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EXECUTIVE SUMMARY 

 

The main objectives of this work are to (i) procure, calibrate and install an ice load 

monitoring system for the Nanisivik Naval facility and (ii) to validate the ice loads used in 

the design of the wharf. The facility is a refurbished wharf on the south shore of Strathcona 

Sound, near the entrance to the Northwest Passage. The purpose of this report is to provide 

an overview of the instrumentation system installed and a documentation of the measured 

results with some preliminary analysis. A future paper will analyse the results with a view 

to explaining the ice loading process at Nanisivik and making design load estimations. 

 

The National Research Council (NRC) procured two ice load panels and reviewed their 

calibration. With the help of Defense Construction Canada and their contractors, the NRC 

installed an ice load monitoring system at the Nanisivik Naval Facility in September 2017. 

The system comprises a camera to capture the ice conditions in Strathcona Sound, two ice 

load panels each 27 cm wide and one 2 m and the other 3 m in height, thermistors to monitor 

the temperatures of the air and both load panels, a pressure transducer to determine the tide 

level and a data acquisition system. The extreme range of the tide was 3 m and the bottom 

of the 3 m panel was about 1.5 m below extreme low tide. 

 

The system acquired data from the time of its installation in mid-September 2017 until NRC 

staff returned to examine the ice conditions near the wharf in early June 2018. They found 

that the level ice thickness was 1.6 ï 1.9 m thick while the ice bustle next to the cell was 3 

ï 5 m thick and extended approximately 8 m from the cell. 

 

Freeze up occurred in Strathcona Sound in mid-October, however no measureable loads 

were measured by the system until January. During the entire measurement period loads 

were only indicated on the panels for about 5% of the time. Each panel is divided into 50 cm 

zones along its height. The three lowest zones of the 3 m panel did not experience any large 

loading events and the lowest zone registered no measurable loading at all. This finding 

suggests that the ice strength at this depth was not sufficient to apply large loads on the 

structure. The top of the 2 m panel was positioned 1 m above the top of the 3 m panel. For 

an unknown reason the second highest zone of this panel did not register any ice loading. 

 

The greatest ice pressure observed on a single 27 cm x 50 cm zone occurred on the top zone 

of the 3 m panel on February 1st, 2018 and it was 1230 kPa. The maximum total recorded 

load from all zones of the two panels was also for the same February 1st event, 193 kN. It 

was observed that during large ice loading events the maximum load is generally the result 

of a single zone with much smaller contributions from other zones. The February 1st event 

was also used to calculate a maximum line load and global load on the structure. The 

maximum line load was 360 kN/m, extending that result over the width of the cell results in 

a preliminary estimate of a global load of 7.7 MN for each cell. The extrapolation of our 

measurements exceeds preliminary design loads for thermal loading but not for those from 

multi-year ice flows or bergy bits. The measurement system performed well and a 

comprehensive data set of ice pressure, tide and panel temperature was collected and 

provides a basis for developing an ice loading model to aid in estimating ice design loads. 
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Environmental Monitoring and  Ice Loads on the 
Nanisivik Wharf  

 

1. INTRODUCTION 

 

Ice loads along the Northwest Passage are of interest to those seeking to build offshore or 

coastal infrastructure in the area. With increased activity in the Northwest Passage 

combined with a changing climate there is more interest than ever in understanding the ice 

loading conditions in areas such as Nanisivik. While considerable work has been done in 

the past, those data sets are more than 30 years old and both the local climate and measuring 

equipment have changed. To capture the ice loading on the wharf, the National Research 

Council of Canada has installed ice load panels on the Nanisivik wharf, over a height of 

4 m. The results will be of interest not only for the long term maintenance of the Nanisivik 

Naval Facility but also for new coastal infrastructure such as the small craft harbours 

proposed for Pond Inlet and Clyde River, the new facility in Iqaluit, mining developments, 

and ships navigating the Northwest Passage. For these reasons the Department of National 

Defense and the National Research Council have agreed that the objectives of this work 

were to procure, calibrate and install an ice load monitoring system for the Nanisivik Naval 

facility and to validate the ice loads used in the design of the Nanisivik Naval Facility.  

 

The focus of this report is to examine ice forces experienced by the wharf. While not a 

subject for this report, analysis of the results and putting forward a model to explain the ice 

loading process at Nanisivik is planned. Such a model will aid in making ice load 

estimations required for design. 

 

1.1 Location  

The Nanisivik Naval Facility is located near the Eastern edge of the Northwest Passage at 

73.07ę N, 84.55ę W. The facility is located on the southern shore of Strathcona Sound 

(Figure 1-1), 36 km from the community of Arctic Bay and 30 km from the Arctic Bay 

Airport along the Arctic Bay to Nanisivik Highway. 

 

The original wharf in Nanisivik was completed by the Government of Canada in 1977 to 

support a lead and zinc mine (Girgrah and Shah, 1977). It is Canadaôs only deep water port 

facility along the Northwest Passage. The port will serve as a refueling and supply facility 

for Canadian Department of Defense Arctic Offshore Patrol vessels operating in the 

Canadian Arctic (Lackenbauer and Lajeunesse, 2016; Seavey et al. 2013). The wharf 

comprises three cells which form a vertical face along which ships can be moored 

(Figure 1-2). 

 



2 OCRE-TR-2018-028  
   

 

 

 

 

  

 

Figure 1-1: Nanisivik and Strathcona Sound. The location of the Nanisivik Naval 

Facility is identified by the red box. 

 

 

Figure 1-2: Nanisivik Naval Facility 
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1.2 Ice Loading in Nanisivik  

Based on previous field investigations at the Nanisivik wharf, the ice loads on the structure 

are a result of a complex ice feature which forms to the seaward side of the wharf. The 

feature is called an ice bustle and it changes throughout the winter. It is helpful to 

understand the nature of the ice bustle, as it can help to explain the ice loads observed. 

Observations made during the 1970s and 1980s have been described in Frederking and 

Sinha (1978) and Frederking and Sayed (1987). Figure 1-3, from Frederking and 

Sinha (1978), provides a representation of the evolution of the ice conditions adjacent to 

the wharf.  

 

The evolution of ice conditions can be summarized in the following stages:  

¶ Freeze-up: land fast ice cover forms across Strathcona sound, mid to late October. 

¶ Level ice grows in Strathcona Sound: an ice bustle adhering to the face of the wharf 

between the high and low tide levels builds up; the ice bustle typically projects out 

about 1 m; a short section of the level ice breaks off and forms a hinge to 

accommodate the vertical movement of the level ice with tide and restrained 

movement of the intermediate ice where it interacts with the ice bustle; this begins 

in November and extends to December, or later. While not indicated in Figure 1-3, 

the ice bustle extended around each cell and merged with the ice foot frozen to the 

shore. 

¶ At some point in time the ice bustle, which has continued to grow with the cold 

temperatures and the variation in the tides, breaks off the face of the wharf and the 

ice foot under its own weight. It is incorporated into the hinged section; the outer 

edge of this section moves vertically with the level ice due to tidal action while the 

edge adjacent to the wharf has its vertical movement restricted due to friction at the 

face of the wharf; this results in repeated flooding of the zone at high tide and an 

ice bustle, approximately rectangular in cross-section, becomes substantially 

thicker than the level ice; this stage lasts from January through May. 

¶ In June, with warming and melt-back, the ice bustle becomes free-floating  
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Figure 1-3: An evolution of ice conditions during the 1975-76 winter season 

(Frederking and Sinha, 1978)  

 

Site visits during the 2017-18 season only occurred before freeze up and towards the end 

of the period where the ice bustle is constrained between the hinge and wharf, (center image 

(b) of Figure 1-3) but it is expected that ice conditions would be generally evolve in a 

similar manner to those of earlier years. The ice panel temperature measurements, water 

pressure measurements indicating tide height, and the temperature inside the data logger 

enclosure will be examined to see if they support this assessment of a similar evolution of 

ice conditions. 

 

2. EQUIPMENT 

 

The Oceans, Coastal and River Engineering research centre of the National Research 

Council Canada has installed research equipment at two locations of the Nanisivik Naval 

Facility. Each location is a self-sustaining system with its own power source and data 

storage system. Each system is powered by a battery that is recharged by solar panels. The 

data are stored locally. There is no remote communication to the data acquisition systems.  
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2.1 Camera System  

A CC5MPX camera from Campbell Scientific, which is designed for harsh environments, 

was installed near the Permanent site office on top of the utility seacan (Figure 1-2 and 

Figure 2-1). The camera system includes the camera, a solar panel and a battery. The data 

can be retrieved from the camera by connecting an RS-232 cable to the 5 position adapter 

stored with the camera or by connecting an Ethernet cable to the camera itself. 

 

 

Figure 2-1: NRC Camera System 

 

During the 2017-18 winter season the camera was programed to record three (3) images a 

day at 10:00, 12:00, and 14:00 EST (All times in this report are EST). After the site visit 

in June 2018, the frequency of the images was increased to every 2 hours. One image from 

the camera can be seen in Figure 2-2. The image captures an early portion of the freeze up 

period in Strathcona Sound on October 11th 2017 at noon. Of the two light standards in the 

centre of the image (red arrow), one is located on Cell 3 while the second is on the road 

leading to the wharf. The light standard more to the left of the image (green arrow) is 

located on Cell 1. The camera is located approximately 400 m south of the panels at an 

elevation of approximately 27 m. 
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Figure 2-2: Image from the NRC Camera 

 

2.2 Ice Load Panels  

Two IDEAL Ice Load Panels were acquired from Weir-Jones and installed on Cell 3 of the 

Nanisivik Naval Facility. The panels were designed to fit flat on a single sheet pile of the 

cell. Each panel has an active area that is 27 cm wide and the upper panel located on sheet 

pile 48 has an active height of 2 m while the lower panel on sheet pile 47 has an active 

height of 3 m. The panels have been bolted down onto backing plates which were welded 

onto each sheet pile, see Figure 2-3. The piles are 0.5 m wide, but between the flat surface 

on them and the backing plate a width of only 27 cm was available as an active 

measurement surface. An epoxy was applied between the panel and backing plate to avoid 

water being trapped between the two. Trapped water could cause apparent ice loading of 

the panels during freeze thaw cycles. 
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Figure 2-3: IDEAL Ice Load Panels 

 

Each panel has a thermistor at the top of the load panel. The 3 m panel also has a pressure 

transducer at the bottom of the panel as shown in Figure 2-4. The two panels are both 

divided in 50 cm zones along the height. The inner and outer faces of the panel are 

separated by a number of rings, approximately 40 for each zone. For each zone four rings, 

as shown in Figure 2-4, are strain gauged and provide an output which is assumed to be 

proportional to the average ice pressure on the zone. There are a total of 10 zones on the 

two panels. The zones have been designated 2-1 to 2.4 for the 2 m panel and 3-1 to 3-6 for 

the 3 m panel. The two panels have been installed such that the bottom of the 2 m panel is 

located 0.5 m above the Low Astronomical Tide (LAT) and the bottom of the 3 m panel is 

located at 1.5 m below the LAT as shown in Figure 2-5. As a result of the installation the 

bottom two sections of the 2 m panel are at the same elevation as the top two sections of 

the 3 m panel as shown in Figure 2-4 and Figure 2-5. Zones 2-3 and 3-1 as well as Zones 

2-4 and 3-2 are at the same elevation and should experience similar loading. For reference 

the High Astronomical Tide (HAT) is located at an elevation of 2.98 m or 48 cm above the 

top of the 2 m panel. Figure 2-5 is the designed installation specifications. The elevations 

are all correct but the original plan illustrated in Figure 2-5 called for the panels to be 

installed on piles 19 and 20 of Cell 1. To align with the construction schedule on site the 

panels were installed to piles 47 and 48 of Cell 3. Consequently the pile numbers at the top 
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of Figure 2-5 are incorrect as are the locations for the fender connections and existing pile 

splices. 

 

 

Figure 2-4: Panel Construction 
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Figure 2-5: Installation depth of the Ice Load Panels. Image provided by the divers 

who installed the panels. 

 

The ice load panel system includes the two ice load panels, a solar panel, a battery and a 

data acquisition system. The data acquisition system comprises a multiplexer, a CR1000 

data logger and an SC115 which can be used like a USB drive to transfer the data to a 

computer. The locations of the equipment are shown in Figure 2-6. The equipment located 

with the data acquisition system is shown in Figure 2-7. From top to bottom the solar panel, 

the enclosure for the battery and the enclosure for the data acquisition system can be seen. 
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Figure 2-6: Location of the NRC equipment on Cell 3. Image provided by the divers 

who installed the panels. The image was modified by the authors to indicate the 

location of the equipment. 
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Figure 2-7: The NRC equipment on Cell 3 
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2.3 Data Logging System  

A data logging system including a CR1000 logger and an AM16/32B multiplexer was 

supplied by Campbell Scientific and used solar panels to supplement the battery power for 

running the system. The system was capable of supplying an excitation voltage to a number 

of sensors and to log up to 32 channels of data on the Multiplexer and 8 on the data logger. 

The multiplexer monitors the applied voltage and output voltage on each of the 10 panel 

zones as well as the voltage sent to the panels from the logger for a total of 21 channels. 

The data logger uses two channels to communicate with the multiplexer and three more to 

record the thermistor data on each panel, and the tide level from the pressure transducer on 

the 3 m panel. At current acquisition rates the logger, with the additional memory included 

with the system, allows multiple seasons of data to be recorded uninterrupted. The system 

also monitored the temperature within the logger enclosure, battery voltage powering the 

logger and excitation voltages supplied to the panel zones, thermistors and pressure 

transducer. 

 

To assess the performance of the solar assist to the battery, Figure 2-8 plots the battery 

voltage as, the temperature inside the data logger enclosure and the calculated daylight 

hours at the site. The calculation assumes a flat terrain which is not the case at the site. The 

elevation south of the site increases to 300 m in less than 2 km which will limit the direct 

sunlight. It can be seen that until about mid-October there was sufficient sunlight each day 

to recharge the battery to its peak capacity of 14.7 V. Minimum voltage was about 13 V. 

From mid-October until about mid- November there was some sunlight each day to at least 

partially recharge the battery. From this time onwards there was no noticable recharge of 

the battery and a steady decline of battery voltage to about 12 V until early February, 

however this was still sufficient capacity to maintian the logging function. For a few days 

around February 20th there must have been a period of bright conditions, as daily increases 

of battery voltage were noted. With the beginning of March daily recharge again reached 

the maximum of 14.7 V. The lengthening days of April and May resulted in an ever 

inceasing maximum daily voltage as the battery draw period decreased. The excitation 

voltages supplied to each load panel zone, shown in Figure 2-8, varied less than 0.1% over 

the range of temperature and battery voltages experience over the winter. The solar assist 

to the battery power resulted in a very reliable data logging system.  
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Figure 2-8: The power available to and supplied by the data logger along with the 

logger temperature over the 2017-18 winter season 

 

 

3. ICE CONDITIONS 

 

In June 2018 a team of NRC scientists visited the Nanisivik Naval Facility to characterize 

the ice conditions impacting the wharf, and to verify the functionality of the overall 

instrumentation package installed onsite.  

 

As the NRC team arrived on site relatively late in the season, the ice conditions observed 

were not peak thickness/strength, but had begun to decay as a result of the milder spring 

weather. Nevertheless, the primary objective of the site visit was to document as best as 

possible the thickness of the ice bustle near the wharf (shown in Figure 3-1), the thickness 

of the parent ice in Strathcona Sound, and the motions of the bustle through the tidal cycle. 

In addition to the quantitative measurements, some qualitative observations of value were 

also made, and are documented here. 

 

The ice on site during the field work was obviously in a state of decay; this was evident via 

multiple melt ponds observed on the surface of the ice across Strathcona Sound, a span of 



14 OCRE-TR-2018-028  
   

 

 

 

 

open water between the bustle and cell, and between 5 - 15 cm of saturated, wet slush/ice 

which was excavated from the bottom of each auger hole.  

 

Of particular interest was the layer of re-frozen ice completely around the circumference 

of the wharf cells (seen in Figure 3-1 and Figure 3-2). This phenomena was not observed 

or reported in earlier work at the site. The issue is of particular interest to the project, as the 

re-frozen layer maybe damping the applied force to the pressure panels.  

 

The field team also noted that Cell 3 of the wharf appeared to be damaged, as there was a 

visible bend in the surface of the steel sheet piles (seen below the Qualisys® camera in 

Figure 3-1). Conversations with the construction contractor on site indicated that this 

damage was sustained when the cellôs fill material had been removed during construction, 

and a piece of glacial ice had impacted the weakened structure. While not a significant 

issue, it may indicate that the installation location of the pressure panels may not be flat, 

and the wharf itself may not be round.  

 

 

Figure 3-1: Refrozen ice around circumference of steel sheet piles (indicated by red 

arrow). Damage at outermost region of e Cell 3 due to an iceberg impact prior to 

installation of the load panels. 
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Figure 3-2: Refrozen layer of hard ice on Cell 3 of the instrumented wharf, June 7th, 

2018.  

 

3.1 Ice Bustle  Adjacent to  the Load Panels  

Viewing the site, it was noted that a number of cracks were apparent in the ice bustle 

(pictured in Figure 3-3), radiating outwards from the wharf, to the contact point (hinge) 

with the level ice. One such crack was located close to the load panels. A second radial 

crack was also noted close to the most outward point of the cell (seen in the bottom right 

of Figure 3-4). The piece of ice between these two cracks was expected to be interacting 

with the load panel, and this was the focus of the thickness measurement work. Four 

radially extending lines of thickness measurements were taken. These four lines were 

marked with small visible flags shown in Figure 3-4. To put these cracks and subsequent 

ice thickness, level surveys and ice motions in a context with respect to the ice pressure 

panels, a schematic of the location is provided in Figure 3-5. 
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Figure 3-3: Ice bustle in contact with the instrumented Nanisivik Cell 3, June 5th, 

2018. 

 

 

Figure 3-4: Ice bustle showing bounding radial cracks and borehole locations (flags) 
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Figure 3-5: Schematic of the ice bustle observed near Cell 3. Dashed lines indicate 

cracks in the ice cover. Solid red lines indicate the locations of the elevation survey 

and ice thickness measurements, x and y axes for the elevation survey are included. 

 

Sea ice thickness near the Nanisivik wharf is complicated by the annual formation of a 

partially free floating ice bustle near the wharf. This formation is a result of the flooding 

and freezing of the ice near the wharf with the varying tides. In cold winter months, the 

bustle has been observed to tilt, hinging between one contact point on the cell, and another 

in contact with the floating fast ice in Strathcona Sound, with resultant flooding of the ice 

adjacent to the cell at high tides (see Figure 1-3).  

 

As referenced earlier in this report, previous studies of the nature of the ice loading on the 

Nanisivik wharf (Frederking, 1980; Frederking and Sayed, 1988), were used as a basis for 

defining the measurement locations. That work noted three main components which define 

the ice feature: the bustle, a hinge, and the parent level ice.  

 

The thickness was measured using an electric hand drill and several flights of stainless steel 

Kovacs ice augers, with a drilling bit on the lead flight. The ice was penetrated by adding 

consecutive auger flights until no resistance was encountered by the drill. Care was taken 

to ensure that the auger effort was not terminated at small voids in the ice bustle, which 
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also demonstrated periods of low resistance. The total thickness (draft + freeboard) was 

measured via a weighted tape, designed to catch on the edges of the auger hole, under the 

ice.  

 

Four radial lines of auger measurements were recorded. The lines were labeled óAô through 

óDô, with line óAô located in the top of Figure 3-4 and one flag from line óDô is visible in 

bottom right of the image. Line óBô was extended out into the level ice to obtain level ice 

sheet thickness values, as well as the thickness at the hinge. Each individual measurement 

was also denoted a number, with ó1ô being closest to the cell, increasing radially outwards.  

 

Following the thickness measurement for each borehole, an elevation survey of all borehole 

locations was completed using a standard optical level. This intent of the work was twofold: 

¶ Obtain concurrent ice surface elevation and ice thickness information; 

¶ Obtain a measurement which could be used to validate tidal predictions.  

The optical level was placed on the flat concrete pad of Cell 3. Three measurements of 

elevation were taken around the circumference of the pad, and the average elevation of 

those three measurements was taken as a datum. The elevation of each borehole location 

was the measured and recorded along with the time of measurement (EST). Elevation 

values are given as the distance from the concrete pad on the cell (upwards positive). The 

distance values were measured from the closest position to the sheet pile at the edge of the 

cell. These values, along with the thickness measurements, are given in Table 3-1. A cross-

section the ice bustle along line B is shown in Figure 3-6. 
 

Table 3-1: Thickness and Elevation Survey of Ice Bustle 

# 
Distance to Cell 

(m) 
Thickness 

(m) 
Elevation 

(m) Elevation Time (EST) 

A2 3.30 5.54 -2.03 10:43 AM 

A3 5.30 4.45 -2.26 10:43 AM 

B1 1.35* 2.27 -1.84 10:40 AM 

B2 3.00 4.45 -2.16 10:40 AM 

B3 5.30 4.57 -2.28 10:40 AM 

B4 7.30 4.41 -2.48 10:40 AM 

B5 9.25 1.63 -2.28 10:40 AM 

B6 11.30 0.91 -2.43 10:40 AM 

B7 13.30 1.35 -2.79 10:40 AM 

B8 15.27 1.26 -2.76 10:40 AM 

B9 17.20 1.91 -2.81 10:40 AM 

B10 19.00 1.67 -2.86 10:40 AM 

C1 1.40 3.20 -1.79 10:35 AM 

C2 3.40 5.09 -2.05 10:35 AM 

C3 5.40 3.26 -2.38 10:35 AM 

D1 1.40 3.13 -1.82 10:35 AM 

D2 3.25 3.44 -2.03 10:35 AM 

D3 4.40 3.63 -2.14 10:35 AM 

*Depth to probable void. Full depth approximately 5 m. 
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Figure 3-6: Profile of the ice bustle and level ice adjacent to Cell 3. 

 

Note that measurement # B1 required 6 flights of augers to fully penetrate the bustle, 

however the measuring tape seemed to become stuck in the hole, and thus could not reach 

the same depth. The measurement provided likely refers to the depth of a void in the ice, 

and should not be taken as a true measurement. The actual thickness for this borehole is 

expected to be on the order of ~ 5 m based on the number of auger flights used to penetrate 

the total ice thickness.  

 

Measurements B7 through B10 are located in the parent level ice, with a total thickness of 

about 1.6 - 1.9 m. Measurement B6 corresponds to the thickness at the hinge, and was the 

thinnest measurement recorded, as expected. 

 

Additional sample holes were drilled at the Cell 2 ice bustle, to establish if there was a 

marked departure from the thicknesses of the bustle at Cell 3. While the elevation/position 

of the measurements was not recorded, the thicknesses from the center bustle were between 

3 and 5 m, similar to the values presented in Table 3-1 for Cell 3. Due to construction work 

on the western cell, the third bustle was not measured, but based on earlier studies it is 

expected to have similar thickness to the bustle on the other two cells.  
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3.2 Ice Motions  

The movement of the ice surface with the tides was tracked by using a Qualisys® motion 

capture system throughout a full tidal cycle. The initial intent of the work was to 

simultaneously capture motion and panel pressures during a tidal cycle to observe the 

dependency on bustle tilt and planar motions on panel pressures. However the work was 

completed too late in the season to observe good contact between the ice bustle and the 

panels, as much of the ice near the wharf had melted. Ideally this field work would take 

place near periods of peak loading; between early January, and the end of February. 

However during this time the site is generally closed and inaccessible by road.  

 

Several attempts were made to track movements of the ice bustle over the field trip, with 

the last attempt being the most successful. From the 4 tracked markers that recorded during 

the successful acquisition, 3 markers contained sufficient quality to approximate the 

motions of the body. From those 3 markers, only ~ 75% of the sample period was useful. 

This data contains approximately 1.5 full tidal periods (~ 20 hours of useful data).  

 

Figure 3-7 shows a clear relationship of the vertical motion to tide, as expected, and small 

planar offsets were also observed. The X and Y axes are close to parallel and perpendicular 

to the radial direction extending from the wharf (Figure 3-5). In addition small planar 

offsets (maximum of about 40 mm) were observed during the tracking period. The motion 

data indicates that the ice bustle has small planar motions weakly associated with changing 

tide.  

 

In terms of rotation, some small angles of rotation were observed about all three major 

axes, shown in Figure 3-8. These angles are somewhat related to the tide, however it is not 

clear what portion of the rotation is due to other issues with the motion capture set up, such 

as movement of the markers by wind, change in elevation/angle of rotation due to ice melt 

under the calibration frame footings or errors in tracking due to reflections of the sun on 

nearby ice. Rotation about the vertical (Z) axis was not anticipated, and is likely due to 

movement of the markers relative to the ice during the acquisition period. The non-smooth 

curve is evidence that short duration motions were occurring during the acquisition period. 
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Figure 3-7: Planar and vertical motions of the ice bustle recorded by Qualisys® 

 

 

Figure 3-8: Rotation angle of the ice bustle about Qualisys® defined axes (x,y,z). 
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Displaying the rotation using an axis-angle representation (see Figure 3-9) suggests that 

the net rotation of the ice bustle was about 4 degrees over the 20-hour measurement period, 

which is consistent with the rotations observed about the Qualisys® defined Y axis. The 

work completed by Frederking (1980) discussed the rotation of the ice bustle. A 6 degree 

tilt change was measured between high and low tide, 1.7 m at that time.  The lower angles 

observed during the June field work are likely due to melting of the ice, leading to less 

confinement of the bustle by the wharf and the level ice sheet. As the melt continues, the 

bustle will eventually float freely as shown in the lower image of Figure 1-3. 

 

 

Figure 3-9: Total angle of ice bustle rotation (axis-angle representation) 

 

3.3 Historical Ice Conditions  

In an effort to better understand the severity of the ice conditions observed in Nanisivik 

over the 2017-18 ice season, temperatures from Nanisivik were compared to data from 

Arctic Bay, a community 20 km to the West. The mean daily air temperatures from the 

Arctic Bay CS weather station (WMO ID: 71592) from NCDC (2018) have been compared 

to the temperatures recorded within our data logger enclosure at the Nanisivik Naval 

Facility in Figure 3-10. As seen in Figure 3-10, the temperatures from the two locations are 

very similar, therefore the climate data from Arctic Bay appears to be an appropriate 

indication of the climate conditions at the Nanisivik Naval Facility where our 

measurements are made. 



 OCRE-TR-2018-028 23 

   
 

 

 

Figure 3-10: Temperatures recorded at Nanisivik and Arctic Bay during the 2017 ï 

18 winter 

 

Continuous climate data for the winter season from Arctic Bay CS weather station (WMO 

ID: 71592) from NCDC (2018) is available for the past seven (7) winters. We have used 

the data to calculate the freezing degree days (FDDs) for each season in Figure 3-11. FDD 

is the sum of the difference between the mean daily air temperature and the freezing point 

of sea water (taken as -1.8 °C) for each day during the winter. This number increases until 

above freezing temperatures return in the spring. According to Figure 3-11 the 2017 ï 2018 

winter season was the third coldest of the past seven years which could be considered in 

the norm for the period so we can expect the ice conditions would be normal. Ice thickness 

can be estimated from the severity the winter, as quantified by the accumulated freezing-

degree-days (FDD). Michel (1971) has proposed an empirical expression of the form, 

 

h = 0.035Ŭ (FDD)1/2  

 

where h is the ice thickness in meters, FDD has units (°C  ̓͂days) and Ŭ is a regional 

coefficient taking into account local conditions such as the amount of snow cover. For the 

2017-18 winter season the maximum value of FDD was about 4800 °C-days, which, with 

a regional coefficient of 0.7 (Frederking et al., 2011), yields a maximum ice thickness of 

1.7 m. This falls within the range of ice thicknesses measured in the parent level ice 

adjacent to Cell 3 which can be found in Table 3-1. 
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Figure 3-11: Freezing degree days calculated using the Arctic Bay climate data for 

seven winters 

 

In an effort to observe the longer term trends in the area, the freezing degree days shown 

in Figure 3-11 are compared to the climate data from Pond Inlet (WMO ID: 71095) using 

the NCDC (2018) data set in Figure 3-12. Pond Inlet is another community in northern 

Baffin Island which is located 218 km to the East of Nanisivik. Figure 3-12 shows that the 

overall freezing conditions are similar in Pond Inlet and Arctic Bay, with Pond Inlet being 

colder. Over the seven years compared from 2012 to 2018, Pond Inlet has an average of 

4830 freezing degree days per year or 120 more than Arctic Bay. In both locations the year 

to year variations are similar and the coldest winter and the warmest winter were recorded 

in 2015 and 2017 respectively for both locations. 

 

Finally, in Figure 3-13, forty seasons of freezing degree days and calculated ice thicknesses 

in Pond Inlet are displayed to illustrate that while the 2018 winter in northern Baffin Island 

is typical of the past 10 years there has been a general warming over time. On average the 

area has lost approximately 760 freezing degree days, or about 0.14 m of annual level ice 

growth, from the winter season over that 40 year range. This data can also help provide 

context for the previous studies performed in Nanisivik in the 70s and 80s (Frederking and 

Sinha (1978), Frederking (1980), Frederking and Nakawo (1984), Frederking, and Sayed 

(1987), Frederking and Sayed (1988)). 
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Figure 3-12: Freezing degree days comparing the Arctic Bay and Pond Inlet climate 

data for eight winters 
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Figure 3-13: Forty winters of freezing degree days and calculated ice thicknesses at 

Arctic Bay and Pond Inlet  

 

3.4 Ice Load Panel Temperatures  

As mentioned in section 2.2, both of the ice load panels have a thermistor at the top of each 

structure. In section 3.3 it was shown that the temperatures recorded in the data logger 

enclosure were reflective of the air temperature at the wharf. These three temperatures are 

all displayed in Figure 3-14 for the full 2017-18 winter season. The data logger 

temperatures follow the seasonal cooling and warming. The 2 m panel temperatures 

generally follow the logger temperatures but are moderated by the fact the panel is 

occasionally submerged by high tides. The 3 m panel is regularly submerged and as such 

does not deviate too far below - 2 ↔ C, though there are spikes with lower temperatures when 

the tides are lower and the panel is exposed to the air.  

 

During periods of high tidal range, both panels will spend a portion of the time both wet 

and dry as shown in more detail in Figure 3-15. As discussed in Appendix C ï Tides, the 

ice load panel temperature data were used to help verify the calibration of the pressure 

transducer and the tide level data. When the top of the panels are submerged, the 

temperatures are warmer and reflect the temperature of the water. When the tides are lower 

and the top of the panels are exposed to the air, the temperatures are colder and they 

fluctuate more with the air temperature. This is illustrated where the 3 m panel, which is 
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positioned lower than the 2 m panel, is exposed for a longer period of a warm temperature 

due to immersion in sea water.  

 

 

Figure 3-14: Data logger and ice load panel temperatures at the Nanisivik Naval 

Facility during the 2017-18 winter season.  
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Figure 3-15: Water Level Data and ice load panel temperatures from the Nanisivik 

Naval Facility during high ti de intervals 

 

Examining Figure 3-14 we note that there is something different occurring with the ice load 

panel temperatures from mid-November to early January. For this reason we have 

expanded this portion of the data in Figure 3-16. In early November and early January the 

characteristic wetting seen in Figure 3-15 can still be observed however in mid-November 

the effect of wetting on the temperature data disappears from the 2 m panel and is heavily 

moderated from the 3 m panel. To our knowledge this behaviour has not been observed 

before. It appears that as the ice bustle forms over the load panels it is creating a thermal 

buffer insulating the thermistors from the warmer water. The bustle appears to be fully set 

in by the last week of November. From that point on the temperature recorded by the 2 m 

panel continues to decrease almost continually. This anomalous behaviour comes to a 

sudden end on January 1st at 5:20 as shown in Figure 3-17. At this time the temperature of 

each panel drops dramatically and simultaneously by 8 ï 9 ↔ C in 15 minutes. The 

temperature continues to drop but at a much more normal rate until the wetting cycle, which 

was not observed between November and this point in time, resumes. The data logger 

temperature is unaffected by this event however, at 5:20 an anomaly was also noted in the 

ice load panel pressure data. Every panel zone except 3-6 noted a sharp jump in the single 

time step between 5:20 and 5:25. Zones 3-4 and 3-5 were not as sharp as the other zones 

which suggests the event was not as important at low depths. The January 1st event is 
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something truly original in the dataset. Nothing anyway similar was noted elsewhere during 

the season. 

 

 

Figure 3-16: Data logger and ice load panel temperatures from the Nanisivik Naval 

Facility during the ice bustle formation 

 

We hypothesize that on January 1st at 5:20 the ice bustle became sufficiently large that it 

dislodged from the cell under its own weight. This explanation appears to fit all of the 

available data and the description found in section 1.2. Previous observations of the bustle 

were at discrete times so the end result was known, but not the complete process. From 

previous yearsô observations it was not clear if the bustle fell off abruptly or gradually over 

several tide cycles. After reviewing this data we can conclude that in this instance the ice 

bustle formed in the early part of winter 2017-18 fell off abruptly. 
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Figure 3-17: Tide level as well as data logger and ice load panel temperatures from 

the Nanisivik Naval Facility during the separation of the ice bustle from the cell. 

 

4. RECORDED ICE PRESSURES 

4.1 Ice Load Panel Zone  Pressure s 

The raw data of panel zone pressure recorded by the data logger was converted to 

engineering units and zeroed using tide and panel depth information. The process to obtain 

zeroed pressures is presented in Appendix A ï Zeroing of Ice Loads. A time series record 

of the panel zone ice pressures and the tide level for the whole measurement season from 

September 2017 through to June 2018 is presented in Figure 4-1. It is not until January that 

any loading events occur. As discussed in section 1.2, the ice bustle and the relatively thin 

ice cover ensure that no appreciable ice pressure had been generated up until this time. The 

most active loading period is from mid-January to the end of March. Expanded time series 

records of the panel zone ice pressures and the tide level have been plotted on a monthly 

basis and presented in Appendix B ï Ice Load Panel Data.  

 

Ice loading is responsible for all large loading events observed on the panels. The tide level 

is included because, as discussed in section 1.2, the tides are the primary driving force 

generating a mechanism that pushes the ice against the wharf. For more information on the 

tide measurements used in this report see Appendix C ï Tides.  
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Figure 4-1: Record of panel zone ice pressures and tide level at Nanisivik for 

2017-18. 

 

To take a first look at the panel zone pressures, probability distributions of all panel zones 

for the whole winter season were examined. All together there were 74692 5-minute 

measurements for each zone, from September 14, 2017 at 15:35 when the system was 

activated until June 5, 2018 0:00 when the last data were recorded. Plots of the probability 

distributions of the most actively loaded panels are presented in Figure 4-2. The first thing 

that is clear is that active ice loading occurs less than 5% of the time during the recording 

period. Zones 2-1, 2-3, 2-4 and 3-2 have normal tails on their distributions. Zone 2-2 does 

not seem to be responsive. Zones 3-1 and 3-3 will be discussed below. There were some 

low level ice loads on Zone 3-4 and 3-5, but none on 3-6. On these three panel zones, the 

observed pressures decreased from top to bottom. This suggests that at those depths the ice 

is too weak to make an appreciable contribution to the ice load on the wharf. 

 

The events in the tails of the distributions were examined to determine whether they 

represented loading events lasting several tens of minutes or were random spikes. Zone 3-1 

experienced substantial ice pressures, but has a weak tail; there are only about 

30 measurements or 2.5 hours with zone pressures greater than 200 kPa or 50 instances for 

pressures greater than 100 kPa. Zone 3-3 also experienced substantial pressure, but the tail 

is weak, about 30 measurements of pressures greater than 200 kPa. In Figure 4-3 we can 

see that those 2.5 hours of pressures greater than 200 kPa measured on panel Zone 3-1 all 
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occur in two events, both on February 1, 2018. Thus the tail of the distribution of Zone 3-1 

is a one-time event. 

 

Given that the Zone 3-1 maximum ice pressure of 1230 kPa stands out from the other 

maximum pressures recorded during the 2017-18 winter season, it will be reviewed further 

to put this value in context. Results from two earlier measurement programs at Nanisivik 

are examined. A maximum ice pressure of 425 kPa was reported by Frederking and Sayed 

(1988) who measured ice pressure in the level ice about 50 m from the cell face using a 

1 m x 1 m panel. The maximum value was recorded in mid-winter, on February 18th, 1986. 

According to Figure 3-13 the winter of 1986 would have been similar in severity to 

2017-18. An earlier project (Frederking and Sinha 1978) estimated maximum pressures of 

500 kPa or greater from permanent deformation of their measurement panel in 1976. The 

direct ice measurements in 2018 and 1986 are relatively comparable, taking into account 

the respective measurement areas of 0.135 m2 and 1 m2. The scale effect of increasing local 

ice pressure with decreasing area (Masterson and Frederking, 1993) infers that decreasing 

the local measurement area by an order of magnitude resulted in about a 3 fold increase in 

local ice pressure, similar to the 1986 ï 2018 comparison. 

 

 

Figure 4-2: Probability distributions for the seven most actively load zones, 

Nanisivik 2017-18. 

 

Ice load panel zone 2-2 appears to have only about 3 or 4 points in the tail. These points 

correspond to 2 small peaks each lasting about 15 - 20 min on January 3rd around 18:00. 
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These are the only events on zone 2-2 for the whole season. It is unknown why no other 

loading was recorded on this zone when there is considerable loading on the zones above 

and below the zone in question. Zone 2-2 will continue to be monitored however given the 

2017-18 data it is not expected to respond to loading in the future. 

 

The maximum ice loading events on all zones are shown in Table 4-1. Zones 2-2, 3-4, 3-5, 

and 3-6 have relatively low maximum ice pressures. Loads on the lower half of the 3 m 

panel are seen to decrease with depth. Because we know ice is colder and harder near the 

surface and given the observed measurements from these three zones we can conclude that 

the ice at this depth was not cold enough to have sufficient strength to apply large loads to 

the wharf. It should be noted that as shown in Figure 2-4 there are four specific locations 

in each zone which are instrumented and generate a signal that is averaged to give the zone 

pressure. The baseline signal was zeroed at the beginning of the season as discussed in 

Appendix A ï Zeroing of Ice Loads. This baseline drifted over the course of the season. 

Examining Figure 4-1 we can see that the signal drift over the course of the season was 

very minimal, especially given the long period of time and the harsh conditions in which 

the system was left unattended. The times series for the ten maximum loading events 

described in Table 4-1 can all be found in Appendix B.2 Maximum Load Recorded on 

Each of the 10 Ice Load Panel Zones. 

 

 

Figure 4-3: The largest ice loading event recorded on a single zone (3-1) during the 

2017-18 winter season. 
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Table 4-1: Peak loading recorded for each zone of the two ice load panels installed at 

the Nanisivik Naval Facility 

Panel 

Zone 

Max Date and 

Time 

Maximum 

Pressure (kPa) 

2-1 2018-Feb-12 10:10 933 

2-2 2018-Jan-03 18:20 104 

2-3 2018-Mar-14 22:55 607 

2-4 2018-Feb-11 7:20 807 

3-1 2018-Feb-01 8:05 1230 

3-2 2018-Mar-03 23:10 777 

3-3 2018-Mar-03 22:30 814 

3-4 2018-Jan-11 1:15 141 

3-5 2018-Apr-19 19:30 129 

3-6 2018-Mar-06 19:25 56 

 

In Table 4-2 we examine the ten largest ice loading events recorded on individual zones 

during the 2017-18 winter season. The maximum pressures on a single zone are noted along 

with the other zones affected during the ice loading event. 

 

Table 4-2: Ten highest loading ice events recorded at the Nanisivik Naval Facility 

during the 2017-18 winter season 

Ice 

Events 

Date and Time of 

Peak 

Maximum 

Pressure on a 

Single Zone (kPa) 

Primary 

Zone 

Loaded 

Other Zones 

Loaded 

1 2018-Feb-01 8:05 1230 3-1 - 

2 2018-Feb-12 10:10 933 2-1 3-2, 2-4, 2-3 

3 2018-Mar-03 22:30 814 3-3 3-2, 2-4, 3-1 

4 2018-Feb-11 7:20 807 2-4 2-1, 3-2, 2-3 

5 2018-Mar-10 17:40 696 2-4 3-2 

6 2018-Feb-10 5:20 686 2-4 2-1, 2-3 

7 2018-Feb-9 17:25 659 2-4 - 

8 2018-Mar-14 22:55 607 2-3 - 

9 2018-Mar-15 8:30 607 3-2 2-4 

10 2018-Mar-10 3:30 595 2-4 2-3, 3-2 

 

For a zone to be considered loaded during an event in the final column of Table 4-2, the 

zone in question must have a peak corresponding to the event with a magnitude of at least 

10% of the magnitude of the zone with the highest recorded load during the event. A bold 

font and underline for the panel zone indicates that the event is the largest loading event 

for that panel zone for the entire season. The first loading event from Table 4-2 was shown 

in Figure 4-3, where the loading was observed almost exclusively on zone 3-1. In 

Figure 4-4 we look at the time series for the second and fourth largest loading events on a 

single zone. The two loading events are also the highest recorded loads on each of the two 
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panel zones, 2-1 and 2-4. Zone 3-2 is also very active during the two events. It is a pair of 

interesting events because zones 2-4 and 3-2 are set to the same elevation so we would 

expect them to record similar values and be synchronized. However, they are not and this 

type of behaviour is normal for the data that we have examined. The most obvious 

explanation for this is that the contact geometry between the panels and the ice bustle is 

inconsistent. This can apply force in a non-uniform manner around the cellôs 

circumference. In the first event zone 3-2 was loaded first while in the second it was 2-4 

first. In both cases the delay was from 30 to 60 minutes. 

 

The final event discussed in this section is the third largest loading event on a single panel 

zone. The event is the largest loading event on both panel Zones 3-3 and 3-2, and there are 

much smaller contributions from Zones 2-4 and 3-1. The loading occurred as the tide level 

was raising. This is seen as zone 3-3 is loaded first and the time between the peak on 3-3 

and 3-2 corresponds closely with the time for the tide to rise 0.5 m. Further, zones 3-2 and 

2-4, which are installed at the same level, are loaded simultaneously for this event. All of 

the ten largest loading events from Table 4-2 are shown in Appendix B.3 The Ten 

Largest Ice Loading Events on a Single Zone. 

 

 

Figure 4-4: The second and fourth largest ice loading events recorded on a single 

zone (2-1 and 2-4) during the 2017-18 winter season. 
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Figure 4-5: The third largest ice loading event recorded on a single zone (3-3) during 

the 2017-18 winter season. 

 

4.2 Global Loads Estimate  

The instrumentation that the NRC had installed on the face of the cell measures ice 

pressures over relatively small areas in comparison to the total area of the face of the cell 

exposed to ice loading. The total sensing area of each panel is small, 0.27 m wide by the 

panel length. The challenge is to extrapolate these local measurements to the larger area of 

a cell. The individual panel zone measurements have shown that actual loading events are 

relatively rare, representing less than 5% of the time from September 14, 2017 at 15:35 

when the system was activated until June 5, 2018 0:00. Furthermore, the loading events 

tend to be concentrated on one or two of the panel zones and the duration is generally short, 

1 to 3 hours. 

 

To make an initial estimate of the global ice loading on a cell a comparison of the total ice 

load on each panel and the total ice load on both will be considered. The first step was to 

calculate the load on each zone by multiplying the measured pressure by the surface area 

of each zone (27 cm x 50 cm). This calculation is completed for each individual time. The 

next step is to sum the ice loads from each panel zone to get a total panel load. Time series 

plots of each panel load, the total load from both panels and the tide level on a month-by-

month basis are plotted in Appendix D ï Total Measured Ice Loads. Loading events having 
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a maximum total load 75 kN or greater were separated out and the six largest total loads 

are listed in Table 4-3. The maximum total load was 193 kN. The maximum load on each 

of the 2 m and 3 m panels was 145 and 175 kN, respectively. From our own observations 

here and in other studies, it is known that there is a size or loading width effect. The load 

per unit width decreases as the loaded width increases. The total load and panel loads were 

converted to line loads by dividing the total load by 0.54 m and the panel loads by 0.27 m. 

The six largest total line loads ranged from 360 kN/m to 260 kN/m. The panel line loads 

had maximum values of 540 kN/m and 650 kN/m on the 2 m and 3 m panels, respectively. 

For the total line load on a width of 0.54 m the maximum line load, 360 kN/m, was 

considerably lower than either of the maximum individual panel line loads. This illustrates 

the reduction in line load as the loaded width increases. Frederking and Sayed (1988) 

reported an average line load of 175 kN/m from four 1 m x 1 m panels dispersed at 50 m 

widths in the level ice near the wharf.  

 

For extrapolation to the width of a cell or the wharf as a whole, the effective line load would 

be smaller. The six largest total loading events from Table 4-3 suggest that generally the 

loads observed occur for one zone at a time and there is not a large additive effect from 

multiple panel zones. The six largest total loads from Table 4-3 correspond to loading 

events 1-3, 5, 4 and 9 from the largest loading events on single zones shown in Table 4-2. 

 

Table 4-3: Total and Panel Loads for the Six Highest Global Load Events 

Date_Time TOTAL (kN) TOTAL LINE 
LOAD (kN/m) 

2 m PANEL 
(kN) 

3 m PANEL 
(kN) 

2/1/2018 8:05 193 358 19 174 

2/12/2018 10:10 166 308 145 21 

3/3/2018 23:10 164 304 45 119 

3/10/2018 17:40 158 293 101 57 

2/11/2018 9:00 152 281 130 22 

3/15/2018 9:00 140 259 91 49 
 

Using the global line load of 360 kN/m and a 21 m effective width of a cell (Girgrah and 

Shah (1977), a maximum force of 7.7 MN is estimated. This is very much a coarse 

estimate and further analysis could lead to a reduction in this value, due to the small area 

over which pressures are measured compared to the total size of the structure.  

 

4.3 Preliminary Design Loads  

It appears that there were no design ice loads for the structure when it was originally 

constructed in the 1970ôs. The closest work that we have been able to locate related to 

design criteria was a draft report, or internal memorandum, that was completed by Sun 

(2011). In that work a number of potential scenarios were examined to assess the risk to 

the structure due to ice loading. These scenarios include, dynamic impacts with first-year 

and multi -year ice as well as bergy bits in the summer season, a vessel maneuvering against 

the dock while the ice bustle is in place and thermal ice loads.  
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The scenario for a wind driven first-year ice floe in the summer considers a 1 m thick x 

1000 m diameter floe with a crushing strength of 350 kPa. The floe would apply a global 

load of 35 MN on the entire structure, or 11.7 MN on each cell. Scenarios for two 

thicknesses of multi-year floes were considered, 4.6 m and 8.3 m x 100 m floe with a 

crushing strength of 750 kPa. Loading by the wind driven floe is limited by the kinetic 

energy of the floe and can attain 30 or 54 MN on a single cell for the two thicknesses 

respectively.  

 

The scenario for bergy bits impacting the structure is also limited by the kinetic energy of 

the wind driven ice. A 30 m diameter piece of ice could apply a force of 11 MN to a single 

cell of the structure. Given the water depth directly in front of the cells of approximately 

15 m it is reasonable to assume the largest bergy bit that could impact the structure would 

be of a 30 m diameter. However given the fact that a much larger iceberg, which is shown 

in Figure 4-6, impacted all three cells of the wharf in 2015 that scenario may need to be 

revisited. The camera discussed in section 2.1 was installed to help understand the risk 

associated with iceberg incursions during the summer and will be examined in future work. 

 

 

Figure 4-6: Iceberg impacting the wharf at Nanisivik on September 5, 2015      

(photo provided by Advisian). 

 

The final scenario is for thermal loads caused by first year ice. A 2 m thick level ice sheet 

can produce a thermal line load of 266 kN/m which will apply a load of 27 MN on the 

entire structure or 5.6 MN on a single cell.  
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5. CONCLUSIONS 

 

An ice load monitoring system was installed at the Nanisivik Naval Facility; the only 

Canadian deep water wharf along the Northwest Passage. The system comprises a camera 

system to monitor the ice conditions in Strathcona Sound; two ice load panels, each 27 cm 

wide, one 2 m high and the other 3 m; three thermistors to monitor the temperatures on 

each panel and on a data logger and a pressure transducer to determine the tide level.  

 

The system recorded data from mid-September 2017 to early June 2018 when NRC staff 

visited the site to characterize the ice conditions in front of the load panels. Similar to 

observations at the site in the 1970s and 1980s, an ice bustle, 3 m to 5 m thick extended 

out 8 m from the cell. Different from previous measurements at the site, a complete-season 

record of ice pressures was obtained. From September through to June ice pressures greater 

than 100 kPa occurred less than 5 % of the time. No significant ice pressures were recorded 

before January. Each panel is divided into 0.5 m zones along its height. The ice loads were 

measured on all ten ice load panel zones. Of the ten zones, three zones (Zones 3-4, 3-5, 3-6) 

located below the Low Astronomical Tide did not have any large loading events. This 

suggests that the ice at that depth was warmer and did not have sufficient strength to 

generate significant ice loads. A fourth panel zone (Zone 2-2), the second highest in 

elevation (between 1.5 m and 2.0 m above the mean tide level), did not register any 

significant ice pressures, while panel zones above and below it experienced significant 

events. No plausible explanation for the response of this zone can be put forward at this 

time. However, the NRC will continue to monitor the data from this zone and the other 

zones. 

 

The greatest pressure on a single 27 cm x 50 cm zone occurred on Zone 3-1 on February 1, 

2018 and the measured value was 1230 kPa. The largest pressures on each panel zone and 

the ten largest events on any single zone were all examined. Total loads on the two full ice 

load panels were also examined in an effort to estimate the line loads on the entire structure. 

This analysis showed that most high-load events are dominated by the contribution of a 

single zone. The largest total load was the same February 1st event resulting in a total load 

of 193 kN on the two panels. This corresponded to a line load of 360 kN/m. Expanding the 

line load over the 21 m width of a cell produces a global load of 7.7 MN for the cell. This 

is a coarse estimate for the global load. It could likely be reduced due to the size of the 

measurement area compared to the total size of the structure and the fact that there are size 

effects for ice loading on structures. The pressures that we have measured are higher than 

the 425 kPa and 175 kN/m recorded by Frederking and Sayed (1988) on February 18, 1986. 

The extrapolated loads from our measurements are greater than the preliminary design 

loads of 5.6 MN for thermal loading of first year ice against a single cell of the structure 

calculated by Sun (2011) but less than the 11 MN expected from a 30 m diameter bergy bit 

or the 54 MN from an 8.3 m thick and 100 m diameter multi-year ice floe. 
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6. CONTACT INFORMATION 

 

The environmental and ice load monitoring system at the Nanisivik Naval Facility was 

designed and installed by NRC-OCRE staff at Building M-32, 1200 Montreal Road, 

Ottawa, Ontario. For further information on the system please contact Louis Poirier 

(Louis.Poirier@nrc-cnrc.gc.ca) or (613) 993-6834. 
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APPENDIX A ï ZEROING OF ICE LOADS 

To verify quality of the data, the pressure records are first converted from the recorded mV 

into engineering units. The manufacturerôs calibration report contains the laboratory 

determined calibration coefficients and offsets (Fingarson, 2016). The calibration 

coefficients are provided in Table A-1 below.  

 

Table A-1: Pressure and Force Panel Calibration Coefficients 

Zone Force - Slope Pressure - Slope  Pressure - Offset 

#-# kN/mV/V MPa/mV/V MPa 

2-1 407.0 3.015 -2.562 

2-2 191.1 1.416 0.639 

2-3 252.5 1.870 0.001 

2-4 218.3 1.617 -0.164 

3-1 174.3 1.291 -1.334 

3-2 304.0 2.252 -1.454 

3-3 218.9 1.621 1.242 

3-4 235.3 1.743 -0.468 

3-5 239.2 1.772 -0.912 

3-6 166.8 1.235 0.567 

 

Application of the calibration coefficients should yield useful data, however due to the 

drastic difference in environmental conditions between the laboratory calibration and the 

operational location, the calibrations required further verification. In addition to the 

pressure readings from the panel zones, a pressure transducer was fitted to the bottom of 

the 3 m panel. This gives a direct measurement of hydrostatic pressure. During the first few 

days of the systemôs operation, no ice was in contact with the panels, thus only hydrostatic 

pressure was recorded.  
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Figure A-1: Pressures recorded in open water shortly after system commissioning, 

3 m panel. 

 

Figure A-2: Pressures recorded in open water shortly after system commissioning, 

2 m panel. 
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Inspection of Figure A-1 and Figure A-2 shows that the calibrated pressures on the panels 

contain considerable offsets when compared to the pressure transducer. In order to modify 

the offsets to provide reasonable data, the pressure time series is adjusted to closely match 

the expected hydrostatic pressure through a two-step process: 

 

1. Calculate the expected hydrostatic pressure at the center of each panel zone; 

2. Adjust the recorded pressure time series for each panel zone to closely match the 

expected hydrostatic pressure.  

For (1) above, the data recorded from the transducer is depth-adjusted using a relative depth 

from the center of each panel zone to the transducer. The transducer is at the bottom of the 

3 m panel, and the relative depth values are given in Table A-2 (upwards negative).  

 

Table A-2: Estimated depth and pressure offsets relative to pressure transducer 

Zone Distance (m) ɲ t όKPa) 

2-1 -3.75 -37.7 

2-2 -3.25 -32.7 

2-3 -2.75 -27.7 

2-4 -2.25 -22.6 

3-1 -2.75 -27.7 

3-2 -2.25 -22.6 

3-3 -1.75 -17.6 

3-4 -1.25 -12.6 

3-5 -0.75 -7.5 

3-6 -0.25 -2.5 
 

The upper panels (2-1, 2-2, 2-3 and 3-1) are regularly exposed to air during tide minima. 

To account for this issue, the adjusted pressure transducer data has a forced minimum value 

of 0 kPa. Mean difference between the depth-adjusted pressure transducer data and each 

pressure time series from all zones is then calculated as an additional pressure offset, and 

the data is zeroed using this value. The first 3500 data points are used to estimate the offset. 

Figure A-3 and Figure A-4 shows the 3 m and 2 m panels after the zeroing process, and   
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Table A-3 provides the final offset values calculated from this process.  

 

 

Figure A-3: Zeroed pressures from 3 m panel during open water period. 

 

 

 

Figure A-4: Zeroed pressures from 2 m panel during open water period. 
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Table A-3: Change in pressure offsets based on analysis with pressure transducer. 

Panel-zone Original Offset Change in offset Corrected Offset 

#-# kPa kPa kPa 

2-1 -2562 290 -2272 

2-2 639 205 844 

2-3 1 -41 -40 

2-4 -164 334 170 

3-1 -1334 16 -1318 

3-2 -1454 163 -1291 

3-3 1242 113 1355 

3-4 -468 74 -394 

3-5 -912 69 -843 

3-6 567 180 747 
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APPENDIX B ï ICE LOAD PANEL DATA  

B.1 Monthly  Ice Load Data  

This section includes monthly figures of the ice load panel zones paired with the water 

level data recorded at the Nanisivik Naval Facility during the 2017-18 winter season. All 

of the monthly figures are plotted on the same scale for easier comparison. The data from 

all of the following ten figures can also be found condensed in Figure 4-1. The only 

measurable loads occur from January to May. 

 

 

Figure B-1: September 2017 ice load panel and water level data from the Nanisivik 

Naval Facility. 
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Figure B-2: October 2017 ice load panel and water level data from the Nanisivik 

Naval Facility. 
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Figure B-3: November 2017 ice load panel and water level data from the Nanisivik 

Naval Facility. 
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Figure B-4: December 2017 ice load panel and water level data from the Nanisivik 

Naval Facility. 
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Figure B-5: January 2018 ice load panel and water level data from the Nanisivik 

Naval Facility. 
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Figure B-6: February 2018 ice load panel and water level data from the Nanisivik 

Naval Facility. 

 







































http://tides.gc.ca/eng/data/table/2018/wlev_sec/5860





















