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EXECUTIVE SUMMARY

The main objectives of this work are {9 procure, calibrate and install an ice load
monitoring system for the Nanisivik Naval facility a¢ij to validate the ice loads used in
the design of thevharf. Thefacility is a refurbished wharf on the soutiose of Strathcona
Sound, near the entrance to the Northwest Passhggurpose of this report is to provide
an overview of the instrumentation system installed and a documentatio® measured
resuls with some preliminary analysi# future paper will analyse the results with a view
to explaining the ice loading process at Nanisivik and matk@sign loadestimations

The National Research Council (NRC) procured two ice load panelseviewedtheir
calibration. With the help of Dense Construction Canada and their contractors, the NRC
installed an ice load monitorirgystem 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 Zmwide and one 2 m and the other 3 m in heitji@mistors to monitor
thetemperatureof the air and both load panels, a pressure transducer to determine the tide
level and a datacquisition systeniThe extreme range of the tide was 3 m and the bottom

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

The system acquired data frahe time ofits installation in miéSeptember 2017 until NRC
staff returned to examine the ice conditions near the whadryJune 2018. Thefound
that thelevel ice thickness was 1161.9 m thick while the ice bstle next to the cell was 3
i 5mthick and extended approximatelyr8from the cell.

Freeze up occurred in Strathcona Sound in-@atbber however no measureable loads
were measured byhe system until January. During the entineasuremenperiod loads
were onlyindicatedon thepaneldor about5% of thetime.Each panel is divideito 50cm
zones alongs height The three lowestonesof the 3m paneldid not experience any large
loading events and tHewest zoneregisteredno measurable loading at all. This finding
suggsts that the icstrengthat this depth wanot sufficientto applylarge loads on the
structureThe top of the 2 m panel was positioned 1 m abovéoihef the 3 m panel. For
an unknown reason the second higlzeste of this panealid not register any ice loading.

The greatest ice pressure observed on a singlenX750cm zone occurred othe top zone

of the 3m panelon February %, 2018 and it wa 1230kPa Themaximumtotal recorded

load from all zonesf the two panelsvas alsdor the same February'event 193kN. It

was observed that during large ice loading eventsndeemumload is generally the result

of a single zone with much smalleontributions from othezones The February®levent

was also used to calculate a maximum line load and global load on the structure. The
maximumline load was 368N/m, extending that result over the width of the cell results in

a preliminary estimate foa global loadof 7.7 MN for eachcell. The extrapolation of our
measurements exceeds preliminary design loads for thermal loading but not for those from
multi-year ice flows or bergy bitsThe measurement system performed well and a
comprehensivadata se of ice pressure, tide and panel temperatwes collected and
provides a basis fodeveloping an ice loading model to aidestimating icalesignloads
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Environmental Monitoring and  Ice Loads on the
Nanisivik Wharf

1. INTRODUCTION

Ice loads along the Northwest Passage are of interdsbdeseeking to build offshore or
coastl infrastructure in the area. With increased activity in the Northwest Passage
combined with a changingimate there is more interest than ever in understanding the ice
loading conditions in areasuch as Nanisivik. While considerable work has been done in
the pastthosedatasets arenore than 3@ears old and both thecalclimate andneasuring
equipmem havechangedTo capture the ice loading on the wharf, the National Research
Council of Canada hasstalled ice load panelsn the Nanisivik wharfover a height of

4 m. The resultsvill be of interest not only for the long term maintenance of the Nakis
Naval Facility but alsdor new coastal infrastructure such as the small craft harbours
proposed for Pond Inlet and Clyde Rivigre new facility in Igaluitmining developments,
andships navigating the Northwest Pass&g®.these reasons the Depagent of National
Defense and the NationRlesearciCouncil have agreed thdie 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 desigheoNanisivik Naval Facility.

The focus of this report is to examine ice forces experienced by the WHaté not a
subject for this report, analysis of the results and putting forward a model to explain the ice
loading process at Nanisivik is plamheSuch a model will aid inmaking ice load
estimationgequired for design

1.1 Location

The Nanisivik Naval Facility is located near the Eastern edge of the NortRas=ssige at

7 3. N,Bet . W5The facility islocatedon the southern shore of Strathcddaund
(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 wasompletedoy the Government of Canada in 1977 to
support a | ead and zinc mine (Girgrah and Sh
facility along the Northwest Passage. The port will serve as a refueling golg faqility

for Canadian Department of Defense Arctic Offshore Patrol vessels operating in the
Canadian Arctic l(ackenbauer and Lajeunesse, 2016; Seavey &0aB) The wharf
comprisesthree cells which forma vertical face along which ships can bmoored

(Figurel-2).
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Figure 1-1: Nanisivik and Strathcona Sound The location of the NanisivikNaval
Facility is identified by the red box.
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Figure 1-2: Nanisivik Naval Facility
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1.2 /ce Loading in Nanisivik

Based on previous field investigations at the Nanisivik wiiagfice loads on the structure

area result of a complex ice featunehich forms to the seaward side of tinmarf. The

feature is called amce bustleand it changes throughout the winter. It is helpful to
understand the nature of the ice bystke it can helgo explain the ice loads obsred.
Observations made during the 1970s and 1980s have been described in Frederking and
Sinha (1978 and Frederking and Saye1987). Figure 1-3, from Frederking and
Sinha(1978, provides a representation of the evolutiorihafice conditions adjacent to
thewhartf.

The evolution of ice conditions can be summarized in the follostages:

1 Freezeup: land fast ice covelormsacross Strathcona sound, mid to late October

1 Levelice grows in Strathcona Souraiice bustle adhering to tliaceof the wharf
between the high and low tide levels builds up; the ice btygtieally 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 théntermediatdéce where it interacts with the ice bustle; thegins
in Novemberndextendg to December, or late¥While not indicatedn Figurel-3,
the ice bustle extended around each cell and merged with the tideofaan to the
shore.

1 At some point in time the ice bustlehich has continued to grow with the cold
temperatures andehvariation in the tidedreaks ofthe faceof the wharfand the
ice footunder its own weightt is incorporatd into the hinged section; the outer
edge of this section moves vertically with the level ice due to tidal action while the
edge adjacent tilvewharfhas its vertical movement restricted due to friction at the
faceof the wharf this results in repeated flooding of the zone at high tideaand
ice bustle, approximately rectangular in cresstion, becomes substantially
thicker than the level ice; this stalgstsfrom January through May.

1 In Junewith warming and melback theice bustlebecomedree-floating
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{a) End of November 1975

WATER LEVEL ICE

AT HIGH TIDE BUSTLE PRESSURE

/GAUGES
1
L

- STRAIN
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IOk OF
L SHEET FILE

{b) February-March 1976

ACUIVE ZONE

MATURAL ICE : ‘ Il

metres

Figure 1-3: An evolution of iceconditions during the 197576 winter season
(Frederking and Sinha, 1978)

Site visits during the 201X8 seasownly occurred befordéreeze upand towards the end
of the periodvhere the ice bustle nstrainedbetween the hinge and wharf, (center image
(b) of Figure 1-3) but it is expected that ice conditions would be genemllgive in a
similar mannero those of earlieyears. The ice panel temperataneasurementsvater
pressure measurements indicating tide hemhd the temperature insidéhe data logger
enclosure will be examined to see if they supfiugt assessment afsimilar evolution of
ice conditions.

2. EQUIPMENT

The Oceans, Coastal and River Engineering research centre of the National Research
Council Canada has installeglsearclequipment at two locations of the Nanisivik Naval
Facility. Each location is a sefustaining system with its own power souered data
storage system. Each system is powered titterythat isrecharged by solar panekhe
dataarestored locally. There is no remote communication to the data acquisition systems.
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2.1 Camera System

A CC5MPX camera from Campbell Scientifighich is designed for harsh environments

was installed near the Permanent site office on top of the utility s¢bcpamel-2 and
Figure2-1). The camera system includes the camera, a solar panel and a battery. The data
can be retrieved from the camera by connecting a2¥2cable to the 5 position adapter
stored with the camaror by connecting an Ethernet cable to the camera itself.

Figure 2-1: NRC Camera System

During the 201718 winter season the camera was programed to record three (3) images a
day at 10:00, 12:00, and :D® EST (All times in this report are &T). After the site visit

in June 2018the frequency of the images was increasesl/azy 2 hoursOne image from

the camera can be seerFigure2-2. The imagecaptures a earlyportion ofthefreeze up
periodin Strathcona Sounah October 11 2017 at noonOf the two light standards in the
centre of the imagéred arrow) oneis located on Cell 3 while the second is on the road
leading to thewharf. The light standard more to the left of the imgdgesen arrow)s

located on Cell 1. The camzeis located approximately 400 south of the panels at an
elevation ofapproximately27 m.



6 OCRE-TR-2018-028 NRC-CNC

v g

Figure 2-2: Image from the NRC Camera

2.2 [ce Load Panels

Two IDEAL Ice Load Panels were acquiredrfr WeirJones and installed ore(C3 of the
Nanisivik Naval Facility The panels were designed toffét on a single shegile of the

cell. Each panel haan active areghat is27 cm wide and the upper panel located on sheet
pile 48 has aradive height of 2 mwhile the lower panel on sheptle 47 has aractive
height of 3m. The panels he been bolted down onto backing plates which were welded
onto each shegile, seeFigure2-3. The piles are 0.5 m wide, but between the flat surface
on them and the backing plate width of only 27 cm was available aan active
measurement surfac&n epoxy was applied between the panel and backing plate to avoid
water being trapped between the tWoapped water could causpparent icéoadng of
thepanes 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 pEmel3 m panel also has a pressure
transducer at the bottom of the panel as showrigare 2-4. The two panelare both
divided in 50 cmzones along theheight The inner and outer faces of the panel are
separated by a number of rings, approximately 40 for each zone. For eatburomgs

as shown irFigure 2-4, arestrain gauge and providean outputwhich is assumed to be
proportional to the average ice pressomehe zone.There are a total of 1fones on the

two panelsThe zones have been designatedta 2.4 for th2 m panel an@-1 to 36 for

the 3m panel. The two panels have been ingtadlech that the bottom of then2 panelis

located 0.5m above the Low Astronomical Tide (LAT) and the bottom of the 3 m panel is
located atl.5m below the LAT as shown iRigure2-5. 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 panehs shown irFigure2-4 andFigure2-5. Zones 23 and3-1 as well asZones

2-4 and3-2 are at the same elevation and should experience similar loading. For reference
the High Astronomical Tide (HAT) i®cated at an elevation of 2.88or 48 cm above the

top of the 2 m paneFigure2-5 is the designed installation specifications. The elevations
are all correct but the original plan illustratedFigure 2-5 called for the panels to be
installed onpiles 19 and 20 ofCell 1. To align with the construction schedule on site the
panels were installed mles47 and 48 o€Cell 3. Consequentlyhe pile numbersat the top
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of Figure2-5 are incorrect as are thacations for théender connectiaiand existing pile

splices.
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Figure 2-5: Installation depth of the Ice Load PanelsIimage provided bythe divers
who installed the panels.

The ice load panel system indkes the two ice load panels, a solar panel, a battery and a
dataacquisitionsystem.The dataacquisitionsystem 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 locationsf the equipment are shownkigure2-6. The equipment located

with the data acquisition system is showfigure2-7. From top to bottom the solar panel,

the enclosure for the battery and the enclosure for the data acquisition sgstbmseen
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Figure 2-6: Location of the NRCequipment on Cell 3 Image provided bythe divers
who installed the panelsThe 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 excitaltagevto 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 fromedger for a total of 21 channels.

The data logger uses two channels to communicate with the multiplexer and three more to
recordthe thermistodataon each paneandthe tide level fronthe pressure transducer on

the 3 m panelAt current acquisitiomates thdogger, with the additional memory included

with the systemallowsmultiple seasonef datato be recorded uninterruptethe system

also monitored the temperature within the logger enclosure, battery voltage powering the
logger and excitation VWages supplied to the panel zones, thermistors and pressure
transducer.

To assess the performance of the solar assist to the b&iguye 2-8 plots the battery
voltage asthe temperature inside the data logger encloancethe 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 mtlesn 2 km which will limit the direct
sunlight It can be seen that until about rxdtober 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 midOctober until about midNovember there was some sunlight each day to at least
partially recharge the battery. From this time onwards there wastiaablerecharge of

the battery and a steady decline of battery voltage to about 12 V until early February,
however this was still $ficient capacity to maintian the logging function. For a few days
around February 20there 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 maxinum 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, showigure2-8, 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 201718 winter season

3. ICE CONDITIONS

In June 201& team of NRC scientists visited the Nanisivik Naval Facility to characterize
the ice conditions impacting theharf, and to verify the functionality of the overall
instrumentation package installed onsite.

As theNRC team arrived on site relativelydaih 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 theeibustle near the@harf (shown inFigure3-1), the thickness

of the parent ice in Strathcona Sound, and the motions of the bustle through the tidal cycle.
In additionto 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 surfattheice across Strathcona Sound, a span of
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open water between the bustle aetl, and betweeb - 15 cmof saturated, wet slush/ice
which wasexcavated from the bottom of each auger hole.

Of particular interest was the layer offrezen ice completelground the circumference

of the wharf cells (seen iRigure3-1 andFigure3-2). This phenomena was nobserved

or reported in earlier wort the siteThe 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 th@ell 3 ofthewharf appeared to be damaged, as there was a

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

Figure 3-1). Conversations with the construction contractor on site indicated that this
damage was sustained when the cell s fill m a
and a piece of glacial éechad impacted the weakened structure. While not a significant

issue, it may indicate that the installation location of the pressure panels mayflabt be

and the wharf itself may not be round.

Figure 3-1: Refrozen ice around circumference of steel sheet pilésdicated by red
arrow). Damageat outermost region of eCell 3 due toan iceberg impactprior to
installation of the load panels
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Figure 3-2: Refrozen layer of hard ice onCell 3 of theinstrumented wharf, June 7",
2018.

3.1 /ce Bustle Adjacentto the Load Panels

Viewing thesite, it was noted that a number of cracks were apparent in the ice bustle
(pictured inFigure 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 thest outward point of theell (seen in the bottom right

of Figure3-4). Thepieceof ice between these two cracks was expected to be interacting
with the load paneland 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 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 provideligure3-5.
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Figure 3-3: Ice bustle in contact with the instrumented NanisivikCell 3, June 8",
2018.
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Figure 3-4: Ice bustle showing bounding radial cracks and borehole locations (flags)
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Ice load panels
installed on sheets
47 and 48

Cell 3

Q Data Acquisition

System

Figure 3-5: Schematic of the ice bustle observed near Cell Bashed lines indicate
cracks in the ice cover. Solid red lines indicate the locations of the elevation survey
and ice thickness measuremenis and y axes for the elevation survey are included.

Sea ice thickness near the Nanisiwkarf is complicated byhe annual formation of a
partially free floating ice bustle near the wharf. This formation is a result of the flooding
and freezingof the ice near thevharf with thevaryingtides. In cold winter months, the
bustle has been observed to tilt, hinginghsstn 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 ($egurel-3).

As referenced earlier in thigport previous studigof the nature of the ice loading on the
Nanisivik wharf (Frederking, 1980; Frederking and Sayed, 198&rused as a basis for
defining the measurement locations. Tiwatk 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 theddéight. 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 ofMaesistance. 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 | ines of auger measurements were
0D6, iwmiet ®WAI6 | oc aHgere3B-4andt beet ®pagffrom | ine
bottom right of the image. Line O0B®& was ext e
sheet thickness values, as well as the thickness atripe. litach individual measurement

was al so denoted a number, with 616 being cl

Following the thickness measuremémteach borehole, an elevation survey of all borehole
locations was completed using a stamtopticalevel. This intent of the work was twofold:
1 Obtain concurrent ice surface elevation and ice thickness information;

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

The optical level was placed on the flat concrete pa@edf 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 receddalong with thdime d measuremen(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 thielss measurements, are givefable3-1. A cross

section the ice bustle along line B is showifrigure 3-6.

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

Distance to Cell | Thickness | Elevation
# (m) (m) (m) Elevation TimeEST
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 5.30 457 -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 3.2 -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 voidrull 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 theneasuring tape seemed to become stuck ihdles 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 thitkaéss of
about 1.6 1.9 m.Measurement B6 correspondsthe thickness at the hinge, and was the
thinnest measurement recorded, as expected.

Additional sample holes were drilled at t@ell 2 ice bustle, to establish if there was a
marked departure from the thicknesses of the bus@elb8. While the elev@on/position

of the measurements was not recorded, the thicknesses from the center bustle were between
3 and 5 m, similar to the values presentetidhle3-1 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 Jce Motions

The movement of the ice surface with the tides wacked by usingQualisys® motion

capture system throughout a full tidal cyclehe initial intent of the work was to
simultaneously capture motion and panel pressures during a tidal cycle to observe the
dependency on bustle tdind planar motionen panelpressuresHowever 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 hmadlted Ideally this field work would take

place near periods of peak loadingstween 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 trasBvements ofhe ice bustle over the field trip, with

the last attempt being the most swesfal. From the 4 tracked markéstrecorded during

the successful acquisition, 3 markers contained sufficient quality to approximate the
motions of the body. From those 3 markers, on§6% of the sample period was useful.
This data contains approximedy 1.5 full tidal periods (20 hours of useful data).

Figure3-7 shows a clear relationshigd the vertical motiorto tide, as expectednd small

planar offsetsvere also observed. The X and Y axes are close to parallel and perpendicular
to the radialdirection extending from the wha(Figure 3-5). In addition small planar
offsets (maximum of about 4@m) were observed during the tracking period. The motion
data indicates that the ice bustle has small plarodions weaklyassociated with changing

tide.

In terms of rotation, some small angles ofation were observed about all three major
axes, shown ifrigure3-8. These angles are somewhat related to the tide, however it is not
clear what portion of the rotah 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. Tisenoath

curve is evidence that short duration motions were occurring during the acquisrimoh p
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Figure 3-8: Rotation angle of the ice bustl@bout Qualisys® defined axes (x,y,2).
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Displayingthe rotation usingan axisangle representatiofseeFigure 3-9) suggests that
thenetrotation of the ice bustle wabout 4 degreesver the 26hour measurement period
which is consistent with the rotations observed abouiQbalisy® defined Y axisThe
work completed byrederking (1980dliscussed the rotation of the ice busflec degree
tilt change was measured between high and low tide, hf/that time The lower angles
observed during the June field work are likely due to melting of thdaading to less
confinement othe bustle byhe wharf and thé&velice sheetAs the melt continugshe
bustle will eventually float freely as shown in the lower imagEigéire1-3.
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Figure 3-9: Total angle ofice bustlerotation (axis-angle representation)

3.3 Historical Ice Conditions

In an effort tobetter understanthe severity of the ice conditions observed in Narksiv
over the 201718 ice seasqrtemperatures from Nanisivik were compared to data from
Arctic Bay, a community 20 km to the Westhdmeandaily air temperatureBom the
Arctic Bay CS weather station (WMID: 71592 from NCDC (2018have been compared

to the temperatures recorded within our data logger encl@gutiee Nanisivik Naval
Facility in Figure3-10. As seen irFigure3-10, the temperatures from the two locations are
very similar therefore the cliate data from Arctic Bay appears to be an appropriate
indication of the climate conditions at the Nanisivik Naval Facility where our
measurements are made.
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Figure 3-10: Temperatures recorded at Nanisivikand Arctic Bay during the 20171
18 winter

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

ID: 71592 from NCDC (2018)is availablefor the passeven (7)winters. We have used

the data tealculate the freezing degrelayS FDDs)for each season irigure3-11. FDD

is the sum of the difference between the mean daily air temperature and the freezing point
of sea weer (taken asl.8 °C)for each day during the wintéFhis number increaseantil

above freezing temperatures return in the spAegording toFigure3-11the2017i 2018

winter season waihe third coldest of the past seven years which could be considered in
the norm for the periosb we can expect the ice conditions would be nortoalthickness

can be estimated from the severity the winteiquemntified by the accumutked freezing
degreedays (FDD)Michel (1971) has proposed an empirical expression of the form

h = 0.03%)(FDD)2

where h is the ice thickness ineters, FDD has units (‘@lays) and U i s
coefficient taking into ecount local conditions such as the amount of snow c&eerthe
201718 winter season the maximum value=@fD was about 800 °Gdays which, with

a regional coefficient of O0.fFrederking et al., 2011yields a maximum ice thickness of

1.7 m This falls within the range of ice thicknesses measured in the parent level ice
adjacent to CelB which can be found iffable3-1.



24 OCRE-TR-2018-028 NC-CN3C

6000

5000

4000

3000

FREEZING DEGREE DAYS

2000

1000

0

o AN o A0 1

et } P\)%' &Y N\'a‘i e
Lo > L NG oY 0¥

20

B
cer®

A%
QXQ‘W\\
o

Figure 3-11: Freezing degree days calculated using th&rctic Bay climate data for
seven winters

In an effort to observe the longer tetrands in the aredhe freezing degree days shown

in Figure3-11 are compared to the climate data from Pond Inlet (WMO ID: 71095) using
the NCDC (2018) data set Figure3-12. Pond Inlet is another community in northern
Baffin Island which is located 218 km to the East of Nanisivigure3-12 showsthat the

overall freezing conditions are similar in Pond Inlet and Arctic, Bath Pond Inlet being
colder. Over the seven years compared from 2012 to, Fak&l Inlet has an average of
4830 freezing degree days per year or 120 more than Arctic Baythihdoations the year

to year variations are similar and the coldest winter and the warmest winter were recorded
in 2015 and2017respectively for both locations.

Finally, in Figure3-13, forty seasons of freezing degree dagd calculated ice thicknesses

in Pond Inlet are displayed to illustrate that while the 2018 winter in northern Baffin Island
is typical of the past 1Qears there has been a general warming over time. On average the
area has lost approximatefg0freezing degree daysr about 0.4 m of annuallevel ice
growth, from the winter season over that 40 year range. This data can also help provide
context for he previous studies performed in Nanisivik in the 70s andrs@sl¢rking and

Sinha (1978), Frederking (1980), Frederking and Nakawo (1984), Frederking, and Sayed
(1987), Frederking and Sayed (1988))
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data for eight winters
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3.4 [ce Load Panel Temperatures

As mentioned in sectio®.2, both of the ice load pandiavea thermistor at the topf each
structure.ln sectior3.3 it was shown that the temperatures recorded in the data logger
enclosure were reflective of the air temperature at the wharf. These three temparatures

all displayed inFigure 3-14 for the full 201718 winter seasanThe data logger
temperatures follow the seasonal cooling and warming. The 2 m panel temperatures
generally follow the logger temperatures bate moderated by the fact the parnisl
occasionally submerged by high tides. The 3 m panel is regularly submerged and as such
does not deviate too fare | -@ w, thouGh there are spikesth lower temperatures when

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

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

and dry as shown imore detail inFigure3-15. As discussed iAdppendix Ci Tides the

ice load panel temperature datare used to help verify the calibration of the pressure
transducer and the tide level daihen the top of the panels are submergéte
temperatures are warmer and reflect the temperature of the water. When the tides are lower
and the top of the panels are exposed to thetraertemperatures are colder and they
fluctuate more with the air tempereguThis 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.
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Figure 3-14: Data logger andice 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

ExaminingFigure3-14we note that there is something different occurring with the ice load
panel temperatures from raMovember to early January. For this reason we have
expanded this portion of the dataFigure3-16. In earlyNovember and early January the
characteristic wetting seenigure3-15 can still be obswed however in milNovember

the effect of wetting on the temperature data disappears from the 2 m panel and is heavily
moderated from the 3 m panelo Dur knowledgehis behaviour has not been observed
before. It appears that as the ice bustle forms theeload 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 decreagknostcontinually. This anomalous behaviour comes to a
sudden end on Januaryfdt 5:20as shown irFigure3-17. At this timethetemperature of

each panedr ops dramatically
temperature continues to drop but at a much more normal rate until the wetting cycle, which
was not observed between November and this poitime, resumes The data logger
temperatue is unaffected by this event howevdr520 an anomalwas also noted in the

ice load panel pressure data. Every panel zone exg¢&pb8d a sharp jump in the single
time step between 5:20 and 5:25. Zonesdhd 35 were not as sharp as the othere=on
which suggests the event was not as important at low depths. The Jatiesgnt is

AN do sC muht Thebe onuisnl uyt
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something truly original in the dataset. Nothargyway similar was noteslsevhereduring

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

We hypothesize that on Januafat 5:20 the ice bustle became sufficiently large that it
dislodgedfrom the cell under its own weight. This explanation appears to fit all of the

Facility during the ice bustle formation

available data and the description found in secti@Previous observations of thestle
were at discretetimes so the end resulvas known but not the complete proce$ssom

previous

y e a rwadnotaléasifahe buatle fiellooff abruptly or gradually over

several tide cycleghfter reviewing this data we can concludeattim this instancehe ice
bustleformed in the early part of winter 2018 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 Jce Load Panel Zone Pressure s

The raw dataof panel zone pressunecorded by the data logger was converted to
engineering units and zeroed using tide and panel depth informatioprddesgo obtain

zeroed pressures is presented in AppendixZ&roing of Ice LoadsA time series record

of the panel zone ice pressuessl the tide level for the whole measurement season from
September 2017 through to June 2018 is presentadune4-1. It is not until January that

any loading events occuks discusseth sectionl.2, the ice bustle and the relatively thin

ice cover ensure that rppreciabléce pressurbadbeen generated up until this time. The

most active loading period is fromigrJanuary to the enaf March.Expanded time series
records of the panel zone ice pressures and the tide level have been plotted on a monthly
basis and presentedAppendixB i Ice Load Panel Data

Ice loading is responsible for ddirgeloading events observed on the panels. The tide level
is included because, as discussed in sedtignthe tides are the primary driving force
generating a mechanism tipatstesthe ice against the wharf. For more information on the
tide measurements used in this reportAgeendix Ci Tides
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Figure 4-1: Record of panel zone ice pressureand tide level at Nanisivik for
201718.

To take a first look at the panel zgmessures, probability distributions of all panel zones
for the whole winter season were examin@dl. together there werg4692 5-minute
measurementfor each zongfrom September 14, 2017 at 15:35 when slgstem was
activated until Jung, 2018 0:00 \wen the last datavererecordedPlots of the probability
distributions of the most actively loaded panels are presentgdune4-2. The first thing
that is clear is that active ice loading occurs less than 5% of theltinmg the recording
period Zones 21, 2-3, 2-4 and 32 have normal tails on their distributio@®ne 22 does
not seem to be responsivnes 31 and 33 will be discussed belovi.hereweresome
low level ice loads on Zong4 and 35, but none on-8. On these three panel zontdwe
observegressurs decreasefilom top to bottomThis suggests that at thadeptlsthe ice
is too weak tanake an appreciabt®ntribution to the icébad on the wharf.

The events in thetails of the distributions were examined to determine whether they
represented loading evetasting severaensof minutes or were random spik@ane3-1
experienced substantial ice pressures, but has a weaktheie are only about
30measurementsr 2.5hourswith zone pressures greater than 200 kPa or 50 instances for
pressures greater than 100 kPane 33 also experienced substantial pressure, but the tail
is weak, about 30 measurements of pressures gteate?00 kPaln Figure4-3 we can

see that those 2.5 hours of pressures greater thakP200easured opanelZone 31 all
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occur in two eventoth on February 1, 2018hus the tail of the distribution of Zoigel
iS a onetime event.

Given that the Zone-3 maximum ice pressure of 1230 kPa stands out from the other
maximum pressures recordedring the 201718 winter seasant will be reviewedfurther

to put this value in contexResults from two earlier measurement programs at Nanisivik
areexamined A maximumice pressuref 425kPawasreported by Federking and Sayed
(1988) who measureide pressure in théevel iceabout 50 m from theetl faceusing a

1 m x 1 m panelThe maximum value was recorded in raithter,on February 18, 1986
According toFigure 3-13 the winter of 1986 would have been similar severityto
201718. An earlier projectKrederking and SinhB978)estimated maximurpressures of
500kPa or greatefrom permanent deformatiasf their measurement pangl 1976.The
directice measurements in 2018 and 138€ relatively comparable, taking into account
therespectivaneasurement arsaf 0.135m? and1 m?. The scale effect of increasing local
ice pressure with decreasing ar®bkaéterson and Frederking, 1993fers that decreasing
thelocal measurement area by an order of magnitude resulted in about a 3 fold increase in
local ice pressuresimilar to thel9861 2018 comparison.

—e—7_PRES_3-1(kPa) —e—Z_PRES 3-2(kPa) —e—Z_PRES_2-3(kPa) Z_PRES_2-4 (kPa)
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Figure 4-2: Probability distributions for the seven most actively load zones,
Nanisivik 2017-18.

Ice load panel zone-2 appears to have only about 3 or 4 points in the tail. These points
correspond to 2 small peaks each lasting abh&ut20 min on January8around 18:00.
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These are the only events on zor2 fr 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 questiadtone 22 will continue to be monitored however given the
201718 data it is not expected to respond to loading in the future.

The maximum ice loading events alhzones arshownin Table4-1. Zones 22, 3-4, 3.5,

and 36 haverelatively low maximum ice pressurdsoads on the lower half of the 3 m
panelare seen tdecrease with depth. Because we know ice is colder and hardeh@ea
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 shownFigure2-4 there are four specifiocations

in each zone which are instrumented gaderate a signal thataseraged to give the zone
pressureThe baseline signal wagmed at the beginning of the season as discussed in
Appendix AT Zeroing oflce Loads. This baselinarifted over the course of the season.
ExaminingFigure4-1 we can se¢hat 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 unattendélhe times series for the ten maximum loading events
described inrable4-1 can all be found in AppendR.2 Maximum Load Recorded on
Eachof the 10Ice Load Panel Zas
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Figure 4-3: The largest ice loading event recorded on arsgle zone (31) during the
201718 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 | Max Date and Maximum

Zone | Time Pressure (kPa)
2-1 2018Feb12 10:10 933
2-2 2018Janr03 18:20 104
2-3 2018Mar-14 22:55 607
2-4 2018Feb11 7:20 807
31 2018Feb01 8:05 1230
3-2 2018Mar-03 23:10 777
3-3 2018Mar-03 22:30 814
34 2018Janll 1:15 141
35 2018Apr-19 19:30 129
3-6 2018Mar-06 19:25 56

In Table4-2 we examine the ten largest ice loading events recorded on individual zones
during the 201718 winter season. The maximum pressures on a single zone are noted along
with the other zones affesd during the ice loading event.

Table 4-2: Ten highest loading ice events recorded at the Nanisivik Naval Facility
during the 201718 winter season

Ice | Date and Time of Maximum Primary Other Zones

Events | Peak Pressure on a Zone Loaded
Single Zone (kPa) Loaded

1 2018Feb01 8:05 1230 31 -

2 2018Feb12 10:10 933 2-1 3-2, 24,23

3 2018Mar-03 22:30 814 33 32 24,31

4 2018Feb 11 7:20 807 2-4 2-1, 32,23

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

6 2018Feb 10 5:20 686 2-4 2-1, 23

7 2018Feb9 17:25 659 2-4 -

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

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

10 | 2018Mar-10 3:30 595 2-4 2-3, 32

For a zone to be considered loaded during an event in the final coluhable#-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 thefeteid.

font and underlindor the panel zone indicates that the event is tiges loading event

for that panel zontor the entire seasoithefirst loading event fronTable4-2 was shown

in Figure4-3, where the loadingwas observed almost exclusively on zonel.3In
Figure4-4 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 and 24. Zone 32 is also very active during the two evenit is a pair of

interesting events because zone$ @nd 32 are set to the same elevation so we would

expect them to record similar valuasd be synchronizedHowever they are not anthis

type of behaviour imnormal for the data that we have examinéithe most obvious
explanation for this ishatthe contact geometry between the panels and the ice mustle
inconsistent. This can apply force in a nomni f orm manner around
circumferenceln the first event zon8-2 was loaded first while in the second it wag 2

first. In both cases the delay was fromt8®0 minutes.

The final event discussed in this sectisthe third largest loading event on a single panel
zone. The event is the largest loading evertiaih panelZones 33 and 32, and there are
much smaller contributions frodones 24 and 31. The loadingoccurredas the tide level
wasraising This is seen as zone33is loaded first and the time between thekpen 33
and 32 corresponds closely withe time for the tide to rise 0.5 m. Further, zon&sahd
2-4, which are installed at the same lew€ loaded simultaneoudiyr this eventAll of

the ten largest loading events frdrable4-2 are shown irAppendixB.3  The Ten
Largest Ice Loading Events a Single Zone
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Figure 4-4: The secondand fourth largest ice loading evergrecorded on a single
zone @-1 and 2-4) during the 201718 winter season.
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Figure 4-5: The third largest ice loading event recorded on a single zone-33 during
the 201718 winter season.

4.2 Global Loads Estimate

The instrumentation that the NRC hatbtalled on the face of the cell measures ice
pressures over relatively small areas in comparisainetdotal area of the face of the cell
exposed to ice loadinghe total sensing area of each panel is small, ®.2idde by the

panel lengthThe challenge is to extrapolate these local measurements to the larger area of
a cell. The individual panel zonmeasurements have shown that actual loading events are
relatively rare, representing less than 5% of the time fé@ptember 14, 2017 at 15:35
when the system was activated until J6n2018 0:00Furthermore, the loading events

tend to be concentrated one or two of the panel zones and the duratigeierally short,

1 to 3 hours.

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

load on each panel and the total ice loadbothwill be consideredThe firststep 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 teum the icdoads fromeach panel zone to getaal panel loadTime series

plots of each panel loathetotal loadfrom both panelsindthetide level on a montiy-

month basisre plotted irAppendix Di Total Measured Ice Loadsoading events having
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a maximum total load 7BN or greater were separated out and the six largest total loads
are listed inTable4-3. The maximum total load was 188l. The maximum load oaach

of the 2m and 3m panels was 145 and 1KBl, respectivelyFrom our own observations
here andn other studies, it is known that there is a size or loading width effeetoad
per unit width decreases as the loaded width incredbedotal load and panel loads were
converted to line loads by dividing the total load by Grbdnd the panel loads by 0.8Y
The six largestotal line loads ranged from 3&IN/m to 260kN/m. The panel line loads
had maximum values of 54N/m and 65kN/m on the 2m and 3m panels, respectively.
For the total line load on a width of 0.54 m the maximum line load, Kdg&n, was
considerablyower than either of the maximumdividual panel lindoads.This illustrates
the reduction in line load as the loaded width increaseederking and Sayed (1988)
reported a averagdine load of175 kN/mfrom four 1 m x 1 m panaldispersed 850 m
widths inthelevelice near the wharf.

For extrapolatia to the width of a cell or the wharf as a whole, the effective line load would
be smallerThe six largest total loading events frarable4-3 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 fitable4-3 correspond to loading
events 13, 5, 4 and 9 from the largest loading events on single zones shdahlé#-2.

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

Date_Time TOTAL (kN] TOTALLINE| 2mPANEL | 3m PANEL
LOADKN/m) (kN) (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 360N/m and a 21Im effective width of a cel{Girgrah and
Shah (1977), a maximum force of MN is estimatedThis is very much a coarse
estimate and further analysis could lead to a redustitims valuedue to the small area
over which pressures amgeasurd comparedo 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 19700s. T h bcate felatedetcs t  wor k
design criteriavas 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 witadirst

and muti-year ice as well as bergy bits in the summer seasagssel 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 firgear ice floe in the summer considers a 1 m thick x
1000 m diametefloe with a crushing strength of 350 kPa. The floe would apply a global
load of 35 MN on the entire structyrer 11.7 MN on each cell. Scenarios farot
thicknesses of mulyear floes were considered, 4.6 m and 8.3 m x 100 m floe with a
crushing strentty of 750kPa. Loading by the wind driven floe is limited by the kinetic
energy of the floe and caattain 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 théckemetrgy of

the wind driverice. 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 mit is reasonable to assume the largest bergy bitthddl impact the structure would

be of a 30 m diameteHowever given the fact that a much larger iceberg, which is shown
in Figure4-6, impacted all three cells oféhwharf in 205 that scenario may need to be
revisited. The camerdiscussed in sectioR.1 was installedo helpunderstandhe risk
associated witicebergincursionsduring the summeand will be examined in future wark

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 mi¢ekice sheet
can produce a thermal line load of 266 kNitmich will apply a load of 27 MN on the
entire structure or 5.6 MN on a single cell.



NC-CN3C OCRE-TR-2018-028 39

5. CONCLUSIONS

An ice load monibring system was installed #te Nanisivik Naval Facilitythe only
Canadiardeep water whaidlong the Northwest Passagihe system comprises a camera
system to monitor the ia@nditions in Strathcona Sountdjo ice load paneJgach 27m
wide, one 2m high and the other By; threethermistos to monitor thetemperaturg on
each panel and andata logger and a pressure transducer to determine the tide level.

The system recorded data from r8dptembeR017to early Jun€018when NRC staff
visited he site to characterize the icenditionsin front of the load panelsSimilar to
observations at the site in the 1970s and 1980&eabustle 3 m to5 m thick extended
out 8 m from the celDifferent from previous measurements at the site, a cornpéetson
record of ice pressures was obtairfem Septembehroughto June ie pressures greater
than 100 kPaccurredess tharb % of the timeNo significant icepressures wenmecorded
before JanuaryEach panel is divided int@.5 mzones alongs height. Thece loads were
measured on all ten ice load panel zonegsh@&tfenzonesthree zone§Zones 34, 3-5, 3-6)
locatedbelow the Low Astronomical Tiddid not have any large loading eusnThis
suggest that the ice at that depth wasarmer and did not haveufficient strengthto
generatesignificant ice loads. A fourth panel zon&one 22), the second highesh
elevation(between 1.5 m and 2.0 m above the mean tide)lesi®l not register any
significant ice pressures, while panel zoabésve and belovit experienced significant
events.No plausible explanatiofor the response of this zowan be put forward at this
time. However,the NRC will continue tamonitor the dat from this zone and the other
zones.

The greategtressuren a single 2¢mx 50cm zone occurred oAone3-1 onFebruaryl,

2018 andhe measured value wag30kPa The largespressuresn each panel zone and

the ten largest events onyesingle zone were all examinetbtal 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 higlad events are dominated by the contribution of a
single zme. The largest total load wake same February'®vent resulting in a totébad

of 193kN on the two panel This corresponded to a line load of 30'm. Expanding the

line load over the 21 m width of a cell produces a global load d/iRl Zor thecell. This

is a coarse estimate for the global loaccdtld likely bereduceddue to the size of the
measurmentareacompared to the total size of the structure and the fact that there are size
effects for ice loading on structurédhe pressureshat we have measurade higher than

the 425 kPa and 175 kN/m recorded by Frederking and Sayed (¥9B8pruary 18, 1986.

The extrapolated loads from our measurements are greater thpreling@nary design

loads of 5.6 MN for thermal loading of firsegr ice against a single cell of the structure
calculated by Sun (201byut less thathe11 MN expected from a 30 m diameter bergy bit

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

The environmental andce load monitoring system at the Nanisivik Naval Facility was
designed and installed by NRQCRE staff at Building M32, 1200 Montreal Road,
Ottawa, Ontario For further information on theystem please&ontactLouis Poirier
(Louis.Poirier@nrecnrc.gc.caor (613) 9936834
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APPENDIX AT ZEROING OF ICE LOAD S

To verify quality of the data, the pressure records are first converted from the reoded
into engineering units. The manufactugd calibration report contains the laboratory
determined calibration coefficients and offsets (Fingarson, 2016). The talhbra
coefficients are provided ihableA-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
31 174.3 1.291 -1.334
3-2 304.0 2.252 -1.454
3-3 218.9 1.621 1.242
34 235.3 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. Intiaddio 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 systemds o0 pe epahelsdhusoniynwhydrostatie wa s

pressuravasrecorded.
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Figure A-1: Pressures recorded in open water shortly after system commissioning,
3 m panel.
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Figure A-2: Pressures recorded in open wateshortly after system commissioning,
2 m panel.
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Inspection ofFigureA-1 andFigureA-2 shows that thealibratedpressures on the panels
containconsiderabl@ffsets when compared to the pressure transducer. In order to modify
the offsets to provide reasonable data, the predsue series is adjusted to closely match
the expected hydrostatic pressure through adiep 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-ddptsted using a relative depth
from the center of each panel zone to the tracsd The transducer is at the bottom of the
3 m panel, and the relative depth values are giv@rabieA-2 (upwards negative).

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

Zone| Distance(m) | n  KPa)(
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, 22, 2-3 and 31) 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 depdjusted 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.
FigureA-3 andFigureA-4 shows the 3 m and 2 m panels after the zeroing process, and
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TableA-3 provides the final offset values calculated from this process.
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Figure A-4: Zeroed pressures from 2m panel during open water period.
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Table A-3: Change in pressureoffsets based on analysis with pressure transducer.

Panelzone Original Offset| Change in offset| Corrected Offset
H#-# kPa kPa kPa
2-1 -2562 290 -2272
2-2 639 205 844
2-3 1 -41 -40
2-4 -164 334 170
31 -1334 16 -1318
3-2 -1454 163 -1291
3-3 1242 113 1355
34 -468 74 -394
3-5 -912 69 -843
3-6 567 180 747
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APPENDIX B 17 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 2B.Winter season. All

of the monthly figures are plotted on the same scale for easier compdhsatata from

all of the following ten figures can also be found condenseBigare 4-1. The only
measurable loads occur from January to May.
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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































