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Editor’s note: While not focused on deep
ocean mapping, the JOT production team was
impressed by the level of effort, innovation,
and curiosity put forth by these young
professionals. This project helps build on their
experiences and enables them to transfer skills
learned to the deep ocean environment.
Introduction
Lake Maps NL is a group of young
professionals who share a passion for
technology and exploration. The group has
taken a collective interest in Grand Lake: a
large lake on the island of Newfoundland with
a unique history and landscape. A dam was
built on this lake in the 1920s and the resulting
11 metre rise in water level drastically altered
the terrain both above and below the surface.
Lake Maps NL set out to create a map of this
lake in an attempt to discover the original
shoreline and unveil some of the history
preserved below the floodwaters.
Background
Grand Lake (Figure 1) is the largest body of
water on the island of Newfoundland, Canada.
Nestled along the Cabot Fault, it stretches
100 kilometres from southwest to northeast
dividing what were once the continents of
Avalonia and Laurentia. Its geography varies
widely; sandy lowlands in the north transition
into shoals which extend far into the lake.
Further south, fjord-like cliffs loom overhead
along the 600 metre high Glover Island. Due
to its abundance of natural resources, Grand
Lake has long been a point of economic
and geological interest, but has rarely been
considered for its history.
When construction of the Newfoundland
Railway began on the western portion of the
island in the 1890s, it followed the northern
shore of Grand Lake after passing through the
town of Howley on its way to Deer Lake further
west. It crossed the outflow of Grand Lake,
called Junction Brook, near its divergence from
the lake at a point some 250 metres wide. The
five-span bridge was one of the longest along
the newly constructed trans-island route.
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In 1925 the Main Dam on Grand Lake was
completed. It was designed to regulate the
lake’s outflow for a hydroelectric generating
station built at Deer Lake. The construction of
this dam increased the surface level of Grand
Lake from 76 metres above sea level to 87
metres, as it is today. The dam was constructed
three kilometres downstream of the lake on
Junction Brook. While the Main Dam was
being built, a cofferdam was erected to control
the water in Junction Brook for the period of
construction. This smaller, temporary dam was
located at the confluence of Grand Lake and
Junction Brook, just upstream of the railway
bridge (Figure 2).
After the Main Dam was completed, the lake
gradually rose to its current-day level. The
additional 11 metres of water flooded vast
amounts of bog and woodland in the flat,
northern end of the lake. The railway tracks
were redirected over the top of the Main Dam
while the old bridge and cofferdam were left to
be submerged and forgotten.
Rediscovery
In the spring of 2017, Lake Maps NL set out
to create a map of the pre-flood shoreline
of Grand Lake. Since the flood depth
was known to be 11 metres, this could be
achieved by surveying all areas with a depth
less than 11 metres. Throughout the summer,
the group spent several days on Grand Lake
mapping a portion of the shallow northern
region (Figure 3).
The survey equipment included a Garmin
echoMAP 42dv with a GT20-TM single
beam transducer and a Lowrance HDS Gen2
Touch with a LSS-2 StructureScan HD side
scan transducer. The GT20-TM operates at a
frequency of 200 kilohertz with a beam angle
of 15 degrees. The LSS-2 operates at 800
kilohertz with a swath width of 170 degrees
and an along-track angle of 3.2 degrees. The
instruments were mounted on the transom
of a five metre aluminum boat. Data was
collected in transects spaced at 100 metre
intervals to efficiently generate a rough map
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Figure 1: Grand Lake,
Newfoundland
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Figure 2: The cofferdam on
Junction Brook. Junction
Brook Bridge in background.
September 1923. Both the
cofferdam and bridge were
submerged in 1925.

Figure 3: Present-day
northwest corner of Grand
Lake showing the survey
area (white), the original
railway (red) and the
redirected railway (yellow).

Figure 4: Junction Brook
Bridge. Undated.
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Figure 5: Bathymetry of the cofferdam (centre) and Junction Brook Bridge with two piers visible (centre-left). Depths in metres.

with additional transects completed over areas
of interest such as anomalous features or high
topographical relief. The typical survey speed
was between five and eight kilometres per hour
as this was the boat’s most stable speed.
While surveying the area near Main Dam
Narrows, the group found distinct, regular
shapes in the water column of the single
beam data. At the time, the group knew only
of the old railway bridge and identified these
abnormalities as such. After processing the
data, the number of distinct objects in the
bathymetric map did not match the number of
piers shown in historical photographs of the
bridge (Figure 4).
Upon further research, photos of the
cofferdam (as shown in Figure 2) were
discovered, which cast doubt on the
identification of the bridge.
The group returned to the lake with a new
goal: to capture both the bridge and dam in
enough detail to positively identify each.
Localized high density transects were used
to distinguish the bridge from the dam. In the
subsequent bathymetric map produced (Figure
5), the cofferdam can be seen approximately
50 metres upstream of the bridge. Once the
location of each was established, side scan
was used to capture high-resolution imagery
of both structures.
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Figure 6 shows what remains of the bridge
beneath six to 13 metres of water.
While the wood and metal structure of the
bridge seem to have decayed, the granite
piers still stand. On both ends of the bridge,
a buildup of sediment and a retaining wall
appear where the ground was levelled for the
railway tracks leading onto the bridge, called
the approach.
Figure 7 shows the remains of the cofferdam; the
21 concrete piers seen in the original photos are
clearly distinguishable in the side scan imagery.
This also provided a high enough level
of detail that the stepped structure of the
cofferdam can be clearly seen Figure 8 and is
also visible in Figure 9.
Future Goals
At the end of summer 2017, the group had
mapped less than 2% of Grand Lake. At the
current rate, the original planned survey would
take many years to complete. This echoes the
challenges faced by humankind in mapping
the Earth’s oceans. In order to fulfil the goal of
mapping the pre-flood shoreline and eventually
the entirety of the lake, a more efficient
surveying method is required.
The industry standard equipment for
hydrographic surveying is multibeam sonar
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systems, which offer faster coverage and higher
resolution than single beam alternatives. The
single beam system the group currently uses
offers a 3.5 metre footprint at a depth of 11
metres. Since these systems only offer a single
data point per ping, the 3.5 metre footprint
is also the system’s resolution. By contrast a
typical multibeam system at 11 metre depth
offers a 60 metre-wide swath and a resolution
of 0.1 metres. For two vessels travelling at the
same speed, a multibeam equipped vessel will
cover a given area 17 times faster than a vessel
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Figure 6: Side scan image of
Junction Brook Bridge showing
four piers and the retaining
walls on each approach.

Figure 7: Side scan image of
cofferdam (side view) showing
21 piers.

Figure 8: Side scan image
of cofferdam (top view) with
stepped structure visible.

Figure 9: Cofferdam downstream
face showing stepped structure.
October 1923.

equipped only with a single beam sonar, while
also offering far better resolution. However,
these systems are prohibitively expensive for
non-commercial use. With multibeam systems
out of reach, the group was forced to seek
alternative solutions.
The group members do not have the available
time to perform a full single beam survey
themselves and instead are opting to leverage
their expertise in technology. Lake Maps NL
is actively developing a small, inexpensive
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Figure 10: Testing an early USV prototype in summer 2017.

unmanned surface vehicle (USV) system to do
the bulk of the survey work (Figure 10).
Unmanned surface vehicles have been
successfully employed as a “force multiplier”
for large-scale surveys. A single user can
control a small fleet of such survey craft,
increasing the coverage rate in proportion to
the USV fleet size. These vehicles have their
low-level functionality, such as rudders and
propellers, controlled by the vehicle itself
while the survey path is dictated by a human
user located either onshore or on board a
nearby manned vessel. They can follow a
provided path of waypoints and correct their
heading in the face of wind and waves but are
unable to chart their own course.
If several USVs were available, each hour the
group spends surveying would be amplified
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by the number of available survey craft,
reducing the time needed to map Grand Lake.
Unfortunately, this solution chafes against
the same monetary constraint as a multibeam
system. The group cannot afford to build the
number of survey craft they would need in
order to effectively reduce the total mapping
time.
Instead, the group’s single USV will be
designed for extended periods of autonomous
shallow water surveying. The vehicle will
implement autonomous navigation using GPS
and onboard sensors, allowing it to avoid
shorelines, hazards, and previously mapped
areas. The USV’s position, heading, and
other telemetry will be accessible for remote
monitoring so that the group can observe
progress and correct errors when necessary.
A single such autonomous system could be
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left unattended for days at a time to collect
bathymetric data, then later retrieved. Lake
Maps NL could continue its Grand Lake
mapping efforts while its members were
hundreds of kilometres away, working other
jobs and projects.
The group is self-funding the USV project
with a budget of CDN$3,000. It will carry a
single beam sonar unit and use off-the-shelf
hardware and sensors where possible. A first
prototype build is already underway (Figure
10). The group is aiming to test and begin
surveys using a second USV prototype in the
spring of 2018. u
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