer source produces a broadband pulse with a sharp onset that
provided superior resolution and depth of penetration to the pinger echosounders used the
previous season. The Seistec’s internal receiver consists of a vertical array of hydrophones on the
axis of a 45° cone (Simpkin and Davis, 1993); it excels in shallow water where it can retain the
high frequency content of reflected pulses more effectively than conventional single channel
multi-element hydrophone streamers which suffer from surface ghosting and from imperfect
summation along the streamer for non-vertical reflected arrivals. Nonetheless, an external
channel consisting of a multi-element single channel streamer about 3 m in length was also
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towed alongside the Seistec unit (Figure 3). The wider aperture of the streamer made it more
sensitive in the lower frequency range which was useful for imaging deeper sediment and
structure. The data sets were saved in industry-standard SEGY seismic data format. The data files
also contained navigation information, recording position in WGS84 UTM format. Positioning
data was provided by an integrated GPS antenna/receiver mounted directly on the Seistec
catamaran (see Figure 2), which provided horizontal positions incorporating a WAAS differential
correction once per second with a nominal accuracy of approximately 3 m. Additional details on
the data acquisition parameters are provided in Table 1.
Table 1: Seistec data acquisition parameters

Recording System:
Software: GSCA USB9234 Digitizer mk 1.3 Alpha software
Hardware: National Instruments USB 9162 carrier for the USB9234 four channel 24-bit
digitizer (Channels 1-2 for analog data, Channel 4 as trigger input)
Low cut filter: 300 Hz
Data Delay: 0 ms

Record Length: 100 – 160 ms

Time Varying Gain (TVG): Linear TVG applied for 250 ms window correcting for spherical
spreading (1/r)
TVG Ramp Rate (Time from 0 to max gain): ¼ second

Boomer firing (key) rate: every 3/8 second or ½ second used on different survey lines

Boat Speed: ~5 km/h (1.39 m/s)

Typical Trace Spacing: 0.52 m at 3/8 second key rate
0.70 m at ½ second key rate

2.2 Seistec Sub-Bottom Profile Interpretation and Sediment Thickness Map Preparation
Vista 2013 2D Seismic Processing software was used to process, display, and pick horizons on the
single channel profiles. To begin, noise outside the main signal bandwidth was removed by
applying a minimum phase butterworth band pass filter with low pass and high pass corner
frequencies of 1000 and 8000 Hz respectively, using filter slopes of 12 dB/octave; most of this
noise was concentrated in the lower frequency band. After processing, horizons were picked
manually (see Appendix B) for interpreted water bottom and sub-bottom (i.e. pre-inundation
water bottom) interfaces (wherever sediment thickness was sufficient to distinguish the two
reflectors). Post-inundation silty sediments blanketing the old river channel, where greater than
12 cm thick, were easy to distinguish as a consequence of their very low density and rigidity
compared to the harder sediment of the old river bottom. Water bottom reflections from the top
of post-inundation sediment were typically only 35% as strong as sub-bottom reflections from
the harder original river bed. There is less certainty in delineation of post-inundation sediment
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over flooded lands, where the pre-inundation surface sediment would have been softer, and
closer to the density of the post-inundation sediment. In such areas, post-inundation sediment
thicknesses could be over-estimated if the most prominent sub-bottom reflector originates at the
base of a pre-inundation soft soil layer. This is where the coring program becomes important for
helping to constrain post-inundation sediment thicknesses.
The picked water bottom and sub-bottom horizons for every Seistec profile were exported from
VISTA to an ASCII file listing the UTM coordinates of every trace (shot) in the profile and the
corresponding two-way travel times to the water-bottom and sub-bottom. These files were
imported into Microsoft Excel, where the bottom to sub-bottom arrival time difference was
divided by two and multiplied by an estimated sound speed of 1500 m/s to calculate sediment
thickness profiles for each survey line. The resulting XYZ table in Excel, containing UTM
coordinates and associated sediment thickness values was then imported into Surfer (v. 9) for
map production.

With the XYZ table open in Surfer, the XY coordinate data were first converted from their original
format in WGS84 UTM 19N to NAD83 CSRS New Brunswick Stereographic. Now in the desired
coordinate system, thickness data along the Seistec profiles were augmented by setting thickness
to zero along a polygon defining the shoreline of the headpond, and then gridded (interpolated)
to 50 m x 50 m cells using a kriging interpolation algorithm with a search radius of 1000 m. The
assumption that thickness should taper to zero at the water’s edge was based on the reasoning
that wave action should prevent accumulation of silty sediments in very shallow water. Once the
data was gridded, a color scale was applied to the thickness values with color levels at 2 cm
increments, and contours applied at 10 cm increments.
Two additional polygons were added to the map as overlays to define three regions of varying
confidence in the map. The inner, green polygon outlines the area where distinct water bottom
and sub-bottom horizons could be picked on the Seistec profiles. A second, outer polygon, light
blue in colour, outlines the complete extent of the Seistec survey lines. Regions between these
two polygons represent areas where the soft sediment generally appeared to be too thin (< 12
cm) to be resolved by the Seistec system. In some areas, however, this region overlies the
relatively steep slopes demarking the edges of the pre-inundation river channel where it was
difficult to discern whether the sediments were too thin to be resolved or whether the steep
slopes had simply degraded our ability to distinguish separate bottom and sub-bottom layers.

3 Results

3.1 Seistec Profiles and Thickness Map
The Mactaquac Headpond can be divided into three main regions based on the acoustic
characteristics of the bottom observed in the Seistec data (Figure 4): (i) the lowermost region,
covering approximately 25 km between the dam and Bear Island, where there is resolvable postinundation soft sediment, (ii) the middle region, extending approximately 17 km from Bear
Island to Nackawic where the presence of very shallow gas in the sediments (indicated by a
strong negative polarity reflection at the water bottom, and by gas bubbles in core) prevented
acoustic imaging of any sediment layer, and (iii) the upper region from the Hawkshaw bridge just
above Nackawic extending approximately 35 km upriver to Woodstock where any soft sediment
accumulation appears to be minimal, less than the 12 cm resolution of the Seistec system.
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The Seistec survey line coverage for the lowermost region is shown overlain on the multibeam
bathymetry map in Figure 5, and overlain on the sediment thickness map in Figure 6. Figure 7
shows the sediment thickness map for the entire Mactaquac to Bear Island area, while Figures 8
and 9 present the map in two sections at a larger scale. Interpretation of the Seistec data for the
Mactaquac to Bear Island stretch yielded an average sediment thickness estimate of 26 cm with a
standard deviation of 7 cm. The thickness interpretations based on the Seistec data are limited to
this lowermost region due to the gas charged sediments in the middle region (Figure 10). The
results show that the majority of the headpond between Mactaquac and Bear Island has
accumulated less than 30 cm of sediment since emplacement of the dam. However, two small
regions show a larger deposition of sediment reaching close to 50 cm in thickness. These regions
are found near the larger submerged islands, likely a result of lesser river current from the
shelter of these bathymetric high points. These thicker sediment depositions occur on the
western side of Snowshoe Island (Figure 11), and to the south and southeast of Bear Island.

The Seistec data along the stretch of headpond between the Hawkshaw bridge (Nackawic) and
Woodstock does not show any large sections with resolvable soft sediment deposition, although
it should be noted (Figure 1a) that profile coverage of this stretch of headpond is very sparse. The
lack of evidence of soft sediment in the Seistec profiles is not surprising, as when looking closely
at the multibeam bathymetry map (Figures 1 and 4) stones and boulders can be seen across
much of the river bed for this reach, indicating that any silty veneer must be relatively thin.

The boomer system was also capable of imaging greater depths than just the surficial soft
sediment, capturing deeper glacial and post-glacial stratigraphy and structure. One particular
area of interest lies 1 km upriver of the dam (Figure 12). Here, the Seistec system was able to
image a buried channel containing an esker-like feature, approximately 7 meters high, with its
top buried approximately 13 m below the river bottom. As shown in Figure 12, the channel is infilled with laminated sediment which is interpreted to be a post-glacial lacustrine silt-clay unit
that exhibited the same acoustic character in Seistec profiles acquired in the St. John River at
Fredericton ~20 km downstream (Butler et al., 2004). The esker-like feature trends NNE-SSW
parallel to the river valley, and can be traced upriver for about 2 km.

3.2 Coring Program and Ground Truthing

A sediment coring program was conducted in 2015 and June, 2016 using a vibracore system
deployed from the Sea Truck research boat in both vibrating and gravity coring modes. In
addition, a lighter weight gravity coring system was deployed through the ice to collect sediment
core near the Riverside Hotel and Longs Creek in February 2016. With experience, it was
determined that, while vibracoring retrieved the longest cores, it was better to operate the
vibracore apparatus as a gravity corer for purposes of recovering the soft, silty post-inundation
sediment. In Table 2, the soft sediment thicknesses determined from the four gravity cores
collected in the lowermost survey area in 2016 (Figures 5 and 6) are compared to thickness
estimates derived from the Seistec profiles.
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Table 2: Thicknesses of sediments captured by gravity cores compared to Seistec estimates
Core Location
Core – Total length
Core – Thickness to
Seistec - Thickness
grass layer (if present)
Riverside Hotel
30 cm
N/A (old river bed)
29 cm
Snowshoe Island
24 cm
9 cm (roots present
26 cm
down to bottom)
Long’s Creek
7 cm
N/A (old river bed)
18 cm
Bear Island
26 cm
24-26 cm
27 cm

The sediment thickness captured in the cores compares very closely to the estimated thickness of
the soft sediment layer imaged by the Seistec system. The Seistec thickness result for the
Riverside Hotel and Bear Island points are within two centimeters of the post inundation
sediment layer captured by the cores which is well within the expected uncertainty associated
with horizon picking error, sound speed velocity assumptions, and interpolation between survey
lines (as discussed below in the limitations section).

The Snowshoe Island core appears to disagree the most with the Seistec results. It shows a grass
layer, which is a clear indication of a post inundation sediment boundary, at 9 cm, which is 17 cm
less sediment than the Seistec showed for this location. We note that this core was located about
80 meters away from the reference Seistec line so regional variation in sediment thickness could
be to blame for the discrepancy. However, it might alternatively be a consequence of the
sediment density issue discussed in 2.2; pre-inundation soil on the island may have had a density
very similar to that of the post-inundation silty sediment, in which case the Seistec may not be
detecting this pre/post-inundation boundary, but instead capturing a reflection from the denser
tills or sands below both the former soil horizon. In general, there is less certainty in delineation
of post-inundation sediment over flooded lands, where the pre-inundation surface sediment
would have been softer, and closer to the density of the post-inundation sediment. In such areas,
post-inundation sediment thicknesses could be over-estimated if the most prominent sub-bottom
reflector originates at the base of a pre-inundation soft soil layer.

The Long’s Creek result also shows some disagreement, with the core capturing 11 cm less
sediment than estimated from the nearest Seistec profile, 160 m away. The discrepancy could
again be attributed to the distance between the core location and the Seistec line. However, it is
also very conceivable that the lightweight handheld gravity corer either failed to fully penetrate
the silty sediments, or that core was lost from the tube as the device was raised to the surface.
Extremely cold weather on the day of sampling stopped the coring team from collecting a second,
confirmatory sample at this location.
3.3 Limitations of the Sediment Thickness Map

Upriver of Bear Island the presence of gas in the sediments immediately below the water bottom
prevents the Seistec system from imaging the sediment. Downriver of Bear Island there are also
rare cases of gas in the sediments, however in most of these cases a thin sediment layer is still
distinguishable above the gas-containing sediment (Figure 13). It is not certain that the gas
horizon represents the base of soft post-inundation sediment, however, looking at regions where
these buried gas horizons begin and end, this appears to be a reasonable assumption as the
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sediment thickness above the harder sub-bottom interface is consistent with the thickness above
the gas interface (Figure 13).

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.
In the absence of any significant error in sound speed, the precision of soft sediment thickness
estimates is likely dominated by the resolution of the Seistec system. Sediment layers less than
about 12 cm thick are not resolvable, so in areas where sediment was not visible in the Seistec
profiles, there may be up to 12 cm of soft sediments.

Interpolation errors will be present in the sediment thickness map due to relatively wide spacing
of the survey lines, which varied from as little as 100 m near the dam to approximately 200 m
near Long’s Creek, to 800 m or more in the vicinity of Bear Island. In particular, the line spacing
near Bear Island is large compared to the size of the submerged island and old river channels and
therefore unlikely to capture associated details of sediment distribution.

Finally, we point out that the sediment thickness estimates derived from the Seistec sub-bottom
profiles are based on the assumption that post-inundation sediment will be softer than the
underlying substrate. The coring results provide some confidence that this assumption is
reasonable for the lower portion of the headpond covered by the sediment thickness map.
However, in area above Nackawic in particular, there may be coarser grained (sandy) postinundation sediment which cannot be distinguished from a pre-existing coarse-grained river
bottom. Conceptually, based on hydrodynamic considerations (discussed further in an
accompanying MAES report), this seems likely, as the Nackawic area could represent the
downstream extent of bedload sediment transport in the headpond; the headpond widens and
deepens at Nackawic with resulting loss of energy such that only suspended sediment transport
is expected beyond that point.

4 Field Trial of Waterborne GPR Surveying over Gas-Charged Sediments

A small scale field trial of waterborne ground penetrating radar (GPR) surveying was carried out
August 10 - 11, 2016, in the Nackawic area where the presence of gas had foiled attempts at
acoustic sub-bottom imaging. GPR has been used to image lake and river bottom sediment
occasionally in previous geotechnical and environmental studies (e.g. Powers et al., 1999; Toth et
al., 2003) where gas-charged sediments limited the effectiveness of acoustic methods. The
principal limitation of GPR is that electromagnetic waves attenuate rapidly in water and
especially in electrically conductive sediments such as clays.
The field trial was carried out using 100 MHz antennas in a catamaran that we designed to float
the GPR system over water. Due to the rapid attenuation of the GPR signal in the water column,
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the survey was only effective in water depths up to a maximum of 15 meters. Greater depths
could be probed using lower frequency (50 MHz) antennas, albeit with reduced resolution. In
shallow areas, such as the broad shallow banks across the headpond from Nackawic, , thin waterbottom sediment layers were successfully imaged, appearing mainly on the order of 30-60 cm in
thickness or less. However, we cannot be certain of the texture of those layers (silt or sand) or
whether they were deposited prior to or following inundation. In summary, the results of the GPR
field trial were encouraging, but more effort, including targeted gravity coring, would be required
to constrain interpretation of GPR profiles for post-inundation sediment mapping. Further details
on the GPR survey results can be found in Appendix C.

5. Recommendations for Further Study

It would be beneficial to augment the four gravity cores collected in the lower portion of the
headpond (below Bear Island) for ground truthing of the sediment thickness map derived from
the Seistec acoustic sub-bottom profiles. In particular, we would recommend investigating
whether the discrepancy in the Longs Creek core, collected with the lightweight gravity corer
under difficult conditions last February, may be a consequence of incomplete sediment
penetration or core recovery. Gravity coring with the heavier Sea Truck – mounted vibracore
apparatus could be conducted in that area during the fall of 2016. At the same time, cores would
be collected to verify the greatest thicknesses observed on the map, and in some shallow water
areas to investigate the assumption built into the map that post-inundation sediment thickness
tapers to zero along the shoreline.
Given the problem of “acoustic blanking” posed by gas-charged sediments between Bear Island
and Nackawic, and our very recent discovery that it can be overcome (at least in shallow water)
using GPR profiling, it would also be useful to collect additional cores in the Nackawic area to
support the interpretation of the sediment layering identified during the GPR test survey
acquired there. Expansion of the GPR survey area could be considered based on those results if
warranted.
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Figure 1.a: Multibeam bathymetry map displaying all Seistec survey lines (black) from Woodstock to Nackawic.
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Figure 1.b: Multibeam bathymetry map displaying all Seistec survey lines (black) from Nackawic to Mactaquac.
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Figure 2: The Sempro Seistec 3 profiler. The boomer plate is mounted forward on the catamaran, with
the internal receiver array located inside the aluminum cone to the rear. The streamer towed alongside
contains the external multi-element receiver array.

Figure 3: A top view of the Seistec profiling system. The boomer plate can be clearly seen towards the
front of the catamaran, with the aluminum cone directly behind it. The multi-element single channel
streamer is being towed off to the left side of the Seistec unit
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Figure 4: Multibeam bathymetry map showing three sections of the headpond (divided by red lines).
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Figure 5: Multibeam bathymetry map of Mactaquac Headpond (lower region) showing locations of Seistec profiles (black) and cores (red).
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Figure 6:
Sediment
thickness map
with location
of Seistec lines
(black) and
cores (red)
overlain.
Locations of
submerged
pre-dam
islands are
outlined in
dark blue.
Light blue
polygon
represents
extent of
Seistec lines.
Green polygon
represents
extent of
horizon picks.
Thickness was
tapered to
zero along the
shoreline.
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Figure 7:
Soft sediment
thickness map
for lower
section of
Mactaquac
Headpond
(Mactaquac to
Bear Island).
Locations of
submerged
pre-dam
islands are
outlined in
dark blue.
Light blue
polygon
represents
extent of
Seistec lines.
Green polygon
represents
extent of
horizon picks.
Thickness was
tapered to zero
along the
shoreline.
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Figure 8:
Western half of
sediment thickness
map (Bear Island
to Long’s Creek).
Locations of
submerged predam islands are
outlined in dark
blue. Light blue
polygon
represents extent
of Seistec lines.
Green polygon
represents extent
of horizon picks.
Thickness was
tapered to zero
along the
shoreline.
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Figure 9:
Eastern half of sediment
thickness map (Long’s Creek
to Mactaquac). Locations of
submerged pre-dam islands
are outlined in dark blue.
Light blue polygon represents
extent of Seistec lines. Green
polygon represents extent of
horizon picks. Thickness was
tapered to zero along the
shoreline.
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Figure 10: A core from collected in the Nackawic region during the 2015 coring
program. About 10 cm down in the core, bubbles become present in the
sediment. These bubbles are a result of gasses trapped in the sediment, and
inhibit the signal from the Seistec from passing through that interface.

Figure 11: Seistec profile across Snowshoe Island (location represented by red line on bathymetry map
to left) showing thin soft sediments. Sediment accumulation on the west (left) side is almost double that
of sediment accumulation on the east side (right).

Figure 12: Seistec profile about 2 km upriver of the Mactaquac Dam (location represented by the red line
on the left) showing a post-glacial buried channel and a possible esker approximately 10 m high and 60 m
wide. Close-spaced reflectors within the channel feature represent finely laminated post-glacial silt-clay.
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Figure 13: Segment of a Seistec profile passing over a region where the interpreted sub-bottom reflector
transitions from a strong negative polarity reflection (indicative of gas-charged sediment) to a positive
polarity reflection. The soft sediment layer thickness remains relatively consistent across both.
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Appendix A
Data Sheet for Sempro Seistec 3 Sub-bottom Profiler
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Preliminary Brief - July 2015

Seistec 3 Sub-bottom profiler

History
The Seistec sub-bottom, sediment profiler was developed in 1987 to address some of the problems and
limitations encountered when using the traditional boomer source/streamer configured profilers in the
shallow waters of the Mackenzie Delta in Arctic Canada. A production version consisted of a 2.5 m long
catamaran supporting a boomer source and a unique line-in-cone directional receiver. These profilers
have been used by research groups and commercial operators since 1990 in shallow water, inshore and
offshore shelf environments. The aperture of this receiver was limited for logistic reasons to 61cm.
However, constraining the cone diameter affects the low frequency response of the receiving system
resulting in the loss of signal bandwidth with penetration and resolution being affected. These attributes
of the original profiler have been enhanced by increasing cone size of the new Seistec 3 to 91cm.,
shortening the overall length of the catamaran, now fabricated from stainless steel, and the introduction
small boat bouys as flotation thereby reducing overall weight.

For positioning accuracy, the prototype Seistec 3
For positioning accuracy, the prototype Seistec 3
supports a Garmin N17 GPS antenna mounted close
supports a Garmin N17 GPS antenna mounted close to
to the common mid-point between the source and
the common mid-point between the source and receiver
receiver and an ISM band radio transmitter
and an ISM band radio transmitter operating at 2.4 GHz.
operating at 2.4 GHz. to transmit GPS position data to
to transmit GPS position data to the survey vessel. This
the survey vessel. This link has a range of up to 1.5
link has a range of up to 1.5 km. and can operate on
km. and can operate on internal batteries for up to 8
internal batteries for up to 8 hours. A survey quality
hours. A survey quality GPS transciever could be
GPS transciever could be fitted for greater positional
fitted for greater positional accuracy.
accuracy.
The earlier IKB range of Signal Processing and
The earlier IKB range of Signal Processing and
conditioning units can be used with the Seistec 3 as
conditioning units can be used with the Seistec 3 as the
the cableing is compatible but a third party power
cableing is compatible but a third party power supply is
supply is needed to energise the boomer source. The
needed to energise the boomer source. The Signal
Signal Conditioning units shown below with the
Conditioning units shown below with the radio link
radio link receiver, provides all anaolgue and digital
receiver, provides all anaolgue and digital signals
signals neccessay for recording SEGY data on third
neccessay for recording SEGY data on third party Data
party Data Aquisition systems.
Aquisition systems.

Seistec 3 catamaran shown above with a metre
rule in foreground

Frame Length 164 cm
Overall width 91 cm
Frame height 65 cm
Antenae height as shown 1.1m
Weight without cable 70 kg
Present Status –

July 2015
Fall 2015

Tow testing and tow noise trials
Full acoustic trials in protected waters

Peter Simpkin, Sempro Associates Limited: email: petergs@bellaliant.net
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Appendix B
Picking soft sediment horizons in the Seistec data
Vista 2013 2D Seismic Processing software was used for viewing and interpreting the Seistec
data. This software is able to display the reflected acoustic pulses produced by each “shot” along
a survey line in wiggle trace mode, which is advantageous for assessing the relative strengths and
polarities or bottom and sub-bottom reflections.

The shape of the broadband pulse, or wavelet, emitted by the Seistec’s boomer source, as
received by its internal hydrophone receiver is shown in Figure B-1. The pulse has dominant
frequency of approximately 4000 Hz, corresponding to a dominant wavelength of approximately
37.5 cm in water or soft sediment having a typical sound speed of 1500 m/s.

In areas overlying the old river channel, such as that shown in Figure B-2, the pre-inundation
surface is expected to be sandy and much denser than the overlying soft silty sediments
deposited following flooding of the headpond. Acoustic reflections from the silty bottom are
therefore expected to be much weaker than those from the sandy sub-bottom interface. This is
evident in Figure B-2 where water bottom reflection from the top of silty sediments is only about
35% as strong as the reflection from the sub-bottom interface interpreted to be the preinundation surface. This contrast in reflection strength was not as reliably observed in shallower
areas that were sub-aerial prior to flooding of the headpond – probably because those areas
would tend to have been covered by soils or other soft sediments. Thus, sediment thickness
estimates are expected to be most accurate in parts of the headpond underlain by the old river
channel.

When picking a bottom and sub-bottom horizon, the central peak of each respective wavelet was
selected, as shown in Figure B-2. Although the actual arrival time of the reflection corresponds to
the smaller leading side-lobe of the wavelet, the larger central lobe is much more pronounced in
the data and therefore easier to pick. This does not become an issue for determining sediment
thicknesses as the distance between the leading lobe of two reflections will be the same as the
distance between the two central lobes.

Note that horizons could only be clearly distinguished down to a minimum thickness of about 12
cm. Figure B-3 shows a synthetic data set constructed with the estimated Seistec wavelet. A
thinning sediment bed was modeled to determine the minimum resolvable thickness using a top
of sediment layer reflection at 35 percent strength of the sub-bottom interface. These are typical
values the Seistec data shows for relative reflection strengths throughout the surveyed area of
the headpond. As is seen in Figure B-3, once the bed thins to less than 11.5 cm the two separate
reflections are no longer distinguishable from each other.
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Appendix B: Figures

Figure B-1: The shape of the reflected pulse or wavelet from the Seistec system as measured by
the internal (line-in-cone) hydrophone channel (estimated by summing a distinct water bottom
reflection across 100 traces).

Figure B-2: Seistec profile with thin soft sediment. At the top left is a magnified portion showing
individual traces, and how the horizons were drawn across the peak of the reflected wavelets.
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Figure B-3: A tuning analysis of the Seistec data. The two separate reflections can only be clearly
distinguished down to a thickness of 11.5 cm.
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Appendix C:
Field test of ground penetrating radar in the gas-charged sediments,
Nackawic region
A small scale ground penetrating radar (GPR) survey was carried out August 10 -11, 2016, in the
Nackawic area. River bottom sediments in this area (e.g. Figure 10) contain gas which prevented
the Seistec from yielding any sediment thickness estimates in this region. The electromagnetic
pulse produced by the GPR was not expected to be hindered by the gas. Furthermore, the broad
shallow bank on the south side of the headpond immediately below Nackawic would allow GPR
to be tested in a wide range of water depths.

The survey was conducted using a PulseEkko Pro GPR system, manufactured by Sensors and
Software Inc., and adpated by UNB for deployment on water. As shown in Figure C-1, two 100
MHz antennas were towed in a custom-made catamaran float, 5 meters behind an 18 foot
aluminum jon boat. The GPR unit was operated in free-run mode while the boat moved at a speed
of ~2.5 knots (1.3 m/s). With trace stacking set to 16, record length set to 1700 ns with a sample
interval of 800 ps, free-run mode recorded 80 traces every 30 seconds, yielding an approximate
trace spacing of 50 cm.

Based on the few GPR lines collected thus far (see basemap in Figure C-2), the system was able to
penetrate up to 15 m of water using 100 MHz antennas. The depth of penetration (dependent
largely on water conductivity and GPR signal frequency) could be increased by switching to
lower frequency 50 MHz antennas, at the expense of reduced resolution. It appears that the first
layer of sediment resolvable below the water bottom is normally thinner than 30-60 cm,
although there are some spots it appears to be up to 50-100 cm thick (Figure C-3). These ranges
given for these thickness estimates take into account uncertainty in the electromagnetic (GPR)
wave speed used to calculate thicknesses. Assuming a speed of 0.033 m/ns (the wave speed in
water) gives the lower bound of the thickness estimates. The upper bound is calculated using a
wave speed two times higher, such as would be expected in water-saturated sands. . In some
areas, such as the right-hand side of the profile in Figure C-4, only a single reflection was
returned from the bottom and no sediment layer could be resolved. In other areas (see Figure C5), multiple subsurface layers could be identified, at least some of which were likely deposited
prior to flooding of the headpond.

It is important to note that the layers imaged in the sample GPR profiles above may not be postinundation sediments. Differentiating between pre- and post-inundation sediments is more
complicated with GPR than with the Seistec system. The acoustic Seistec system returns
reflections at boundaries defined largely by contrasting densities and/or rigidities, and it is a
good assumption the post-inundation sediment will be less dense and rigid than the underlying
pre-inundation sediments composing the old river bed and flood plains. In the case of GPR,
reflections are returned from boundaries defined by changes in dielectric constant, and it may or
may not be reliable to assume that there is a distinctive contrast in dielectric constant between
pre- and post-inundation sediments. For complete confidence in the GPR interpretations, core
samples from the survey area would be required for comparison. There have been cores collected
in the Nackawic region (Figure C-1); however they are all located in the deeper waters of the old
river channel where water depths are too great to image the bottom with the 100 MHz GPR
system deployed to date.
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Appendix C: Figures
Figure C-1: (Left) GPR survey set up. A 100 MHz antenna
sits in each pontoon of the catamaran under tow.

Figure C-2: (Below) Bathymetry map of the Nackawic area
showing approximate locations of GPR profiles (green
lines) acquired using 100 MHz antennas on August 10 - 11,
2016. Red dots indicate the locations of pre-existing cores.
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Figure C-3: Section of 100 MHz GPR Line 2 showing thin sediments imaged.

Figure C-4: Section of 100 MHz GPR Line 11 showing thin sediments imaged to the left of the
figure. Moving to the right there is a transition to a single reflection.

Figure C-5: Section of 100 MHz GPR Line 12 showing thicker sediment packages, likely including
pre-inundation layers, such as sands observed along the nearby shoreline. The GPR returns
labeled “multiples” are simply reverberations or echoes of the water bottom reflection within the
water column.
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