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Wave measuring and modelling at Whapmagoostui/Kuujjuarapik and Quaqtaq  
from 2017 to 2020 

Urs Neumeier, ISMER, Université du Québec à Rimouski 

Summary 

A good knowledge of wave climate is needed to address coastal erosion problems and to 
design maritime infrastructures. However, few wave time-series exist for most of the Nunavik 
coasts. This project will measure waves, currents and ice thickness during three years off 
Kuujjuarapik/Whapmagoostui and Quaqtaq. For each village, a mooring will be installed on the 
sea bed at 30 m water depth from summer 2017 to summer 2020. These moorings are 
composed of an anti-trawl structure, an AWAC measuring waves, currents and ice-thickness, a 
tide gage, and an acoustic release for recovering the mooring. The moorings will be serviced 
every year. Deployment and recovery of the moorings will be conducted with local fishing boats 
and their crews: the Umiujaq fishing boat for the Kuujjuarapik/Whapmagoostui mooring and the 
Quaqtaq fishing boat for the Quaqtaq mooring.  
 
Smaller moorings with just a pressure sensor will be deployed once in 5-10 m water depth 
closer to the shoreline for 3 months (July-September) in 2017 or 2018. There will be two small 
moorings at Kuujjuarapik/Whapmagoostui and one small mooring at Quaqtaq. They will be 
deployed at the same time as the larger moorings with the fishing boat, and they will be 
recovered using a small boat rented locally.  
 
The project also includes numerical wave modelling to reproduce wave propagation in the 
coastal areas, to analyse wave energy reaching the different shoreline sections and to evaluate 
the impact of future climate changes on wave conditions. Accurate wave modelling requires 
detailed local bathymetry data, because bathymetry influences wave trajectory and energy 
dissipation.  
 
Therefore, new bathymetric data will also be collected near Kuujjuarapik/ Whapmagoostui and 
Quaqtaq in July-August 2017 by the Centre Interdisciplinaire de Développement en 
Cartographie des Océans (CIDCO) to support the wave modelling. The bathymetric surveys will 
be carried out with an autonomous singlebeam echosounder (Hydroball) towed by small boats 
that will be rented locally with their pilots. At Kuujjuarapik/Whapmagoostui, 80 km2 will be 
mapped with a survey line spacing between 25 m and 200 m; at Quaqtaq, 15 km2 with a line 
spacing between 25 m and 100 m. Both surveys together are expected to take 17 days.  
 
The project will be carried out by the Institut des sciences de la mer de Rimouski (ISMER, 
Université du Québec à Rimouski). It is funded by the Transport Ministry of Quebec (Ministère 
des Transports, de la Mobilité durable et de l'Électrification des tranports). 
  



 2 

Objectives 

The objectives of the project are to: 
 
1) Measure new wave data at Kuujjuarapik/Whapmagoostui and Quaqtaq during 3 years; these 

will be the first multiannual wave time series for these locations; 
 
2) Survey new bathymetric data at Kuujjuarapik/Whapmagoostui and Quaqtaq to improve the 

depth grid of numerical models; 
 
3) Implement a numerical wave model for Kuujjuarapik/Whapmagoostui and Quaqtaq, and use 

it to evaluate different scenarios (extreme storms, sea ice reduction, and sea level variation) 
in order to estimate the impact of future climate changes.  

 

Link with other project 

The present project is linked with following project from INRS-ETE (Institut National de 
Recherche Scientifique, Eau-Terre-Environnement): "Monitoring shorefast ice and wave 
conditions with cameras and satellite images at proximity of marine infrastructures in Nunavik 
within a context of climate changes: Kuujjuarapik, Umiujaq, Ivujivik, Deception Bay, Quaqtaq et 
Aupaluk (2017-2020)". Yves Gauthier will submit a research permit request for that  project. The 
projects will share data, but fieldwork will be done completely independently for the two projects. 
 

Long term AWAC moorings 

The main instrument to be deployed is the AWAC-AST 600 kHz (Nortek), which measures 
waves (height, period and direction), current profiles and sea-ice thickness. The AWAC will be 
deployed on the seabed mounted in an anti-trawl structure GP-TRBM (MSI), which contains 
also an acoustic release and a buoy for recovering the mooring and a TGR-2050 tide gage 
(RBR). Figure 1 shows a mooring ready to be deployed. The AWAC will be programmed to 
measure waves (or ice-thickness) each hour during 17 minutes and to measure current profiles 
every 20 minutes. It has enough batteries and memory to work autonomously during 12 months.  
 
The mooring weighs about 220 kg and measures 1.8 × 1.3 × 0.6 m (length × width × height). It 
will be deployed and recovered using local fishing boats (Tatsik from Umiujaq for the 
Kuujjuarapik/Whapmagoostui mooring, Annisak II from Quaqtaq for the Quaqtaq mooring). 
 
The mooring must rest on the seabed horizontally or with an angle of less than 20°. Areas with 
steep seabed slopes, boulders, or submarines dunes must be avoided. In addition, the mooring 
should be at 25 to 40 m water depth. The first field day in August 2018 will be used to make a 
preliminary survey to select the best location for the mooring. During this survey the depth will 
be measured with a single beam sounder. The bed morphology will be recorded with a side 
scan sonar (Edgetech 272-TD). The bed morphology will also be observed with an underwater 
camera (GoPro lowered with a weighted line). A Van Veen grab sampler will be used to check 
the sediment composition.  
 
For Kuujjuarapik/Whapmagoostui, two sectors are under consideration for the AWAC mooring 
that will be deployed at 25-40 m depth. The preferred sector is North or East of Gillies Island, 8 
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km offshore in front of the village (sector A, Figure 2, Table 1). The alternative sector is just in 
front of Bill of Portland Island, the last Manitounuk island (sector B, Figure 2, Table 1).  
 
For Quaqtaq, two sectors are under consideration for the AWAC mooring that will be deployed 
at 25-40 m depth. The preferred sector is 1 km South of Hearn Island, 3 km offshore off the 
village (sector A, Figure 3, Table 1). The alternative sector is near the shore, south of the village 
(sector B, Figure 3, Table 1). 
 
 
 

 
Figure 1. AWAC-AST 600 kHz on the anti-trawl mooring structure; the buoy used for recovering the 
mooring is visible on the right. 
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Figure 2. Marine chart of the Kuujjuarapik/Whapmagoostui region with the possible sectors for the AWAC 
mooring in red (depths are in fathoms (1.8 m) or in fathomsfeet).  
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Figure 3. Marine chart of the Quaqtaq region with depth contours at 25, 30 and 35 m, and the possible 
sectors for the AWAC mooring in green (other depths are in fathoms (1.8 m) or in fathomsfeet). 

 
Table 1. Coordinates of the sectors under consideration for the AWAC moorings. 

Sector Bounding polygon 

Kuujjuarapik/Whapmagoostui Sector A 55.3350° N / -77.8630° W 
 55.3430° N / -77.8178° W 
 55.3551° N / -77.8252° W 
 55.3462° N / -77.8679° W 
Kuujjuarapik/Whapmagoostui Sector B 55.3620° N / -77.7600° W 
 55.3743° N / -77.7343° W 
 55.3786° N / -77.7409° W 
 55.3659° N / -77.7662° W 
Quaqtaq Sector A 61.0540° N / -69.6924° W 
 61.0526° N / -69.6743° W 
 61.0598° N / -69.6730° W 
 61.0613° N / -69.6917° W 
Quaqtaq Sector B 61.0467° N / -69.6728° W 
 61.0284° N / -69.6971° W 
 61.0164° N / -69.7062° W 
 61.0124° N / -69.6933° W 
 61.0439° N / -69.6621° W 
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Short term pressure sensor moorings 

In 2018, small pressure sensor moorings will be installed to measure nearshore waves from 
August to October. These moorings have a pressure sensor TWR-20150 (RBR) mounted on a 
bottom plate, which is weighted with lead. The mooring size is 1.5 × 1.5 × 0.2 m. These 
moorings will be deployed in August 2018 with the fishing boat when the AWAC mooring is 
deployed. They will be recovered in October 2018 with a small motorboat rented locally.  
 
Two pressure sensor moorings will be installed for Kuujjuarapik/Whapmagoostui, one in front of 
the airport at 5 m water depth (approximately 55.2901° N / -77.7743° W), and another in 
Manitounuk Sound near the marine infrastructure at 5 m water depth (approximately 55.3862° N 
/ -77.6249° W). For Quaqtaq, one such mooring will be installed in Mission Cove at 5 m water 
depth, i.e. in front of the marine infrastructure (approximately 61.0483° N / -69.6434° W). The 
exact positions of these moorings will be determined from the new bathymetric data. 
 

Survey of new bathymetric data 

The bathymetric survey will be carried out with single beam sounders working at 675 kHz in 
accordance to the norm S-44 of the International Hydrographic Organization. The sounder is 
enclosed in a bathymetric buoy called HydroBall, which also contains GPS, batteries and 
logger. The HydroBall will be towed from a small motorboat, which will be rented locally with a 
pilot. Each survey consists of parallel lines; the spacing between the lines varies between 25 m 
and 200 m, depending on the data density required for the different sectors.  
 
Five sectors will be surveyed at Kuujjuarapik/Whapmagoostui: K1 and K2 in front of the 
beaches, K3 in Manitounuk Sound, K4 around the marine infrastructure and K5 on the shoal 
near Gillies Island (Figure 4). The estimated survey duration is 12 days with two boats working 
in parallel. 
 
Three sectors will be surveyed at Quaqtaq: Q1 in the bay of the maritime infrastructure, Q2 
south of Hearn Island, and Q3 in front of the coast south of the village (Figure 5). The estimated 
survey duration is 5 days with one boat. 
 
The bathymetric survey will be carried out between July and September 2017 by the 
Interdisciplinary Centre for the Development of Ocean Mapping (CIDCO). The project manager 
is Mathieu Rondeau (CIDCO, 310 allée des Ursulines, Rimouski QC  G5L 3A1, phone 418-725-
1732 ext. 1828, fax 418-724-1401, email mathieu.rondeau@cidco.ca). 
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Figure 4. Survey sectors for the bathymetric survey at Kuujjuarapik/Whapmagoostui. The line spacing is 
indicated for each sector. 
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Figure 5: Survey sectors for the bathymetric survey at Quaqtaq. The line spacing is indicated for each 
sector. 

Field work calendar 

Summer 2017: Initial survey (sounder, underwater camera, side scan sonar, grab sampler) 
and first deployment of the AWAC mooring at Kuujjuarapik/Whapmagoostui 
and Quaqtaq (2 days in each village). 

Summer 2017: Bathymetric survey by CIDCO at Kuujjuarapik/Whapmagoostui (12 days) and 
Quaqtaq (5 days). 

Summer 2018: Recovery, maintenance and re-deployment of the AWAC mooring; deployment 
of the small pressure recorder moorings (2 days in each village). 

Fall 2018: Recovery of the small pressure recorder moorings (1 day in each village). 

Summer 2019: Recovery, maintenance and re-deployment of the AWAC mooring (2 days in 
each village). 

Summer 2020: Final recovery of the AWAC mooring (1 day in each village). 
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Interactions between marine mammals and scientific instruments 

The auditory bandwidth of marine mammals is limited to high frequencies. For some mammals 
the upper limit is 160 kHz (for example beluga, killer whale and dolphin), for others the upper 
limit is lower, 75 kHz for seals and 22 kHz for bowhead whale (Southall et al., 2007; Erbe et al. 
2016).  
 
The AWAC-AST 600 kHz, which will measure waves and currents during 3 years, operates at 
600 kHz. This is much higher than the highest sound that marine mammals can hear (160 kHz).  
 
The sounder of the HydroBall, which will be used for 17 days for the bathymetric survey, 
operates at 675 kHz. Again this is much higher than what marine mammals can hear. As the 
AWAC and the HydroBall sounder emit outside of the hearing range of marine mammals, there 
will be no effect on these populations. 
 
The side scan sonar (Edgetech 272-TD), which will be used in 2018 during 1 hour for each 
village to visualize the seabed morphology, operates at 100 kHz or at 500 kHz. The range of the 
instrument is 200 m. At 100 kHz this instrument can be heard by beluga, killer whale or dolphin, 
but it generally arouses their curiosity rather than disturbing them. The short duration (1 hour) 
will also limit this impact.  
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