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5.0 MARINE PHYSICAL ENVIRONMENT

5.1 Marine Geology

The Project Area, EL 1161, is located on the eastern edge of the Grand Banks of Newfoundland (Grand
Banks) within the Jeanne d’Arc Basin. The Grand Banks is comprised of a series of several shallow banks
encompassing 140,000 km2 and is the largest in a series along the Eastern Canadian continental shelf
(Grant and McAlpine 1990; Keen and Piper 1990; King 2014). The Grand Banks extend 400 km off
Newfoundland, are up to 720 km long by 480 km wide and lie in waters less than 100 m deep (Keen and
Piper 1990). The Grand Banks are bordered by the Laurentian Channel to the south, the Jeanne d’Arc
Basin and Flemish Pass to the east, and the Northeast Newfoundland Shelf to the north (Keen and Piper
1990).

The Grand Banks formed during the opening of the Atlantic Ocean in the Early Cretaceous period (Louden
et al. 2004). Most of the underlying bedrock geology of the Grand Banks consists of rifted Paleozoic or
Carboniferous sediments with the southwestern margin formed by transform faulting (Keen and Piper
1990). The mid-shelf is covered with coastal plain sediments deposited in the Cretaceous and Tertiary (King
2014). These deposits are overlain by Cenozoic sediments which have been strongly influenced by
Quaternary glaciation (Piper 1991).

The surficial geology of the Grand Banks has been influenced and mechanically altered by successive
glacial periods, sea-level fluctuations, and storm-driven currents. (King and MacLean 1970, Sonnichsen
and King 2005; Shaw 2006; Shaw et al. 2006; King 2010). Glacial deposits on the Banks include till sheets
overlain by proglacial silts (Piper 1991) and prominent till ridges have been documented at the shelf margin
in the Sackville Moraine complex (Huppertz and Piper 2009). Less than 20% of the Banks are deeper than
200 m and portions are shallow enough to have been emergent at glacial low stands in the Late Wisconsin
(Sonnichsen and King 2005; Piper 2005; Shaw 2006). Iceberg grounding and scouring have mechanically
reworked the seafloor and sub-seafloor shelf and upper slope sediments throughout the Quaternary (Banke
1989). Regional estimates of the minimum scouring frequency are on the order of 2 x 10 scour
events/kmz/year (Banke 1989). Sonnichsen et al. (2005) estimate the scour frequency on the Grand Banks
to be 2.7 x 10 scour events/km?/year. Additionally, in shallow areas, storm-driven currents have formed
sandy bedforms on the Grand Banks (King and MacLean 1970).

Sand ridges and waves, shell beds, iceberg scouring, pockmarks, and seabed depressions are widespread
throughout the eastern Grand Banks (IAAC 2021). The surficial geology of the Grand Banks consists
predominantly of a sand matrix (>90%) with more than 50% gravel content (Figure 5-1).
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During periods of widespread shelf-crossing glaciation, sedimentation on the Grand Banks substantially
increased (Piper 2005). The large volumes of suspended sediments were transported to the slope edge
and reworked by storm-driven and shallow ocean currents. When sea level rose at the end of the last glacial
episode, the surficial sediments were reworked, and the result was a relatively thin (average 1 to 3 m)
veneer of sand and gravel (Fader and King 1981; Stoffyn-Egli et al. 1992). The reworked coarse-grained
sediments comprise the Grand Banks Sand and Gravel seabed formation. The Grand Banks Sand and
Gravel is interpreted as a basal transgressive deposit formed by winnowing of fines and is usually exposed
between 90 and 110 m water depth or covered with a thin veneer of sand (Sonnichsen et al. 1994).

Within EL 1161, the surficial geology is comprised predominantly of Grand Banks Sand and Gravel: gravel
with sand, gravel with minor sand, and continuous sand (Figure 5-2). The Grand Banks Sand and Gravel
consists of pro-glacial Quaternary sediments (Piper and Campbell 2005) and is related to the Wisconsinan-
Holocene transgression but continues to undergo present-day reworking (Sonnichsen et al. 1994).

The Grand Banks Drift seabed formation is highly irregular and underlies the Grand Banks Sand and Gravel
as it extends into the EL. The Adolphus Sand Formation, which blankets the surrounding ELs, consists of
fine-grained sand matrix with minor gravel and shells (Sonnichsen et al. 1994).

5.2 Atmospheric Environment

The Grand Banks of Newfoundland are among the harshest and most variable environmental operating
areas in the world. This is an area that is affected by numerous climatic factors that vary from year to year,
seasonally, and, at times, from storm to storm. The Grand Banks are located near the boundary of the
maritime and continental air masses, and hence can be affected from storms that originate from the ocean
or from the North American continent. Continental and maritime storms have different characteristics and
each vary in their predictability. There are also situations in the winter when the cold Arctic air mass spills
over the Grand Banks in “cold outbreaks,” causing gales and a rapid build-up of high sea state conditions.
In the late summer and fall, the Maritime Tropical air mass to the south of the region can cause the formation
of tropical storms that eventually track across the region, bringing high winds and seas. Warm air masses
moving from the Gulf Stream over the colder Labrador Current waters produce heavy fog, especially in
spring and summer, when the air-sea temperature differences are greatest. The confluence of the Labrador
Current and the Gulf Stream produce temperature contrasts that frequently cause migrating low pressure
systems to develop as they cross the Grand Banks, sometimes explosively. Severe storms occur most
frequently in the fall, due to hurricanes or other tropical systems, and in the months of January through
March as large winter storms transit the area from the southwest to the northeast.
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5.2.1 Wind Climatology

The primary characterization of the wind climatology of the Project Area is derived from the most recent
release of the MSC50 wind and wave hindcast statistics for the North Atlantic Ocean and which span 1954
to 2018. The MSC50 dataset includes hourly wind and wave parameters of the North Atlantic Ocean (Swalil
et al. 2006, DFO 2022). The hindcast data were produced through the kinematic reanalysis of substantial
tropical and extra-tropical storms in the North Atlantic. The dataset covers hourly wind and wave parameters
and includes consideration of periods with sea ice coverage. Ice concentration data considered are mean
monthly values through 1961 inclusive and Canadian Ice Service (CIS) mean weekly ice concentrations for
1962 onwards. Given the poorer resolution of ice information data from 1954 to 1961, this period of the
MSC50 dataset was excluded from the present analysis. The 1962 to 2018 periods are considered for
winds and waves (refer to Section 5.3.3).

The overall resolution of MSC50 hindcast data grid points (nodes) is high, with one point every 0.1° latitude
by 0.1° longitude (approximately 7.4 km east-west and 11.2 km north-south near 47°N). To provide a
characterization of wind (and wave — see Section 5.3.3) conditions, one node M6010432 at 46.4°N, 48.8°W
in a water depth of 67.4 m in the centre of the Project Area was selected; the node location is shown in
Figure 5-3. In addition to the MSC50 wind and wave hindcast data node, Figure 5-3 also shows the locations
of Ocean Data Inventory (ODI) current (Section 5.3.2) measurements and previously drilled oil and gas
exploration wells (C-NLOPB 2019).

The MSC50 wind speeds are 1-hour average wind speeds for a height of 10 m above sea level. Wind speed
measurements are frequently averaged over shorter durations (e.g., 10 minutes for marine reports and two
minutes for aviation, and a one- minute average is used for the categorization of tropical cyclones). Wind
gusts are typically for one and three second durations. Several formulas (e.g., International Standards
Organization 2015) can be used to scale winds to averaging times less than one hour and for different
reference elevations, (e.g., between 10 m and drilling installation anemometer height or vice versa). These
are routinely applied in design criteria studies applying measured and hindcast wind data sets.

Wind conditions are summarized with monthly and annual statistics for MSC50 node M6010432 are
presented in Table 5.1. Monthly mean hourly wind speeds range from 6.1 m/s in July to 11.0 m/s in January
with winds most frequently from the west in fall and winter and from the southwest in spring and summer.
Monthly maximum wind speeds range from 19.2 m/s in July (from the west) to 32.4 m/s in February (from
the northwest).
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Table 5.1 Monthly and Annual Wind Statistics, MSC50 Node M6010432 (1962-2018),

Location ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec | Year

Mean Wind Speed (m/s)

M6010432 | 110 | 108 | 98 [ 83| 70 |66 | 61|64 | 75| 88| 95 |106] 85

Most Frequent Direction (from)

Meo10432 | w | w | w [sw| sw |sw sw|[sw |sw|w ]| w | w][ sw

Maximum Wind Speed (m/s)

M6010432 | 288 | 324 | 276 [ 255 | 212 | 227 | 192|263 | 251|274 | 273 | 271 | 324

Direction of Maximum Wind Speed (from)

meo10432 | w | nw | nw [ N [ nw [aw ] w s [ s s | w | w][ nw

Source: M6010432 based on DFO (2022)

Monthly and annual directional wind distributions for node M6010432 are shown in the wind roses of Figures
5-4 and 5-5. A wind rose illustrates the percent frequency of distribution of wind direction and wind speed,
for a given time period (e.g., annually, or a given month), as well as the distribution of wind speed within
each directional sector or bar. Bars represent the total percentage frequency of winds observed from each
direction. Each circle equals 10% (e.g., 10% of winds are from the south). The total bar length represents
the total percent occurrence of winds from that direction (e.g., a bar of length of 29% for January in Figure
5-4 pointing to the left shows 29% of winds are from the west. Each section of a wind rose bar corresponds
to winds of a given speed range or bin, with bins being the noted 6, 12, ..., 36 m/s in size. The section
length (radial distance out from the middle of the rose) is the percentage of all observations that are in a
given wind speed range, for the given direction. The section widths increase in size as wind speed
increases, after the first and third sections, and as the bar extends out from the origin. The length of the
first bar section represents the percentage of observations in the wind speed range 0 to 6 m/s, the length
of the second bar section represents the percentage of observations in the range 6 to 12 m/s and so on. A
bar with six sections will therefore report a percentage of observations up to the largest wind speed range
of 30 to 36 m/s.

The seasonal picture of predominantly southwest winds in the summer with a shift to stronger, more
westerly and northwesterly winds in fall and winter is evident. In July winds are from the southwest for 38%
of the time and from the southwest quadrant 76% of the time. In January winds are from the west 29% of
the time and from the southwest through northwest quadrant for 66% of the time. Wind directions are more
uniformly distributed during spring (e.g., April) ranging from 8% of winds being from the northeast to 17%
and 18% from the west and southwest, respectively.

The predominance of westerly winds is evident in Figure 5-5 with winds from the southwest through
northwest 57% of the time compared for example with winds from northeast through southeast for just 20%
of the time.
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Source: Based on DFO (2022)
Figure 5-4  Monthly Wind Roses, MSC50 Node M6010432, 1962-2018
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M6010432 (46.40 N 48.80 W), 1962-2018

_ 40%
30 :
Wind Speed (m/s)
0 6 12 18 24 30 36

—:ﬂ:-

Source: Based on DFO (2022)
Figure 5-5  Annual Wind Rose, MSC50 Node M6010432, 1962-2018

5.2.2 Air and Sea Surface Temperature

Atmospheric properties over the ocean surface, including air and sea surface temperature, precipitation,
and visibility have been characterized using the International Comprehensive Ocean-Atmosphere Data Set
(ICOADS). ICOADS represents the most extensive available database of observations of atmospheric and
sea conditions. The dataset consists of global marine observations recorded from 1962 to the present,
compiled by the United States National Centre for Atmospheric Research (Freeman et al. 2017).

To characterize conditions within the Project Area, air temperature, sea surface temperature, precipitation
and lightning, visibility and marine icing conditions, have been characterized by selecting all ICOADS
observations within the Project Area for the period 1 January 1980 to 30 June 2019 (Research Data Archive
et al. 2019). The resultant data points shown in Figure 5-6 illustrate good spatial coverage of the Project
Area. The monthly number of observations for the various climatology and marine icing parameters are
listed in the respective monthly statistics tables. Temporal coverage is also good, with several thousand
observations present for each year from 1980 to 2019 and typically several hundred each year-month, the
exception being several years from 1989 to 1996 with frequently less than 1,000 observations. Overall, this
data set provides a good climatology characterization.
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Tilt Cove Exploration Drilling Project Area

46°N

30

Source: based on Research Data Archive et al. (2019)

Figure 5-6  Location of ICOADS Observations, Project Area, 1980-2019

Monthly air temperature statistics for the Project Area are presented in Table 5.2 and Figure 5-7. Air
temperature exhibits strong seasonal variations, with mean temperatures ranging from -0.4°C in January
to 14.5°C in August. The coldest observed air temperature on record (-13.6°C) was in February with
minimum temperatures in June of -1.0°C. The highest observed temperature is 23.0°C in July with
maximum temperatures of 15.5°C in January.

Monthly sea surface temperature statistics for the Project Area are presented in Table 5.3 and Figure 5-8.
Sea surface temperature exhibits a strong seasonal variation, with mean temperatures fairly constant
between 0.4 to 1.2°C from January through April, then warming to 6.1°C by June and 14.1°C by August.
Cooling from the atmosphere reduces mean temperatures to 10.1°C by October and 3.2°C by December.
The coldest observed sea surface temperature is -2.8°C in February with the warmest being 22.4°C in
September.
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Table 5.2 Monthly Air Temperature (°C) Statistics (ICOADS), Project Area, 1980-
2019
Month Mean Max Min Std Dev Number of Values

Jan 0.3 155 -12.8 3.2 14,206

Feb -0.4 14.6 -13.6 3.2 13,000

Mar 0.3 13.1 -11.0 29 14,038

Apr 1.9 13.0 -6.5 2.5 13,993

May 4.2 15.0 -5.0 24 15,588

Jun 7.3 20.5 -1.0 2.5 15,286

Jul 12.2 23.0 1.2 2.6 14,885

Aug 14.5 22.5 7.0 2.2 14,719

Sep 12.9 225 1.4 25 14,025

Oct 9.3 21.2 -0.7 3.0 14,587

Nov 55 16.1 -4.6 3.1 14,371

Dec 2.3 16.5 -10.2 3.3 13,597
Source: based on Research Data Archive et al. (2019)
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Table 5.3 Monthly Sea Surface Temperature (°C) Statistics (ICOADS), Project Area,

1980-2019
Month Mean Max Min Std Dev Number of Values

Jan 1.2 12.3 -2.4 1.2 13,782
Feb 0.5 11.6 -2.8 1.0 11,966
Mar 0.4 13.8 -2.7 1.0 13,603
Apr 1.0 10.8 -1.9 1.1 13,060
May 3.1 12.7 -2.0 1.7 15,542
Jun 6.1 17.0 0.1 1.8 18,110
Jul 10.7 20.2 0.9 2.2 18,391
Aug 14.1 22.0 6.6 2.0 15,546
Sep 13.6 224 1.6 21 14,383
Oct 10.1 19.3 0.5 24 14,393
Nov 6.1 17.0 -1.8 2.2 13,654
Dec 3.2 14.0 -2.0 1.9 12,856
Source: based on Research Data Archive et al. (2019)
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1980-2019

6 SUNCOR )

5-12



SUNCOR EXPLORATION DRILLING PROJECT: ENVIRONMENTAL IMPACT STATEMENT

5.2.3 Precipitation

The ICOADS database contains observations of several precipitation types and thunderstorm occurrence.
The weather state is recorded and categorized as an event based on the type (but not the amount) of
precipitation during that event. The frequency of occurrence of the different precipitation types and
thunderstorms have been calculated as a percentage of the total monthly and annual weather observations
for the same data set described in Section 5.2.2 for air and sea surface temperature, with observations
spanning 1 January 1980 to 30 June 2019.

A degree of variability of precipitation patterns within localized regions of the overall Project Area is
expected. The statistics shown below in Table 5.4 are the percentage of a certain distinct weather states
(e.g., rain, thunderstorms, hail) for weather reports available on record for that month. The weather states
have been consolidated from 50 different ICOADS classifications, separating (without overlap) rain from
freezing rain and snow (although some overlap may exist between these states and mixed rain/snow, halil,
and thunderstorm, which represent a small percentage of the data). The frequency of occurrence (i.e., the
percent of time the given condition(s) occurs), in a given month (or annually) can most closely be
characterized as representing unspecified periods of time, for a percentage of all days.

For the Project Area, the ICOADS data indicate that most of the observed precipitation events are in the
form of rain, snow, and drizzle, while other precipitation types, such as mixed rain, freezing rain, and hail,
occur less frequently. Rain occurs approximately 9 to 15.3% of the time for all months of the year and
occurs annually 11.7% of the time. Snow is most likely to occur in February at 16.3% of the time but may
reach 2.9% as early as November and 3.7% as late as April, and is an annual occurrence 4.9% of the time
(Table 5.4, Figure 5-9). Hail is infrequent for the Project Area occurring greater than 0.1% of the time from
October through April with the greatest occurrence at 0.5% in January. Thunderstorms can occur any time
of the year, albeit infrequently. The occurrence of thunderstorms is greatest at about 0.1% in August (Table
5.4, Figure 5-10).
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Table 5.4 Frequency of Occurrence (%) of Precipitation and Thunderstorms

(ICOADS), Project Area, 1980-2019

Rain / Free_zing Rain / _ Number

Drizzle Rr?un / Snow Snow Hail Thunderstorm | of Values

Month Drizzle Mixed

Jan 10.9 0.5 0.3 15.3 0.5 0.02 13,264
Feb 9.0 0.9 0.2 16.3 0.2 0.0 12,382
Mar 9.6 1.2 0.2 10.3 0.2 0.02 13,003
Apr 11.7 0.4 0.1 3.7 0.1 0.01 13,001
May 11.4 0.08 0.03 0.7 0.03 0.0 14,272
Jun 11.8 0.0 0.02 0.03 0.01 0.03 13,880
Jul 10.3 0.0 0.07 0.07 0.03 0.07 13,780
Aug 11.0 0.01 0.1 0.1 0.02 0.1 12,895
Sep 11.4 0.01 0.02 0.03 0.0 0.02 12,122
Oct 15.3 0.02 0.05 0.3 0.1 0.0 12,450
Nov 15.2 0.06 0.2 2.9 0.4 0.03 12,504
Dec 12.5 0.2 0.3 9.3 0.4 0.01 12,830
Annual 11.7 0.3 0.1 4.9 0.2 0.03 156,383

Source: based on Research Data Archive et al. (2019)
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Figure 5-9  Frequency of Occurrence (%) of Precipitation by Type (ICOADS), Project

Area, 1980-2019
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Figure 5-10 Frequency of Occurrence (%) of Thunderstorm and Hail (ICOADS), Project
Area, 1980-2019

5.24 Icing

Marine rime icing, most frequently from freezing spray, is a marine condition that can hinder and limit
shipboard or production installation activities and increase a vessel's weight and alter its centre of gravity.
Freezing spray is most likely to occur from November through April. Air temperatures must be lower than -
2°C to produce freezing spray in salt water. Icing conditions worsen with colder temperatures, high winds,
and large waves (Bowyer 1995).

A standardized way to determine the potential ice build-up rate has been developed by Overland (1990),
which bases an algorithm on empirical observations and the heat balance equation of an icing surface. This
algorithm has been used to derive estimates of icing potential by using concurrent air and sea temperature
and wind speed data from ICOADS. The results have been sorted into four different categories based on
the severity (light, moderate, heavy, and extreme) and are summarized below.

The icing potential for vessels in the Project Area (Figure 5-11) is greatest in February approaching 32%,
with a 24% likelihood in January, 21% in March, 11% in December and 5% in April. The frequency of
occurrence for moderate, heavy, or extreme icing potential is greatest in February at 11%. Extreme icing
potential is greatest in February at 1.8%. No icing potential is reported for June through October. Annually,
the frequency of occurrence of icing is 7.2% with 5.0% of that being light icing.
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Figure 5-11 Icing Potential (ICOADS), Project Area, 1980-2019
5.2.5 \Visibility

The Project Area and surrounding areas have some of the highest occurrence rates of marine fog in North
America, which in these regions is commonly advection fog. Advection fog is formed when warm moist air
flows over a cold surface, such as the cold northwest Atlantic Ocean, and persists for days or weeks. This
type of fog is most prevalent in spring and summer. Visibility is affected by the presence of fog, the number
of daylight hours, as well as frequency and type of precipitation.

Visibility from the ICOADS dataset (observations span 1 January 1980 to 30 June 2019) has been classified
as very poor (<0.5 km), poor (0.5 to 1 km), fair (1 to 10 km) or good (greater than 10 km). For offshore
flying, helicopters need visual confirmation at 0.25 NM (approximately 0.5 km) out and need a visibility of 1
km, or greater, to land. Fog and visibility conditions and seasonal variability are expected to vary across
the Project Area.

As shown in Table 5-5 and Figure 5-12, visibility within the Project Area varies considerably throughout the
year. Annually, visibility is very poor 18% of time, poor 3% of the time, fair 17% of the time, and good 62%
of the time. The best visibility occurs from September through March when fair or good visibility (greater
than 1 km) occurs approximately 87 to 91% of the time each month. From April through August poor visibility
(less than 1 km) occurs from 24% (in April) to 49% (in July) of the time monthly, averaging 34% of the time
during these months. Visibility is poorest in July with very poor visibility (<0.5 km) occurring 45% of the time.
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Table 5.5 Monthly and Annual Frequencies (%) of Occurrence of Visibility
(ICOADS), Project Area, 1980-2019
Very Poor Poor Fair Good Number of

Month (<0.5 km) (0.5-1km) (1 -10km) (>10 km) Values
Jan 7.3 2.3 18.9 71.5 16,465
Feb 8.9 2.6 20.3 68.3 14,708
Mar 10.5 2.7 19.3 67.6 16,397
Apr 20.3 3.4 18.6 57.7 15,660
May 26.3 4.7 17.2 51.8 17,339
Jun 33.2 4.9 17.7 44.3 19,731
Jul 44.6 4.7 14.9 35.9 20,182
Aug 22.6 3.2 15.5 58.7 17,282
Sep 11.5 1.8 13.3 73.4 16,007
Oct 8.6 1.4 13.7 76.3 15,955
Nov 9.7 2.0 15.6 72.7 15,341
Dec 7.8 1.7 17.6 72.9 14,714
Annual 17.9 3.0 16.9 62.3 199,781

Source: based on Research Data Archive et al. (2019)
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5.2.6 Lightning

Lightning is an electrical discharge most commonly produced in thunderstorms, usually accompanied by
thunder. It occurs in clouds with vigorous convection where enough electrical charge is separated through
the movement of cloud droplets and precipitation particles. By its nature, lightning is a localized
phenomenon and, as a result, it is one which is difficult to accurately represent in numerical models.
Measurements are available from the Canadian Lightning Detection Network; however, this is a land-based
network, with coverage extending only to eastern NL (i.e., the Grand Banks is on the far eastern edge of
the network).

The available lightning statistics from ECCC for eastern Canada provide some indication of conditions over
the western portion of a vessel traffic route (ECCC 2016). This includes average dates for the beginning
and ending of lightning season for eastern Canada as shown in Figure 5-13. Lightning occurs virtually year-
round offshore Newfoundland (south of Newfoundland the lightning season starts in January, blue, and
ends in December, red [Figure 5-13]). During winter, stronger strikes are possible.

5.2.7 Tropical Systems

While hurricanes making landfall in Newfoundland and Labrador are relatively rare occurrences, tropical
systems, whether they are weakened hurricanes, tropical storms or post-tropical storms, do affect portions
of the province and the marine offshore once or twice each year on average. These storms are tropical
cyclones, “the generic term for non-frontal synoptic scale low-pressure systems over tropical or sub-tropical
waters with organized convection (i.e., thunderstorm activity) and definite cyclonic surface wind circulation”
(Holland 1993). Tropical depressions are tropical cyclones with maximum sustained surface wind speeds
of less than 34 knots (17 m/s, 39 mph). Once wind speeds reach at least 34 knots these tropical cyclones
are typically called tropical systems, and at 64 knots (33 m/s, 74 mph) are called hurricanes.

Hurricanes and tropical systems feed off warm ocean waters south of the Gulf Stream. Tropical systems
tend to weaken considerably once they approach Newfoundland and Labrador due to the colder water
temperatures. On occasion, tropical storms and hurricanes maintain their strength or weaken slowly as they
approach the province for various reasons. Two important possibilities for stronger tropical systems
affecting this area are the forward speed of the system and sea surface temperature anomalies. If the
tropical storm/hurricane is travelling at a higher than average speed, the system does not have time to
weaken, despite the cooler waters entering its core. Also, if sea surface temperatures south of
Newfoundland are warmer than average (especially late in the summer and in early fall), the storm may be
able to survive slightly longer as it approaches Atlantic Canada.
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Figure 5-13 Average Start (top) and End (bottom) Dates of the Lightning Season for
Eastern Canada, 1999-2013
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Post-tropical storms are former tropical cyclones that no longer possess sufficient tropical characteristics
to be considered a tropical cyclone yet can continue carrying heavy rains and high winds. One such class
of post-tropical cyclone is an extra-tropical cyclone, a storm system that primarily gets its energy from the
horizontal temperature contrasts that exist in the atmosphere. The storm obtains characteristics of extra-
tropical (northern latitude) storms, developing frontal systems or merging with existing low pressure
systems that have frontal systems. That is, the energy of the storm changes from being mainly due to the
heat and moisture of the warm waters of the South Atlantic to energy due to cold versus warm air
temperature contrasts. Extra-tropical cyclones often retain energy due to high moisture content and deep
convection; this energy can be released into kinetic energy (winds) when a significant pool of cold air moves
into the west side of the storm. For this reason, extra-tropical cyclones are often more volatile than ‘typical’
extra-tropical storms and can regenerate in intensity, often very rapidly.

Tropical systems can affect the Newfoundland offshore anytime during the Atlantic hurricane season (June
1 to November 30), but most activity generally occurs in the late summer to early fall. One of the main
reasons for the increased activity during this time of year is the shift of the Bermuda High to the east,
allowing systems over the Caribbean to track northward towards Atlantic Canada. The Bermuda High is a
dominant ridge of high pressure over the Atlantic typically centered near Bermuda, which guides weather
systems over the southern Atlantic Ocean towards the southeastern United States, and provides the
dominant southwesterly flow to Eastern Canada during the summer. The sea surface temperatures south
of Newfoundland typically reach their peak in late September, allowing systems that approach from the
south to maintain their strength as they track towards Newfoundland.

The tropical storm history near the Project Area is provided from inspection of the tropical cyclone re-
analysis database HURDAT2 which includes best-track estimates at 6-hourly intervals for tropical cyclone
activity in the North Atlantic for the period 1851 to 2021 (National Hurricane Center [NHC] 2022a, 2022b).

Figure 5-14 shows the historical tracks of all tropical cyclones passing within 150 NM (278 km) of 46.4°N,
48.8°W near the Project Area centre, for the past 30 years of record, 1992 to 2021. Acknowledging the size
of hurricanes can vary considerably, typical hurricanes may be on the order of 300 miles wide. Based on
analysis of 1999-2009 storms in the North Atlantic, Chavas et al. (2016) calculated a mean storm radius
size of approximately 274 km (148 NM).
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Figure 5-14 Tropical Cyclones Passing within 150 n.mi. of 46.4°N, 48.8°W, 1992-2021

During the period 1992 to 2021, 37 storms passed through the selected region near the Project Area, 24 of
them as extra-tropical cyclones. A storm summary is presented in Table 5.6 showing the dates of nearest
approach and largest maximum sustained surface winds associated with any storm track position within
the 150 NM of 46.4°N, 48.8°W (approximated by 44.0° to 49.0°N, 45.0° to 52.5°W). The 37 storms include
4 in July, 6 in August, 11 in September, 11 in October, and 2 in November. Five of the 37 storms were of
hurricane strength when they passed near the Project Area, Gonzalo in 2014 being the most recent, which
passed 50 NM to the northwest of the Project Area midday on 19 October 2014 (Figure 5-15). Also in 2014,
Cristobal passed farther southeast of the Project Area on 29 August as an extratropical cyclone (after
transitioning from a category 1 hurricane over the southern Grand Banks) with wind speeds of 65 knots.
Bertha passed through the region as an extratropical (or post-tropical) storm with speeds of 40 knots on 7
August 2014. Prior to Gonzalo in 2014 the last hurricane tracking near the Project Area was Alex on the
morning of 6 August 2004 with maximum sustained surface winds of 75 knots. The most recent tropical
cyclone to pass near the Project Area was tropical cyclone Epsilon on 25 Oct 2020 with maximum sustained
winds of 60 knots.
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Table 5.6 Maximum Sustained Surface Wind (knots) of Tropical Cyclones Passing
within 150 NM of 46.4°N, 48.8°W, 1992-2021

Storm (status) Jul Aug Sep Oct Nov

FRANCES 1992 (TS) 60

FLOYD 1993 (HU) 65

FELIX 1995 (TS) 50

CHANTAL 1995 (EX) 50

IRIS 1995 (EX) 60

HORTENSE 1996 (EX) 35

DANNY 1997 (EX) 30

BONNIE 1998 (EX) 45

DANIELLE 1998 (HU) 65

GERT 1999 (EX) 60

IRENE 1999 (EX) 80

HELENE 2000 (TS) 45

DEAN 2001 (EX) 45

GABRIELLE 2001 (EX) 60

NOEL 2001 (EX) 50

FABIAN 2003 (HU) 70

KATE 2003 (TS) 60

GASTON 2004 (EX) 45

ALEX 2004 (HU) 75

FRANKLIN 2005 (EX) 40

WILMA 2005 (EX) 40

FLORENCE 2006 (EX) 65

ISAAC 2006 (EX) 55

CHANTAL 2007 (EX) 55

LAURA 2008 (LO) 40

BILL 2009 (TS) 60

KATIA 2011 (EX) 75

OPHELIA 2011 (EX) 45

CHRIS 2012 (EX) 40 (June)

RAPHAEL 2012 (EX) 55

BERTHA 2014 (EX) 40

GONZALO 2014 (HU) 70

CRISTOBAL 2014 (EX) 65

GERT 2017 (EX) 50

RINA 2017 (LO) 40
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Table 5.6 Maximum Sustained Surface Wind (knots) of Tropical Cyclones Passing
within 150 NM of 46.4°N, 48.8°W, 1992-2021
Storm (status) Jul Aug Sep Oct Nov
MICHAEL 2018 (EX) 65
EPSILON 2020 (TS) 60
Total 4 9 11 11 2

Source: based on NHC 202219a

Status legend:

EX - Extratropical cyclone (of any intensity)

HU - Tropical cyclone of hurricane intensity (> 64 knots)

LO - A low that is neither a tropical cyclone, a subtropical cyclone, nor an extratropical cyclone (of any intensity)
SS - Subtropical cyclone of subtropical storm intensity (> 34 knots)

TD — Tropical cyclone of tropical depression intensity (< 34 knots)

TS - Tropical cyclone of tropical storm intensity (34-63 knots)
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Figure 5-15 2014 Storm Tracks
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53 Physical Oceanography

The physical oceanography setting for the Project Area is described in terms of bathymetry, ocean currents,
waves, extreme winds and waves, tides, storm surge and water properties.

Additional details for the larger Eastern Newfoundland Offshore Area and regions between St. John’s and
the Project Area are provided in the Eastern Newfoundland SEA, Section 4.1 (IAAC 2021).

5.3.1 Bathymetry

The bathymetry of the Project Area and surrounding region is generally well known (Figure 5-16). The
Project Area is located on the Grand Banks of Newfoundland and extends from 240 km from St. John’s in
the northwest to 400 km from St. John’s in the southeast. The Project Area is shallowest to the southwest
with depths ranging from approximately 60 to 80 m and deepens to approximately 120 m to the east. The
200 m depth contour lies at the southeast corner of the Project Area and is approximately 40 to 50 km east
of the Project Area to the north.

Approximately 150 km to the northeast of the Project Area lies the Sackville Spur which extends the nose
of the Grand Banks at depths of up to 1,000 m. To the east of the Grand Banks lies the Flemish Pass, with
depths of almost 1,300 m. On the eastern side of the Flemish Pass, water depths rise again to the Flemish
Cap, a large bathymetric feature of approximately 50,000 km2 with depths rising back up to approximately
130 m. The Flemish Pass extends to the northeast, remaining at depths of approximately 1,000 to 1,100
m, and separates the Orphan Basin to the northwest and the Flemish Cap to the east. Water depths in the
Orphan Basin range from approximately 1,200 m at the edge of the continental shelf to as deep as 3,300
m south of the Orphan Knoll. The Orphan Knoll lies about 100 km to the northeast, in water depths of
around 2,000 m, and is a bathymetric high in the centre of the Orphan Basin. The Labrador Basin and deep
ocean lie farther offshore to the north and east of the Orphan Basin and Flemish Cap, with depths from
approximately 3,000 m to greater than 4,000 m.
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5.3.2 Ocean Currents

The cold Labrador Current dominates the general circulation over the Eastern Newfoundland Offshore
Area. The Labrador Current is divided into two streams: an inshore branch that flows along the coast on
the continental shelf; and an offshore branch that flows along the outer edge of the Grand Banks (Figure
5-17). The Labrador Current’s inshore branch tends to flow mainly in the Avalon Channel closely along the
coast of the Avalon Peninsula but may sometimes also spread farther out on the Grand Banks. The offshore
branch flows over the upper Continental Slope at depth, and through the Flemish Pass with depths almost
to 1,300 m.

The offshore Labrador Current (which remains bathymetrically trapped over the upper Continental Slope)
has average speeds of approximately 40 cm/s carrying approximately 85% of the total transport, mainly
between the 400 and 1,200 m isobaths (Lazier and Wright 1993). Over areas of the Grand Banks with water
depths less than 100 m, such as the southwest region of the Project Area, the mean currents are generally
weak (less than 10 cm/s) and flow southward, dominated by wind-induced and tidal current variability
(Seaconsult Ltd. 1988). Warm Gulf Stream waters are generally located south of the Grand Banks, but do
on occasion move north onto the southern edge of the banks.

Bl S B

MEAN WATER CURRENTS
COURANTS MARINS MOYENS

Legend / Légende

Light Faible
(1t0 4 n mi iday) (14 &0 midour)

Moderate Wodéré
(508 n mijday) (54 9n miJour)
Strong Fort
{10+ n misday) (104 n i four}

Scale f Echelle
100 60 0 100 200 300 km

Canadi

Source: Based on CIS (2011)

Figure 5-17 Mean Water Currents
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For a characterization of currents over the Project Area, current meter measurement statistics from the
Bedford Institute of Oceanography (BIO) ODI (Gregory 2004) database are reported. The database consists
of all current meter records that have a record length of at least five days within a given month. The
database was queried for the area extending from 45°N to 48°N, 47°W to 50°W (DFO 2019a) and values
were further subset to include those just within the Project Area.

A total of 674 monthly current statistic records were returned for the Project Area, from 223 mooring stations
at instrument depths ranging from 1 to 126 m. These measurements are limited to the northeastern
guadrant of the Project Area as shown in Figure 5-3. The 674 monthly mean and maximum currents speeds
are shown in Figure 5-18.
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Figure 5-18 Mean and Maximum Ocean Currents, Project Area

Statistics based on the monthly mean and monthly maximum current speeds are summarized in Table 5.7
based on depth, and in Table 5.8 based on month. The average of all monthly mean current speeds is on
the order of 4 cm/s for all depths with maximum monthly mean speeds ranging from 9.9 cm/s for depths
greater than 100 m to 24.6 cm/s for a near-surface depth bin of 0 to 30 m. The average of all monthly
maximum current speeds is on the order of 36 cm/s for all depths with monthly maximum speeds of 96 to
109 cm/s for instrument depths above 60 m (Table 5.7). Current speeds are generally greatest in the late
summer through early winter with average monthly mean speeds up to 5.3 cm/s in October and maximum
monthly mean speeds of 24.6 cm/s in September; corresponding spring values are approximately one half.
The average monthly maximum current speeds range from 25.7 cm/s in April to 43.6 cm/s in November,
with monthly maximum speeds of 109.3 cm/s in August (Table 5.8).
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Table 5.7 Mean and Maximum Ocean Currents, by Depth, Project Area
Instrument Mean Current Speed (cm/s) Maximum Current Speed (cm/s) Number of
Depth Minimum Average Maximum | Minimum Average Maximum I\\/I/(;?ngsy

0to30m 0.20 5.0 24.60 2.60 46.8 109.3 167
30to 60 m 0.20 4.0 21.70 13.50 37.7 95.5 234
60 to 100 m 0.10 2.4 15.80 2.90 27.6 69.5 249
100 to 200 m 0.70 3.5 9.90 13.00 24.8 50.3 24
Total 0.10 3.7 24.60 2.60 35.8 109.3 674
Source: Based on DFO (2019b)

Table 5.8 Mean and Maximum Ocean Currents, by Month, Project Area

Month Mean Current Speed (cm/s) Maximum Current Speed (cm/s) Number of
Minimum Average Maximum | Minimum Average Maximum '\c;;mglsy

Jan 0.20 45 20.60 2.60 37.4 78.6 53
Feb 0.40 4.7 18.40 10.20 36.6 63.7 45
Mar 0.30 3.4 15.90 8.70 345 55.3 30
Apr 0.10 3.0 17.00 10.20 25.7 52.2 40
May 0.10 25 11.00 14.50 27.4 67.3 69
Jun 0.20 29 11.50 2.90 33.3 82.4 66
Jul 0.30 2.7 13.40 13.00 32.6 65.6 79
Aug 0.20 2.8 16.10 16.10 34.3 109.3 68
Sep 0.20 3.4 24.60 16.60 41.5 96.2 63
Oct 0.10 53 23.00 16.40 40.6 77.4 64
Nov 0.60 5.0 21.70 18.40 43.6 77.9 52
Dec 0.80 4.9 12.80 23.20 43.1 95.5 45
Source: Based on DFO (2019b)

A further illustration of currents in the Project Area is provided by the WebDrogue CECOM (Canadian East
Coast Ocean Model) model (DFO 2015a), and tidal predictions for a full year derived from the WebTide
model (DFO 2015b).

Wu et al. (2012) conducted an extensive comparison of the CECOM model results and 11 years of
observational data, including both qualitative visual comparisons, and quantitative methods based on
statistical analysis. Their comparisons indicated that the main circulation features from the observations
were successfully reproduced by the model. Furthermore, the comparison indicated particularly good levels
of agreement between model predictions and observations in the regions of the Labrador Shelf,
Newfoundland Shelf, and the Flemish Pass, with a mean correlation coefficient of 0.91 (ideal value is 1)
across all seasons and depths within the Flemish Pass, and an average ratio of kinetic energy difference
to the observations of 0.12 (where a lower value is better, and the value of 0.5 indicates "a fair agreement").
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The models yield currents at five depth levels: surface, 100 m, 500 m, 1,000 m and bottom. To provide an
illustration of the range of current speeds for the Grand Banks and Flemish Pass region, spring and fall
conditions (when speeds are generally least and greatest) are shown for surface and bottom depths (the
two of the five depth levels most relevant for the Project Area) in Figures 5-19 to 5-22; closer views of fall
currents focusing on the Project Area are shown in Figures 5-23 and 5-24.

Modelled surface current speeds are less than 10 cm/s over most of the Project Area, only reaching as high
as 20 to 25 cm/s in the southeast corner of the Project Area. Bottom currents are about half the magnitude
of the surface current speeds. Mean currents, light as they are, are predominantly to the south or south-
southwest. Much greater speeds of the Labrador Current of 30 to 50 cm/s and above are evident in the
Flemish Pass to the east.
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Figure 5-19 Spring, Surface Currents
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Spring - Bottom Layer Currents [m/s]

49 -

48
L o4
S 47
=
[}
o L 103
=
=
b
T 46
L o2
45|

-53 -52 -51 -50 -49 -48 -47 -46 -45 a4
Longitude [deg]

Source: based on WebDrogue CECOM (DFO 2015a), WebTide (DFO 2015b)

Figure 5-20 Spring, Bottom Currents
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Fall - Surface Layer Currents [m/s]
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Figure 5-21 Fall, Surface Currents
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Figure 5-22 Fall, Bottom Currents
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Figure 5-23  Fall, Surface Currents, Magnified to View EL 1161
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Fall - Bottom Layer Currents [m/s]
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Figure 5-24 Fall, Bottom Currents, Magnified to View EL 1161

5.3.3 Wave Climatology

The wave climate within the Project Area has been characterized by descriptive statistics derived from the
MSC50 wind and wave hindcast dataset (DFO 2022). The wave hindcast was conducted by using the wind
field reanalysis to force a third-generation wave model (Swail et al. 2006) over the north Atlantic Ocean.
The model used was Oceanweather's OWI-3G, adopted onto a 0.5 degree grid on a basin-wide scale.
Inscribed in the 0.5 degree model was a further refined 0.1 degree shallow water implementation of the
OWI-3G model, which allowed for shallow water effects to be accounted for in the maritime region. The
MSC50 methodology and results have been extensively documented and validated (Swail and Cox 2000;
Woolf et al. 2002; Caires et al. 2004).

As presented earlier for wind conditions, the MSC50 grid point M6010432 located in the centre of the Project
Area is taken as representative of the Project Area (see Figure 5-3). This provides a general indication of
wave conditions, however, is not intended as a substitute for detailed oceanographic information for design
or operational purposes.
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The wave climate is described in terms of the significant wave height (Hs, defined as four times the square
root of the total variance of the wave energy spectrum), and the peak wave spectral period (Tp, defined as
the period of waves with the highest contribution to the energy spectrum). Ocean waves are created by
wind at the air / water interface. Winds are caused by dominant local and regional weather systems and
exhibit a pronounced seasonal variability. Wind waves (or sea) will be generated in the immediate area of
wind, developing quickly within an hour. Swells are remnants of the wind waves after they propagate away
from where they were generated. Swells are long waves that contain a lot of wave energy and can take
days to subside. The range of wave periods for wind waves and swells overlap considerably with wind
waves having periods up to 15 seconds (s) for large wind speeds, while swells of 5 seconds are possible.

Table 5.9 presents monthly wave height and wave period statistics for MSC50 node M6010432. Mean wave
heights range from approximately 1.7 m in July to 4.0 m in January. The most severe sea states, above 12
m, occur during December through February with maximum significant wave heights of up to 14.0 m in
February. These maximum wave heights are reported for directions from southwest. Associated wave peak
periods are 15 to 16 s. In contrast, maximum significant wave heights are less than half of this (6.1 m) in
July, with associated peak periods of 11 s.

Monthly and annual wave roses for node M6010432 are shown in Figures 5-25 and 5-26. A general
description of roses is provided in Section 5.2.1 for the directional distribution of winds. Wave roses for the
directional distribution of significant wave height can be similarly interpreted.

Waves are predominantly from the southwest from spring through summer and shifting to the southwest
through northwest for fall and winter. In July, waves are from the southwest 51% of the time and from the
south through west 83% of the time. July waves are 3 m or less 97% of the time and above 5 m just 0.2%
of the time. In January, waves are predominantly from the west, 25% of the time, and from the southwest
through northwest 63% of the time. January waves are 3 m or less 26% of the time and above 5 m for 20%
of the time. Significant wave height values are in the 1 to 5 m range, annually, 90% of the time; peak wave
period values are in the 5 to 16 s range 95% of the time.
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Table 5.9 Monthly and Annual Wave Statistics, MSC50 Node M6010432, 1962-2018
Location ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec | Year
Mean Hs (m)

Me010432 | 40 | 38 |32 | 27 |22 |19 | 17| 18] 23| 29] 33 |39] 28
Mean Tp (s)
M6010432 | 103 [ 100 | 94 | 90 |85 |79 | 77| 77|87 | 93| 97 |102] 90
Most Frequent Direction (from)
Me010432 | w | w [ sw| sw [sw|sw|sw|sw|[sw|w]|[ nw | w][sw
Maximum Hs (m)
M6010432 | 123 [ 140 [ 110 | 108 | 97 [ 94 | 61 | 88 [ 110|114 120 | 129 140
Tp of Maximum Hs (s)
M6010432 ‘ 14.9 \ 15.9 ‘ 14.4 ‘ 14.3 ‘ 13.8 ‘ 13.0 ‘ 10.8 ‘ 13.3 ] 14.2 ‘ 14.4 ‘ 14.4 ‘ 15.5 | 15.9
Maximum Tp (s)
M6010432 ‘ 17.3 | 17.1 ‘ 17.7 ‘ 17.1 ‘ 17.3 ‘ 14.1 ‘ 17.2 ‘ 17.4 | 17.3 ‘ 17.6 ‘ 15.9 ‘ 17.3 | 17.7
Direction of Maximum Hs (from)
M6010432 | SW | SW | SwW SW NW | NW | NW | SW | SW | SW W SW | SW
Source: M6010432 based on DFO (2019b2022), M6011422 (Husky Energy 2018)
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Source: Based on DFO (2022)
Figure 5-25 Monthly Wave Roses, MSC50 Node M6010432, 1962-2018
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M6010432 (46.40 N 48.80 W), 1962-2018
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Figure 5-26 Annual Wave Rose, MSC50 Node M6010432, 1962-2018

5.3.4 Extreme Winds and Waves

To estimate extreme wind and wave conditions, extremal analysis was performed with the MSC50 node
M6010432 (see also Section 5,2,1 and 5.3.3) to determine the highest expected values for wind speed, and
significant wave height. The analysis was based on the Gumbel distribution to which the data were fitted
using the maximum likelihood method. The analysis includes both tropical and extra-tropical storms over
the entire period. The Gumbel fit is done using the maximum likelihood method. Lower and upper 95%
confidence intervals are calculated.

Extreme values were estimated for four different return periods: 1, 10, 50 and 100 years (Table 5.10). In
the Project Area, extreme wind speeds range from 23.8 m/s to 34.2 m/s for the 1-year and 100-year return
periods, respectively, while extreme significant wave heights range from 9.5 m to 15.3 m for the 1-year and
100-year return periods, respectively.

Table 5.10 Extreme Wind and Wave Estimates, MSC50 Node M6010432, 1962-2018

Return Period (years) 1 10 50 100
Wind Speed (m/s) 23.8 +/-0.44 29.2 +/-1.2 32.7+/-1.8 34.2+/-2.1
Significant Wave Height (m) 9.5+/-0.3 12.6 +/- 0.6 14.5 +/- 0.9 15.3+/-1.0
Source: based on DFO (2022)
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5.3.5 Tides

Water level variations due to tides in the Project Area are generally quite predictable. Several models are
available for the prediction of water levels at specific locations where the tidal constituents are known or
can be extrapolated from other locations.

Using the WebTide model (DFO 2015b, Dupont et al. 2002), based on tidal modelling studies conducted
by DFO, tidal water levels are computed for the Project Area at the same location of the referenced MSC50
node (used for wind and wave analysis). These results are presented in Table 5.11.

Table 5.11 Tidal Predictions

Project Area Location Tidal Constituent Constituent Amplitude (cm) Phase (deg GMT)
M2 21.4 333.9
K1 7.3 160.2

46.4°N, 48.8°W N2 4.2 313.0

S2 9.8 135
O: 55 142.0

Source: based on WebTide (DFO 2015b)

Notes:

K1 = Diurnal, luni-solar diurnal, tide-producing force constituent

M2 = Semi-diurnal, principal lunar, tide-producing force constituent

N2 = Semi-diurnal, larger lunar elliptic, tide-producing force constituent

01 = Diurnal, principal lunar diurnal, tide-producing force constituent

S2 = Semi-diurnal, principal solar, tide-producing force constituent

5.3.6 Storm Surge

Storm surge is the abnormal rise in seawater level during a storm, measured as the height of the water
above the normal predicted astronomical tide. Storm surge amplitudes can be high in coastal areas, but
surges with comparatively smaller amplitudes can also occur offshore, away from the coastline. A hazard
from storm surges is elevated mean water levels, specifically when they occur at high tide. Extreme storm
surge calculations based on a study by Bernier and Thompson (2006), which used a hindcast of water
levels over 40 years, and calculated a potential 100-yr storm surge of 90 cm in the northwest Atlantic at the
location of the MSC50 M6010432 data point, 46.4°N, 48.8°W with a 10,000-yr storm surge of 1.17 m.

5.3.7 Temperature, Salinity, pH and Turbidity

Statistical summaries of sea temperature and salinity are presented using the hydrographic database of
the BIO ODI (DFO 2019c) which was queried for the Project Area for depths down to 200 m, and with 10
m bin size averaging. The query returned 16,060 results for temperature that span the years 1960 to 2009
and for depths down to 150 m. As shown in Figure 5-27 the observations are generally well-distributed over
the Project Area with concentrations near Hibernia, Terra Nova and Hebron, and east towards White Rose.
All months and depths are sampled in the data set. Winter months have the fewest observations, 75 to 120
for January through March, while April through July each provide from 1913 to 4393 observations. Each
depth from 0 to 80 m has from 1249 to 1683 observations (89% of the total observations).
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Locations of DFO Hydrographic Data
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Figure 5-27 Location of ODI Hydrographic Observations, Project Area, 1960-2009

Depth contours of monthly mean sea temperature for the Project Area based on the ODI database (DFO
2019c) are presented in Figure 5-28. A maximum depth of 120 m is presented given the Project Area and
majority of corresponding ODI observations (99%) are in this depth range. Figure 5-29 presents a
companion depth contour of monthly mean salinity for the Project Area.
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Figure 5-28 Monthly Average Sea Temperature
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Figure 5-29 Monthly Average Salinity

The thermohaline structure in the water column over the Project Area can be considered as a two-layer
system comprising a surface layer and a subsurface layer, separated by a thermohalocline (i.e., the portion
of the water column with the greatest vertical temperature and salinity gradients). As evident in Figure
5-28, between January and March, sea temperature is vertically homogeneous. Increased solar radiation
warms the surface layer in spring, and light summer winds are not able to mix the water column to as great
a depth as the stronger winter winds. The result is the formation of a warm surface mixed layer with
maximum monthly mean surface temperatures and a strong thermocline in August and September. Both
the mixed layer and thermocline erode between October and December due to increased solar radiation
and stronger storm-generated or winter winds that mix the water column to greater depths. This mixing of
the warm surface layer with progressively deeper waters causes the maximum monthly mean temperatures
of the subsurface water to be lagged in time by two to three months from the maximum mean temperatures
of the surface layer (Seaconsult 1988).

Mean sea temperatures at the surface range from -1.2°C in March to 12.8°C in August, averaging 5.3°C
annually. Minimum sea temperatures at the surface range from -1.8°C in March to 9.3°C in August, while
monthly maximum temperatures range from 0.3°C in March to 18.2°C in September. At 60 m mean sea
temperatures range from -1.2°C in March to 0.7°C in November. Near-bottom, below 100 m, monthly mean
sea temperatures range from -1.6°C to 0.2°C and average -0.7°C (Figure 5-28).

The surface layer is warmer and less saline than the subsurface layer throughout the year (Figure 5-29).
Monthly sea surface salinities range from a minimum of 31.0 PSU in August to a maximum of 34.0 PSU in
April and average 32.4 PSU annually. This is consistent with the general surface pattern of warmer and
fresher water in late summer and fall and colder and more saline water in winter and early spring. For the
subsurface layer, lagging surface conditions by several months, the water is relatively warm and fresh in
the winter and cold and saline in summer and fall.
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Measurements of pH exist from the White Rose EEM from both near-field and from 28 km to the northwest
and northeast of the SeaRose FPSO (White Rose located just east of the Project Area [Figure 5-3]). Values
of pH have ranged from 6.3 to 8.1 in mid-October 2010, 7.77 and 8.04 in late August 2012, and 8.03 and
8.18 in early November 2014 (Husky Energy 2011, 2013, 2017).

Additional measurements for pH data for the region are scarce; however, two data sources are noted. One
characterization comes from data collected from the World Ocean Circulation Experiment (WOCE)
database for the entirety of the Atlantic Ocean ( National Oceanic and Atmospheric Administration (NOAA)
-National Centers for Environmental Information 2022). Figure 5-30 (left panel) shows that surface waters
in the Atlantic Ocean have a pH (adjusted to 25°C temperature) range of 8.0 to 8.1, which decreases to
approximately 7.7 at 1,000 m depth, then remains stable to the ocean floor. A second data source from the
Global Ocean Data Analysis Project (GLODAP) dataset (Olsen et al. 2019) is a May 2001 cruise at 48.5°N,
45.0°W approximately 280 km northeast of the Project Area. The pH profile from this cruise shows surface
waters with a pH around 7.9, which decreases to approximately 7.7 at 700 m depth.
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Figure 5-30 pH for the Atlantic Ocean, A) from the WOCE; B) from GLODAP Cruise, May
2001

Turbidity data are similarly scarce for the Project Area. Data are available from NOAA, from a cruise in
March of 2011 in an area north of Flemish Pass (Ullman et al. 2013). From this cruise, turbidity is
approximately 0.2 to 0.3 nephelometric turbidity units (NTU) in near-surface waters and steadily decreases

to below 0.01 at 200 m and deeper. There is some potential for seasonal variability associated with biogenic
fallout.
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5.4 Sealce and Icebergs
5.4.1 Seaice

This section provides an overview of the sea (drift or pack) ice conditions most likely to be encountered in
the Project Area. Information is drawn from the CIS Sea Ice Climatic Atlas for the East Coast 1981-2010
(CIS 2011). The atlas includes three key separate statistical analyses of conditions: i) frequency of presence
of sea ice; ii) median of ice concentration when ice is present, and iii) median of predominant ice type when
ice is present. Thickness can be inferred from ice type. The 1981-2010 atlas provides the most recent and
comprehensive climatology description of sea ice conditions in the region®. A brief review of the 2011 to
2019 week ice charts is noted.

Given that the CIS Regional Ice Charts are not always prepared on the same dates each year, a seven-
day period centered on historical dates is used in the ice atlas. The atlas climate data represent information
from charts within three days on either side of the historical date. For example, the chart for historical date
15 January is representative for the period 12 to 18 January.

As noted in the ice atlas, variations in the extent of ice over East Coast waters, and hence the Project Area,
are great due to both winds and temperatures being effective in changing the location of the ice edge. A
large variability in sea ice conditions can therefore be experienced from year to year, and in a given year,
on time scales of days to weeks and over comparatively small geographic scales of tens of kilometres.

To characterize overall conditions, the sea ice is described for the four corners and centre of the Project
Area. Each of these five locations was overlaid on each of the weekly atlas charts. The corresponding
frequency of ice presence, ice concentration and ice type was noted for all weeks for each location. The
resulting tabulations are presented in Tables 5.12 to 5.14. To accompany Table 5.13 for median ice
concentration, when ice is present, Figure 5-31 (derived from the MANICE publication (CIS 2005))
illustrates the scale in which ice concentration is reported, from open water (ice concentration of less than
1/10) to compact/consolidated ice (%10 concentration). To accompany Table 5.14, for median of predominant
ice type, when ice is present, Table 5.15 from MANICE (CIS 2005) lists the stages of sea ice development
that occur together with their associated thickness.

Values are colour-coded to show at a glance the weekly change in ice conditions for all five locations of the
Project Area. It is emphasized that, for simplicity, these tables report just one value for each location
whereas conditions may vary considerably across any given region. While some of the variation in
conditions is discussed below, for a higher resolution study the atlas (CIS 2011) should be consulted. It is
further noted that conditions reported here are from climatology and each year will be different.

For most of the Project Area the frequency of presence of sea ice during February through April is 1 to
15%, or about as frequent as every six or seven years. There is a slightly increased frequency of presence
of seaice at 16% to 33% during the first three weeks of March for the northern part of the Project Area and
for the week of 2 April at the northern boundary. In general, for a given week, the sea ice is more likely of
greater concentration and thickness in the northern and eastern portions and less severe in the southwest.
While sea ice may on average reach the northern boundary of the Project Area by the week of 22 January,

1 A new (30 year, 1991-2020) CIS sea ice atlas is expected in 2022; at the next opportunity that information could be
included in any project assessment.
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the sea ice season typically lasts from the week of 5 February to the middle of April. By the end of April
patches of ice may be present to the north and east of the Project Area, otherwise the region is ice free.

Table 5.12  Frequency of Presence of Sea Ice (%)

Frequency of Presence of Sea Ice (%)

Project Area - Project Area - Project Area - Project Area - Project Area -
Northwest Northeast Centre Southwest Southeast

Week

Jan 08
Jan 15
Jan 22
Jan 29
Feb 05
Feb 12
Feb 19
Feb 26
Mar 05
Mar 12
Mar 19
Mar 26
Apr 02
Apr 09
Apr 16
Apr 23
Apr 30
May 07
May 14
May 21
May 28
Jun 04

Legend
0%
1-15%
16-33%
34-50%
Source: based on CIS 2011

51-66%

67-84%

85-99%
100%
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Table 5.13

Source: CIS (2005)

Median of Ice Concentration, When Ice is Present

Week

Jan 08
Jan 15
Jan 22
Jan 29
Feb 05
Feb 12
Feb 19
Feb 26
Mar 05
Mar 12
Mar 19
Mar 26
Apr 02
Apr 09
Apr 16
Apr 23
Apr 30
May 07
May 14
May 21
May 28
Jun 04

Figure 5-31

Median of Ice Concentration When Ice is Present

Northeast Centre Southwest

Legend

less than 1/10
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Table 5.14  Median of Predominant Ice Type, When Ice is Present

Week

Jan 08
Jan 15
Jan 22
Jan 29
Feb 05
Feb 12
Feb 19
Feb 26
Mar 05
Mar 12
Mar 19
Mar 26
Apr 02
Apr 09
Apr 16
Apr 23
Apr 30
May 07
May 14
May 21
May 28
Jun 04

Median of Predominant Ice Type When Ice is Present
Project Area - Project Area - Project Area - Project Area - Project Area -
Northwest Northeast Centre Southwest Southeast

Legend

Open or Bergy Water
New Ice

Grey Ice

Grey-White Ice
Source: based on CIS 2011

Thin FY Ice
Medium FY Ice
Thick FY Ice
Old Ice

Table 5.15  Stage of Development, Sea Ice
Description Thickness

New <10 cm
Grey 10to 15cm
Grey-white 15t0 30 cm
First-year 230 cm
Thin first-year 30to 70 cm
Medium first-year 70t0 120 cm
Thick first-year >120 cm

Source: CIS (2005)
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When ice is present, the median ice concentration is generally at its largest at 78/10 between the weeks of
5 February to 9 April at the northwest and northeast with greater concentrations of 99+/10 during the weeks
of 22 January for the northeast, and during mid-February for the north and central portions. For other
locations in the Project Area and during other weeks, when ice is present, the median ice concentrations
are generally 13/10 to 4%/10. An illustration of this variability in median ice concentration is shown in Figure
5-32 for the week of 26 February, with greater concentrations in the central and northern portion of the
Project Area, lesser concentrations to the southeast and no ice to the southwest.

o 5 S

MEDIAN OF ICE CONCENTRATION
WHEN ICE IS PRESENT & FEB 26 / 26 FEV

MEDIANE DE LA CONCENTRATION e 1981-2010
DES GLACES EN PRESENCE DE GLACE
NUMBER OF YEARS

Legend / Légende
NOMBRE D'ANNEES
480 J4-8m
a

Lessthon 110 [ Mons de 1110 % EBast Coast | Cote Est: 30
7-eno N V- eno
1
Scale / Echelle \
E
.

1-30 ] 1-w10
9. 010 [N ¢ 940 ‘ ‘
100 200

Canadt

Source: CIS (2011)

Figure 5-32 Median of Ice Concentration, When Ice Is Present, Week of Feb 26

The median of the predominant ice type, when ice is present, at the north of the Project Area during the
beginning of February is grey ice (10 to 15 cm) and grey-white ice (15 to 30 cm). During this period new ice
(less than 10 cm) is present to the southeast.

Thin first-year (FY) ice (ice of not more than one winter’s growth, 30 to 70 cm) may be present from mid-
February to the first week of April, with medium FY ice (70 to 120 cm) present in the northeast and
southeast. During the first two to three weeks of April thick FY ice (greater than 120 cm) maybe encountered
to the north and over the centre of the Project Area. Some areas of old ice (ice that has survived at least
one summer’s melt; second year ice will be generally thicker than FY ice) may be encountered over the
southwestern portion of the Project Area at the end of April. The week of 9 April (shown in Figure 5-33)
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shows the median of predominant ice type when the ice season is at its peak in terms of the presence of
thicker FY ice and progression of the sea ice season over the Project Area.
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Figure 5-33 Median of Predominant Ice Type When Ice Is Present, Week of Apr 9

There is potential for landfast ice nearshore. Landfast ice forms and remains fast along the coast and can
extend from a few metres to several hundred kilometres offshore. Landfast ice has the potential to influence
conditions within the vessel traffic routes near to St. John’s. However, it is unlikely to be a factor in the
Project Area itself.

A review of the CIS weekly sea ice charts for 2011 to March 2022 (i.e., the period since the ice atlas’s
coverage through 2010), indicates only one occurrence of sea ice in the Project Area: /10 ice concentration
of grey ice and medium FY ice in strips of concentration °*/10 for the week of 27 April 2015. There are a few
weeks from 2011 to 2022 during which the sea ice reaches the edge of the Project Area, to the north and/or
east, but does not enter. This sort of distribution is illustrated in Figure 5-34 for the week of 10 March 2014
(a similar occurrence for the weeks of 25 February and 11 March 2019), which shows the sea ice
surrounding the Project Area to with 3/10 concentration medium FY ice, with traces of old ice, to the north
and 7/10 concentration thin FY and grey ice in small floes to the east.
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Figure 5-34 Eastern Coast, Regional Ice Analysis, Eastern Coast, Week of 10 March
2014

The recent sea ice distributions rarely reach much farther south than about 48°N as illustrated for the week
of 7 March 2022 with ice concentrations of 5/10 including #4/10 of thin FY ice with ice concentrated in strips
and patches of °*/10 concentration (Figure 5-35).
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Figure 5-35 Eastern Coast, Regional Ice Analysis, Eastern Coast, Week of 7 March 2022

Further information on regional ice conditions in this area is provided in the Eastern Newfoundland SEA
(IAAC 2021), Section 4.1.5.

5.4.2 Icebergs

The east coast of Newfoundland and Labrador, including the Project Area on the Grand Banks, frequently
experiences icebergs in their journeys south from the fjords of Greenland. Icebergs are masses of
freshwater ice which calve each year from the glaciers along west Greenland. A small number of icebergs
originate from east Greenland. Icebergs are moved by both the wind and ocean currents, and typically
spend one to three years travelling a distance up to approximately 2,900 km (1,800 miles) to the waters of
Newfoundland. The West Greenland and Labrador Currents are major ocean currents, which move the
icebergs around the Davis Strait, along the coast of Labrador, to the northern bays of Newfoundland, and
to the Flemish Pass and the Grand Banks.

Icebergs will deteriorate in their drift southwards due to warmer sea temperatures and wave erosion. For
example, the number of days required to melt a 100 m iceberg ranges from 179 days at a sea surface
temperature of -1°C to 12 days at 6°C and five days at 15°C; this assumes a wave height of approximately

O SUNCOR )

5-50



SUNCOR EXPLORATION DRILLING PROJECT: ENVIRONMENTAL IMPACT STATEMENT

2 m, wave period of 10 s and relative drift velocity of 25 cm/s (U.S. Coast Guard Navigation Center 2009).
Icebergs in sea ice may be less subject to wave erosion. Smaller icebergs are more difficult to detect in sea
ice.

While each year is different, icebergs will typically appear offshore by February or March. Easterly and
northeasterly winds will have the effect of moving icebergs towards the Newfoundland coast. Their usual
path is southward with the ocean currents. The summary of iceberg sightings for the Project Area presented
here is based on two data sets. The comprehensive National Research Council-Program of Energy
Research and Development (NRC-PERD) Iceberg Sighting Database (Sudom et al. 2014; NRC 2019)
contains iceberg sightings from various sources including industry, aircraft and ship, and includes radar,
visual and measured observations. The latest version of the database contains icebergs through 2018.
Confidential observations acquired by PAL Aerospace for the east coast operators for 2014 onwards are
excluded from this analysis. Observations from 2014 through 2021 are from the International Ice Patrol
(lIP), 2014 to 2018 from the NRC-PERD database, and 2019 to 2021 from the IIP Iceberg Sightings
Database (IIP 1995).

Statistics for observations in the Project Area for the past 30 years, 1992-2021, are reported. Iceberg re-
sightings in the database are ignored; a given iceberg is counted once even though it may have multiple
sightings in the Project Area. Iceberg size classes range from growlers (<1 m above water, <5 m in length
and mass approximately 0.001 Mt) to very large icebergs (>75 m in height, >200 m in length, and mass
over 10 Mt) (Figure 2.3, CIS 2005). Icebergs of unknown size are also reported.

The query of the NRC-PERD plus IIP databases, for the years 1992 to 2021, yields a total of 1,830 icebergs
for the Project Area. Statistics for the number of icebergs by month and by year are presented in Figures
5-36 and 5-37. Table 5.16 reports iceberg counts by month and year.

Icebergs have been observed in the Project Area in all months except October and November. The greatest
number of 1,561 or 85% occur from March through May (Figure 5-36), with the vast majority, 1,820 or 99%,
occurring from February to July. Icebergs have been observed in April, May and June for 14 of the 30 years,
in March for 13 of the 30 years and in February and July for 4 of the 30 years. The January icebergs were
observed in 1993; icebergs were last observed in February in 1995; the August, September and December
icebergs were from 1992.

Icebergs were present in the Project Area for 21 of the past 30 years, with the greatest numbers being 297
in 2003 and 227 in 1993 (Figure 5-37). Over the past 10 years, the greatest number of icebergs in the
Project Area was 152 in 2021. The 30-year annual average is 61 icebergs. The median number of icebergs
in the Project Area each year is 29. For the past 10 years the average and median are 42 and 18,
respectively.
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Total Iceberg Sightings by Month (1992-2021)
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Figure 5-36 Iceberg Sightings by Month (1992-2021)
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Figure 5-37 Iceberg Sightings by Year (1992-2021)
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Table 5.16 Iceberg Sightings by Year and Month (1992-2021)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total %
1992 0 3 1 8 24 6 0 2 1 0 0 2 47 2.6
1993 5 58 43 38 48 35 0 0 0 0 0 0 227 12.4
1994 0 19 25 5 1 3 2 0 0 0 0 0 55 3.0
1995 0 4 45 35 10 5 0 0 0 0 0 0 99 54
1996 0 0 0 13 1 5 2 0 0 0 0 0 21 11
1997 0 0 7 10 6 0 0 0 0 0 0 32 1.7
1998 0 0 0 1 15 12 0 0 0 0 0 0 28 1.5
1999 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2000 0 0 44 79 10 22 0 0 0 0 0 155 8.5
2001 0 0 0 1 0 0 0 0 0 0 0 0 1 0.1
2002 0 0 129 21 13 0 0 0 0 0 0 164 9.0
2003 0 0 4 143 133 17 0 0 0 0 0 0 297 16.2
2004 0 0 0 1 1 0 0 0 0 0 0 2 0.1
2005 0 0 0 0 0 0 0 0 0 0 0.0
2006 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2007 0 0 0 0 11 2 0 0 0 0 0 13 0.7
2008 0 0 0 141 4 2 0 0 0 0 0 0 147 8.0
2009 0 0 35 57 4 27 0 0 0 0 0 0 123 6.7
2010 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2011 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2012 0 0 0 149 3 0 0 0 0 0 0 152 8.3
2013 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2014 0 0 8 44 19 1 0 0 0 0 0 0 72 3.9
2015 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2016 0 0 0 17 4 8 0 0 0 0 0 0 29 1.6
2017 0 0 18 58 0 0 0 0 0 0 0 76 4.2
2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0
2019 0 0 2 7 71 4 0 0 0 0 0 0 84 4.6
2020 0 0 1 3 2 0 0 0 0 0 0 0 6 0.3
2021 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
Mean 0.2 2.8 12.1 22.6 17.3 4.9 0.9 0.1 0.0 0.0 0.0 0.1 61

Max 5 58 129 143 149 35 22 2 1 0 0 2 297
Total 5 84 364 678 519 147 28 2 1 0 0 2 1830

% 0.3 4.6 19.9 37.0 | 284 8.0 15 0.1 0.1 0.0 0.0 0.1

Source: based on NRC (2019), 1P (1995)

Anillustration of a recent iceberg year for the Project Area is shown in Figure 5-38 for 2017, with 76 icebergs
in the Project Area, compared with the 30-year historical mean of 61. All iceberg sightings (including re-
sightings) are illustrated.
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Figure 5-38 Recorded Iceberg Sightings in 2017, Newfoundland Offshore
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A total of 73%, or 1,334, of the iceberg observations have a size reported. An additional 371 icebergs have
an unknown size classification. Icebergs of size ‘general’ have been grouped with those of unknown size.
In instances where there are multiple sightings of the same iceberg and different sizes are reported, the
largest size is used (e.g., for an iceberg with size values of small and medium, the medium size class is
selected). The iceberg size distribution is shown in Figure 5-39. Of the 1,705 icebergs in the Project Area,
from the 1992 to 2021 queries, where size is known, 17.8% are growlers or bergy bits, 66.7% are small or
medium, 14.2% are large, and 1.4% (18 icebergs) are very large.

500 Total Iceberg Sightings by Size Category (1992-2021)
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m Tilt Cove Exploration Drilling Project Area

Source: based on NRC (2019), 1P (1995)
Figure 5-39 Iceberg Sightings by Size Category (1992-2021)

5.5 Air Quality

There are no site-specific ambient air quality data for the Project Area. The existing atmospheric
environment within the Project Area can be generally categorized as good, with occasional point source
human exposure to exhaust contaminants from existing offshore oil production facilities (i.e., Hebron,
Hibernia, Terra Nova, and SeaRose), supply ships, and other vessels in the area. Devices on the
installations that continuously monitor air quality indicate it is below exposure limits. Vessel emissions are
regulated by the International Marine Organization (IMO) through the International Convention for the
Prevention of Pollution from Ships (MARPOL). This region also receives long-range air contaminants from
the industrial mid-west and northeastern seaboard of the United States.
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5.6 Acoustic Environment

Sound from a point source emanates in a spherical pattern until it reaches the sea surface or seabed, at
which point the spreading becomes cylindrical. Seabed conditions and bathymetry of the Project Area are
discussed in Sections 5.1 and 5.3.1, respectively. Underwater sound modelling conducted for this Project
(Alavizadeh and Deveau 2020) is provided in Appendix D.

The ambient ocean soundscape is a combination of natural and anthropogenic sources (refer to Figure
5-40). Sea ice (main contributor), precipitation (a common contributor; typically concentrated at frequencies
above 500 Hz), and wind are the primary physical environment sources of sound, with low frequencies
(<100 Hz) generated by earthquakes and other geological events. Vessel traffic, activities associated with
oil and gas exploration and extraction (including air traffic / helicopters), and fishing activities other than
fishing vessel movement are the main sources of anthropogenic sound) (Delarue et al. 2018).
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Figure 5-40 Wenz Curves Describing Pressure Spectral Density Levels of Marine
Ambient Noise from Weather, Wind, Geologic Activity, and Commercial
Shipping

The Environmental Studies Research Fund (ESRF) conducted a recording program in shallow and deep
water over a two-year (2015 to 2017) period to characterize the east coast of Canada’s underwater
soundscape and the occurrence of marine mammals (Delarue et al. 2018). The study involved the
deployment of 20 acoustic recorders from Dawson Canyon off Halifax, NS, to Nain Bank on the Labrador
shelf (Figure 5-41). Station 18, located approximately 300 km east of St. John’s, NL, at a depth of 110 m,
is closest to the Project Area. The Hibernia oil platform is located 17 km from Station 18. The maximum
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and minimum broadband SPL measured in 2015-16 were 142.8 and 104.7 dB re 1 uPa, respectively, and
144.4 and 104.1 dB re 1 yPain 2016-17 (Delarue et al. 2018).
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Figure 5-41 Key ESRF Study Station Locations for Ambient Marine Noise

The main soundscape features were fin whale vocalizations (20 Hz), vessel traffic (offshore supply vessels
servicing the Hibernia platform) (30 to 300 Hz), and continuous sound from the machinery on the Hibernia
platform (200 Hz) (Delarue et al. 2018). In the first year's deployment, distant seismic noise was also
detected in October 2015 and in June and July 2016. In the second year, seismic survey sounds were
detected from the end of July to November 2016 and again in June and July 2017.

Fin whale notes were detected from September to mid-March in both years. Fin whales sing from October
to March on the Grand Banks, increasing the total sound level across the Grand Banks 5 to 10 dB (in the
10 to 45 Hz band) by their notes. Distant seismic noise was also detected at Station 18 (Delarue et al.
2018).
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5.7 Climate Change

Climate change refers to any long-term change in the magnitude, variability and timing of the various
elements of Earth’s climate system, including the atmosphere, ocean and cryosphere. As reported in the
scientific assessments of global climate change regularly developed by the International Panel on Climate
Change (IPCC), there is a considerable evidence that the atmosphere and ocean have warmed, snow and
ice amounts have been diminished, sea level has risen and the concentration of GHGs have increased
since the late 19th century (IPCC 2013a, 2021a). Changes have also been observed in the intensity and
frequency of damaging extreme weather and climate events worldwide since the 1950s (IPCC 2013a,
2021a; World Meteorological Organization 2019). Given these findings, climate change can be considered
one of the defining challenges of the 21st century (Bush and Lemmen 2019).

This section discusses general climate change considerations relevant to offshore Newfoundland and is
organized according to atmospheric variables (wind, temperature, precipitation and storms), oceanographic
variables (ocean-water temperatures, waves, currents and sea level), and cryospheric variables (sea ice
and icebergs). Given the temporal scope of the project extends to 2029, it is unlikely that the physical
environment in the Project Area will experience substantial climate change impacts beyond what is
presently found in recent trends and interannual variability. Climate change is therefore unlikely to have a
direct and significant adverse environmental effect on the Project beyond the overall design and planning
measures being undertaken to address the physical environmental parameters discussed above.

Global climate models (GCMs) are a class of computer-driven models that provide projections of climate
change based on a range of future scenarios that incorporate anthropogenic GHG emissions and land use
changes. All models used to project climate change have some amount of inherent uncertainty and climate
scientists use ensembles of models to analyze and compare a range of simulations and projections (i.e.,
too much weight is not put on one single prediction) (Bush and Lemmen 2019). The Coordinated Modelling
Intercomparison Project (CMIP) was established by the World Climate Research Programme to ensure
historical simulations and future climate projections are performed using the same GHG forcing scenarios.
The sixth phase of this project (CMIP6) provided the climate model results assessed in the IPCC Sixth
Assessment Report (IPCC 2021a). Future climate projections in CMIP6 used five Shared Socio-economic
Pathways (SSPs) to describe alternative trajectories for GHG emissions and the resulting atmospheric GHG
concentrations from the year 2015 to 2100.

Some specific atmospheric, ocean, and cryosphere changes for selected variables are included in the
following sections, drawing on the IPCC Working Group | Interactive Atlas (IPCC 2021c) and employing the
CMIP6 model projections dataset. Generally, it is the median estimate values presented below for the short-
term period (2021-2040), for a high emissions scenario, SSP5-8.5, and relative to 1995-2014. The
estimates are estimated based on visual inspection of results presented in the Atlas.

5.7.1 Atmospheric Climate Changes
5.7.1.1 Wind

Research on the mechanisms and causes of observed and projected changes in mean and extreme wind
speeds are limited (Bush and Lemmen 2019). As such, confidence over global estimates of changes to
surface wind speed is low in comparison to other climate variables (e.g., temperature and precipitation).
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The IPCC 6" assessment indicates a potential decrease in wind speeds (1% in the short term) in the Project
Area (IPCC 2021c).

5.7.1.2 Temperature

Savard et al. (2016) reported a statistically significant increase in mean annual air temperatures in coastal
meteorological stations in Eastern Canada from 1900 to 2010. Stations along the Atlantic Ocean warmed
by 0.75 +0.34°C and this trend is expected to continue and intensify over the coming decades (Savard et
al. 2016).

As reported in Finnis and Daraio (2018), daily mean, minimum and maximum temperatures are projected
to increase throughout the province of Newfoundland and Labrador, with the largest changes expected to
occur in winter. The largest changes in air temperature are projected to occur at high latitude (e.g., northern
Labrador) and away from coastlines. Regions located near large water bodies (e.g., the Avalon Peninsula)
are expected to experience less of a temperature change as open water changes temperature slowly, which
tends to reduce the immediate impact of a warming planet (Finnis and Daraio 2018). The IPCC 6"
assessment indicates a potential increase in air temperature (1°C in the short term) in the Project Area
(IPCC 2021c).

5.7.1.3 Precipitation

There is medium confidence that average annual mean precipitation in Canada has increased as a result
of climate change (Bush and Lemmen 2019). Modest increases in mean precipitation are projected over
the island of Newfoundland in winter and spring, and throughout most of Labrador year-round (Finnis and
Daraio 2018). In Eastern Newfoundland, where offshore temperatures are close to 0°C between September
and May, the projected increase in temperature (1.5°C to 2.5°C) implies precipitation will fall more often as
rain than as snow (Finnis and Daraio 2018).

The impact of climate change on precipitation in Newfoundland and Labrador is most apparent when
considering intense or multi-day events. On the island of Newfoundland, increases in maximum
precipitation are projected to be strongest in winter when precipitation is driven by the passage of low-
pressure systems and associated fronts. In Labrador, the biggest changes in precipitation are projected to
occur in summer as a result of increased diurnal heating (Finnis and Daraio 2018). Most models examined
in Finnis and Daraio (2018) predict an increase in extreme precipitation (i.e., increased amounts of
precipitation during defined return-period events). The IPCC 6™ assessment indicates a potential increase
in total precipitation (1% in the short term) in the Project Area (IPCC 2021c).

5.7.1.4 Storms

There is evidence that storm tracks over the North Atlantic have shifted 180 km northward (60° west to 10°
east) for the 1982-2001 period relative to the 1958-1977 period (Wang et al. 2006). This northward shift in
winter storm tracks is predominantly caused by a warming arctic and a weakening polar-equatorial
temperature gradient (Loder et al. 2013). A weaker polar-equatorial temperature gradient results in more
persistent weather patterns (e.g., prolonged droughts, floods, cold spells and heat waves) in mid-latitudes
(Francis and Varrus 2012). Given the relatively limited amount of published literature focused on winds in
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the marine regions off Canada, there is generally low confidence associated with storm trends (Bush and
Lemmen 2019).

An Atlantic hurricane (or tropical storm) is a tropical cyclone that forms in the Atlantic Ocean usually in the
summer or fall. There is medium confidence of an increase of tropical storms and, along the Atlantic Coast,
storms will be more intense with higher wind, precipitation, and storm surge totals when they do occur
(IPCC 2021a).

5.7.2 Oceanographic Changes
5.7.2.1 Ocean-Water Temperatures
It is virtually certain that ocean depths from 0 to 700 m warmed since the 1970s (IPCC 2021a).

Ocean-water bodies in Canada’s East Coast region are made of three distinct layers: the surface layer, a
cold intermediate layer and a deeper layer (Galbraith and Larouche 2013). Surface waters in the region
increased by 0.32°C from 1945-2010 in response to rising air temperatures (Han et al. 2013a). During the
1982-2006 period, increases of 1.04°C and 0.89°C in surface-water temperature were observed for the
Labrador Sea and the Scotian Shelf, respectively (Sherman et al. 2009). The Project Area has experienced
warming in mean monthly water temperatures at a depth of approximately 5 m from 1976-1995 to 1996-
2015 (Figure 5-42).

Future warming in the North Atlantic south of Greenland is expected to be limited as the expected reduction
in the strength of the Atlantic Meridional Overturning will bring less heat northward (Drijfhout et al. 2012;
Caesar et al. 2018). Global models have difficulty resolving ice-ocean variability in the Labrador Sea (i.e.,
many climate models often simulate excessive mixing, which would result in an under-prediction of the
impact of climate change on ice sheets and sea level) and it is unclear whether the projected ocean-
temperature anomaly that exists in the North Atlantic south of Greenland will extend westward into coastal
waters off Newfoundland and Labrador (de Jong et al. 2009; Hansen et al. 2016). The IPCC 6" assessment
indicates a potential increase in sea surface temperature (1°C to 1.5°C in the short term) in the Project Area
(IPCC 2021c).

5.7.2.2 Waves

In a business-as-usual climate scenario, where warming continues in-line with current trends, there will
likely be significant changes in wave conditions along 50% of the world’s coasts (Morim et al. 2019). While
robust changes in projected mean wave heights are likely in some areas of the world (e.g., the North Pacific
Ocean), decreases in the North Atlantic are likely, which is consistent with the relatively uniform decrease
in projected surface wind speeds in the northern hemisphere extra-tropical storm belt (Morim et al. 2019).
However, it is also possible that there are increases in wave heights during some periods due to the
reduction in sea ice (Bush et al. 2022). Given the inherent limitations of historical observational data, there
is a relatively low level of confidence on wave projections (Bush and Lemmen 2019).
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Figure 5-42 Changes in Mean Monthly Water Temperature From 1976-1995 to 1996-2015
at a Depth of Approximately 5 m Based on European Center for Medium-
Range Weather Forecasting Reanalysis Data

5.7.2.3 Currents

The Newfoundland Shelf (extending from the Strait of Belle Isle southward and then westward to Cabot
Strait) and the Labrador Shelf (extending from the Hudson Strait to the Strait of Belle Isle) are subject to
the direct influence of water and ice outflows from the Arctic through the Canadian Arctic Archipelago and
the North Atlantic subpolar surface gyre (Han et al. 2019). The North Atlantic subpolar surface gyre, in
which the Project Area resides, has been declining for the past two decades (Han and Tang 2001; Han et
al. 2010, 2013b). This decline is likely associated with multi-decadal variability, rather than a long-term trend
(Wang et al. 2015).
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The Labrador Current, a component of the North Atlantic subpolar surface gyre, is positively correlated with
the winter North Atlantic Oscillation (NAO) in regions north of the Grand Banks, and negatively correlated
in regions further south (Han et al. 2013b). With the general weakening of the NAO from 1992-2011, the
Labrador Current also became weaker in strength but extended farther towards the equator, well beyond
the tail of the Grand Banks. A potential mechanism for this is the southward shift of the Gulf Stream which
correspondingly allowed this southward extension of the Labrador Current. A regional ice-ocean climate
model developed in Han et al. (2019) projects freshwater transport of the Labrador current will double due
to freshening from 2011 to 2069 under a medium-level emission scenario. There is less certainty in a
projected small increase in the volume transport of the Labrador Current in Han et al. (2019) and in general,
there is a great deal of uncertainty surrounding these climate projections, due in part to the limited capability
of current climate models to simulate important processes in the complex atmosphere-ice-ocean system
(Sgubin et al. 2017). It therefore remains unclear if significant changes to major currents will occur in the
Project Area over the next several decades.

5.7.2.4 Sea Level

A rise in global sea level at a rate of 3.2 = 0.4 mm/year from 1993-2009 is considered to be the result of
thermal expansion of the ocean caused by warming, increased water amounts from melting ice sheets and
glaciers, glacial isostatic adjustments (rising or falling land), and changes in the strength of the Gulf Stream
(Church and White 2011; Yin 2012).

The rate of annual sea level rise may increase beyond present day trends as the largest single uncertainty
in projected sea level rise remains the potential collapse of the Antarctic ice sheet (Robel et al. 2019). Multi-
meter sea level rise by the end of the century driven by accelerated melting of ice sheets in Greenland and
Antarctica associated with rising temperatures was postulated by Hansen et al. (2016). Bamber et al. (2019)
suggest global mean sea level rise in excess of 2 m by the end of the century is plausible under a business-
as-usual emission scenario. Local changes in sea level can be significantly different from the global mean
(Cazenave and Nerem 2004), and sea levels around eastern Newfoundland and Labrador are projected to
rise by approximately 0.25 m by 2040 (IPCC 2021c).

5.7.3 Ice Conditions

The Arctic has undergone substantial warming since the mid-20th century and the reduction in glaciers and
ice caps in the Canadian Arctic has accelerated over the last decade (IAAC 2021; Bush and Lemmen 2019).

5.7.3.1 Sealce

Based on observations over the past three decades, annual mean Arctic sea ice extent has decreased
(approximately 40% in September and approximately 10% in March) (IPCC 2021a). Between 2011 and
2020, annual average Arctic sea ice area reached its lowest level since at least 1850 (IPCC 2021a). The
rate of decline in winter season sea ice area between 1969-2016 for eastern Newfoundland waters is 10.6%
per decade and it is very likely that increased temperatures will result in the continued reduction of sea ice
extent (Bush and Lemmen 2019).
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Based on historical trends and projections for the shrinking Arctic sea ice cover, it is likely that the extent
and thickness of sea ice will be reduced for the Project Area. The timing of freeze-up, timing of melting, and
the variability of the sea ice season are all expected to change (Finnis and Daraio 2018). The IPCC 6t
assessment indicates a potential decrease in sea ice (0.5% in the short term) in the Project Area (IPCC
2021c).

In addition to sea ice that develops in the Project Area (which is expected to decline), there is also risk of
Arctic sea ice breaking off and transporting to the Project Area. Although the Arctic ice pack declined in
aerial extent and thickness, it has become increasingly mobile. Greater (more severe) than normal ice
concentrations and pieces of thicker multi-year sea ice within the ice cover presented unusually hazardous
conditions for marine traffic along Canada’s East Coast region during the spring of 2017 (Barber et al.
2018). An increasingly mobile Arctic ice pack caused by a changing climate may increase ice hazards off
Newfoundland’s coast in areas where multiyear ice from the high Arctic has not typically been encountered
(Barber et al. 2018).

5.7.3.2 Icebergs

Icebergs that appear in the North Atlantic are remnants of terrestrial ice calved primarily off West Greenland
glaciers, and to a lesser extent the ice caps on Ellesmere, Devon and the Baffin Islands (Marko et al. 1994).
The regional iceberg climate is determined by the rate at which icebergs calve and their size distribution.
Both factors are affected by local oceanic and atmospheric circulation patterns, water temperature, the
frequency and the duration of open water conditions (Marko et al. 2014). In general, an observed downward
trend in iceberg severity since the 1990s is consistent with changes in regional climate (Marko et al. 2014).
Specifically, warmer air temperatures, increased sea surface temperature, and increased wave action on
the icebergs due to reduced sea ice cover may increase iceberg melt and deterioration rates.

A study of sea ice area and extent and iceberg season length and iceberg fluxes indicate a significant
negative trend for iceberg season length south of 48°N during the period 1980 to 2011 (Figure 5-43). The
annual iceberg flux also shows decadal-scale variations which, unlike the length of the iceberg season, are
not particularly high in the 1910s and 1920s but are highest after 1980. It is also noted there is likely to be
high uncertainty in long-term trends of iceberg fluxes because of changes in iceberg detection technology,
search effort, and reporting (Peterson et al. 2015).
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Figure 5-43 Iceberg Season Length and Numbers South of 48°N Anomalies
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