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Figure 3.36 Mean Monthly Pack Ice Concentration When Present for February 
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Figure 3.37 Mean Monthly Pack Ice Concentration When Present for March 
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Figure 3.38 Mean Monthly Pack Ice Concentration When Present for April 

 
 
 



LABRADOR SHELF OFFSHORE AREA SEA – FINAL REPORT 

Sikumiut Environmental Management Ltd.  © 2008          August 2008    143 

Figure 3.39 Mean Monthly Pack Ice Concentration When Present for May 
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Figure 3.40 Mean Monthly Pack Ice Concentration When Present for June 
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Figure 3.41 Mean Monthly Pack Ice Concentration When Present for July 
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Figure 3.42 Mean Monthly Pack Ice Concentration When Present for August 
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Figure 3.43 Mean Monthly Pack Ice Concentration When Present for September 
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Figure 3.44 Mean Monthly Pack Ice Concentration When Present for October 
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Figure 3.45 Mean Monthly Pack Ice Concentration When Present for November 
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Figure 3.46  Mean Monthly Pack Ice Concentration When Present for December 
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3.6.2 Sea Ice Drift 

Several sources of data were identified for pack ice drift speeds for the coast of Labrador.  An extensive 
program off the coast of Labrador was conducted (Peterson and Symonds 1988; Prinsenberg and 
Peterson 1992; Prinsenberg et al. 1993; Peterson et al. 1995) to monitor ice movement with satellite-
tracked beacons deployed on individual floes.  The season for these studies ranged from January to 
April and mostly covers central and southern regions of the coast.  Two separate programs involving C-
CORE personnel (Ledrew and Culshaw 1977; McKenna et al. 1998) document velocity measurements 
made in the field.  Other studies (McClain and DeRycke 1974) have used VHRR (Very High Resolution 
Radiometer) data from the NOAA-2 satellite and Dickins et al. (1985) used Landsat and Side-looking 
Airborne Radar (SLAR) imagery to generate statistics for the Labrador coast.   

The sampling rates for the data from all sources varied and have been converted into daily velocity 
rates.  These data are presented in detail in Table 3.35.  The mean daily (24-hour) drift speed based on 
measurements of different floes was calculated as 25 cm/s (0.45 knots).  The maximum daily drift 
speed measured for different floes in the different studies was found to be 94 cm/s (1.8 knots).  
McKenna et al. (1998) found six-hour velocities to be 15 to 20 percent greater on average than 24-hour 
values.  Instantaneous velocities may even be higher than these.   

Table 3-35 Sea Ice Drift Speed Data from Various Sources 

Data Set Region Type Direction Mean 
(cm/s) 

Standard 
Deviation Source 

6hr Alongshore 23 22.2 
6hr Offshore -1* 11.6 
6hr Scalar 26 20.4 

24hr Alongshore 22 19.3 
24hr Offshore 0 7 

CCGS Henry Larson 
Probe To Voisey’s 
Bay, C-CORE (1997) 

Central 

24hr Scalar 23 19 

McKenna et al. (1998) 

24hr Alongshore 19 25 
24hr Offshore 0 18.6 All 
24hr Scalar 28 23.6 

Shelf Break 24hr Scalar (ranges) 40 - 50  

Ice Beacon Program 
(1985 to 1987) 

Close to Shore 24hr Scalar (ranges) 10 - 15  

Peterson and Symonds 
(1988) 

Ice Beacon Program 
(1991) All 24hr Scalar 18  Prinsenberg and 

Peterson (1992) 
Ice Beacon Program 
(1992) South 24hr Scalar 17  Prinsenberg et al. 

(1993) 
Ice Beacon Program 
(1993 to 1994) South 24hr Scalar 16  Peterson et al. (1994) 

North of 54°N 24hr Alongshore 40 38.1 
 24hr Offshore 1 32.8 
 24hr Scalar 49 40.9 

Ship-In-The-Ice 
Project (1977) 

North of 54°N 24hr Alongshore 40 38.1 

LeDrew and Culshaw 
(1977) 

North 24hr Scalar 24  
Central 24hr Scalar 26  VHRR Data (1972 to 

1973) 
South 24hr Scalar 27  

McClain and DeRycke 
(1974) 

* Denotes net inshore drift direction. 
Note: 1 m/s = 1.944 knots 

As part of an oceanographic study by the BIO, an Acoustic Doppler Current Profiler (ADCP) was 
deployed at Makkovik Bank from December 2002 to July 2003 and from November 2004 to June 2005 
(Ross et al. 2006).  During both periods, the mean ice speed was approximately 25 cm/s (0.45 knots), 
with a maximum measured speed of 77 cm/s (1.5 knots). 
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3.6.3 Pack Ice Floe Size Data 

Fenco (1976) conducted a number of aerial surveys off the coast of Labrador to determine floe sizes 
near Hopedale and Cartwright.  Six surveys were conducted between April 2 and May 1, 1976.  
Photographs taken from altitudes of 609 m (2,000 feet) and 305 m (1,000) were analyzed to determine 
the percentage and types of ice cover and the distribution of floe size for first-year ice.  The results of 
the floe size analysis for this survey are summarized in Table 3.36. 

Table 3-36 Floe Size Distribution for First Year Ice 
Floe Size % of First Year Area 

10 m to 50 m 17.5 
50 m to 100 m 5.68 
100 m to 150 m 1.60 
150 m to 200 m 2.66 
200 m to 300 m 5.07 

> 300 m 67.48 
Source:  Fenco 1976. 

The effect of scale in determining floe size distribution was examined by Dickins et al. (1985).  Aerial 
photographs of the Labrador Sea, one set at a scale of 1:2,600 and another at 1:20,000, were obtained 
on March 24, 1982.  The 1:20,000-scale photos covered an area of 1 km2 and contained 134 floes and 
the 1:2,600-scale photos covered 0.0169 km2 and contained 159 floes.  At 1:20,000-scale, the median 
floe area was approximately 7,000 m2 and at 1:2,600-scale the median floe size was 30 m2.  This 
indicates that results of floe size surveys are sensitive to the scale of the remote sensing imagery.  
Because of the dynamics of the pack ice in the Labrador Sea and the constant refreezing of the space 
between floes, the notion of floe size in first year ice may not always be relevant. 

3.6.4 Sea Ice Thickness Data 

Floe thickness numbers have been reported for the Labrador Sea; however, these values tend to be 
based on biased samples (Fenco 1978b) or determined indirectly from volumetric considerations 
(Berenger and Wright 1980).  The few reports of ice thickness in the Labrador region that can be 
considered usable are ice thickness measurements made during icebreaker probes to Labrador. 

Pack ice thicknesses were measured by Kirby (1997) during the CCGS Henry Larsen probe to Voisey’s 
Bay using over-the-side video and on-ice observations.  The ice was generally medium and thick first-
year ice, with thicknesses of 1.2 to 1.5 m.  Rafting was common within the pack ice.  Extensive areas of 
rubbled ice were observed with thicknesses of 2.5 m, to a maximum of 5 m.  Sail heights were 
estimated at 3 to 5 m in some areas. 

The Special Project Division of the Department of Development and Tourism (1985) produced a report 
regarding winter shipping to Lake Melville.  Ice thicknesses in Lake Melville and in the Labrador Sea 
pack ice are summarized in Table 3.37.  Although the numbers are approximate, they indicate the 
variability of the pack ice conditions. 



LABRADOR SHELF OFFSHORE AREA SEA – FINAL REPORT 

Sikumiut Environmental Management Ltd.  © 2008          August 2008    153 

Table 3-37 Ice Thicknesses in Lake Melville and the Labrador Sea 
Ice Thickness 

(m) Ice Type 
Mean Maximum 

Lake Melville 
-smooth 
-hummocked 
-ridged 

0.75 
2.0 
4.0 

1.5 
5.0 
13.0 

Labrador Pack Ice 

-smooth 
-hummocked 
-ridged 
-multiyear 

1.0 
2.0 
3.0 
6-9 

1.5 
5.0 
7.0 

14-17 
Source:  Department of Development and Tourism 1985. 

An Ice Profiling Sonar (IPS), deployed on the Makkovik Bank (Ross et al. 2006), recorded numerous 
ice ridge keels.  A sample of the deepest ice keels are given in Table 3.38, with drafts ranging from 16 
to 22 m during the 2002-2003 season.  The deepest drafts recorded during the 2004 to 2005 season, 
as shown in Table 3.39, were 12 to 16 m. 

Table 3-38 Ice Keels with the 25 Largest Ice Drafts during the 2002/2003 Ice Season at 
Makkovik Bank 

Start Date/Time End Date/Time Width (m) Maximum Draft (m) 
2003/04/14 01:47:07 2003/04/14 02:04:45 143 22.29 
2003/04/16 00:01:14 2003/04/16 00:03:10 63 20.80 
2003/04/15 15:52:39 2003/04/15 15:55:38 57 19.59 
2003/05/27 18:42:57 2003/05/27 18:44:01 54 19.27 
2003/04/14 01:23:07 2003/04/14 01:26:23 27 18.20 
2003/04/15 23:59:38 2003/04/16 00:01:07 48 17.68 
2003/04/14 09:46:17 2003/04/14 10:25:14 412 17.09 
2003/05/18 21:22:05 2003/05/18 21:27:19 52 16.91 
2003/04/21 16:31:06 2003/04/21 16:34:49 45 16.82 
2003/04/18 11:37:01 2003/04/18 11:40:54 52 16.63 
2003/04/21 12:55:34 2003/04/21 13:00:40 60 16.27 
2003/04/28 06:18:07 2003/04/28 06:57:19 252 16.25 
2003/04/25 12:14:45 2003/04/25 12:17:09 42 16.01 
2003/04/14 08:34:11 2003/04/14 08:37:52 25 15.77 
2003/04/15 13:42:11 2003/04/15 13:51:40 128 15.74 
2003/04/21 19:41:21 2003/04/21 19:45:00 58 15.72 
2003/04/15 09:21:12 2003/04/15 09:46:43 243 15.69 
2003/04/24 14:31:57 2003/04/24 14:45:20 90 15.62 
2003/04/16 23:41:47 2003/04/16 23:42:55 34 15.49 
2003/04/16 13:09:53 2003/04/16 13:14:18 134 15.45 
2003/04/18 20:57:04 2003/04/18 21:03:49 45 15.43 
2003/04/21 22:50:11 2003/04/21 22:51:05 21 15.43 
2003/04/20 05:04:28 2003/04/20 05:07:11 35 15.33 
2003/04/19 20:46:33 2003/04/19 20:53:05 103 15.32 
2003/04/22 04:48:23 2003/04/22 04:50:51 67 15.16 

Source:  Ross et al. 2006. 
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Table 3-39 Ice Keels with the 25 Largest Ice Drafts during the 2004/2005 Ice Season at 
Makkovik Bank 

Start Date/Time End Date/Time Width (m) Maximum Draft (m) 
2005/04/05 06:30:28 2005/04/05 06:32:12 47 15.91 
2005/04/06 08:04:33 2005/04/06 08:05:35 30 14.82 
2005/03/05 08:15:33 2005/03/05 08:17:04 19 14.15 
2005/04/10 06:23:47 2005/04/10 06:26:11 37 13.96 
2005/04/09 22:38:51 2005/04/09 22:42:44 52 13.60 
2005/04/10 06:50:03 2005/04/10 06:51:59 30 13.34 
2005/03/08 17:14:22 2005/03/08 17:15:35 26 13.16 
2005/05/04 04:24:24 2005/05/04 04:26:57 42 12.80 
2005/05/04 04:21:04 2005/05/04 04:22:09 18 12.65 
2005/03/26 21:36:15 2005/03/26 21:38:00 17 12.62 
2005/05/03 09:13:40 2005/05/03 09:16:32 55 12.58 
2005/03/04 13:33:46 2005/03/04 13:38:22 58 12.53 
2005/04/10 11:05:27 2005/04/10 11:07:45 40 12.50 
2005/04/10 05:53:33 2005/04/10 05:55:08 31 12.38 
2005/03/12 23:42:17 2005/03/12 23:42:58 16 12.32 
2005/04/10 17:57:04 2005/04/10 18:00:35 29 12.16 
2005/03/28 05:17:01 2005/03/28 05:31:46 462 12.16 
2005/05/05 15:55:18 2005/05/05 15:56:40 34 11.84 
2005/05/02 21:15:51 2005/05/02 21:17:02 28 11.66 
2005/05/09 11:51:56 2005/05/09 11:53:29 50 11.61 
2005/04/10 04:58:27 2005/04/10 04:59:55 22 11.59 
2005/05/04 20:44:30 2005/05/04 20:47:21 46 11.58 
2005/05/02 20:37:48 2005/05/02 20:39:12 32 11.43 
2005/04/10 06:17:11 2005/04/10 06:19:07 30 11.38 
2005/04/01 07:58:33 2005/04/01 08:00:48 19 11.36 

Source:  Ross et al. 2006. 

3.6.5 Multi-year Ice 

Information on multi-year ice is primarily limited to studies conducted by Fenco in the 1970s (Fenco 
1976, 1977, 1978a, 1978b).  The ice cover off the coast of Labrador consists primarily of first-year ice 
formed in the region, mixed with small quantities of multi-year ice that has migrated from northern 
waters.  The latter comprises a small proportion of the overall pack (typically less than 10 percent).  A 
multi-year ice floe population study near existing offshore well sites conducted by Fenco in 1978 is 
summarized in Table 3.40.  Results revealed that the combined surface area of multi-year floes was 
0.12 percent of the total area surveyed.  The study concluded that the population of multi-year ice floes 
offshore Labrador varies considerably with time and location.  The average surface areas of multi-year 
ice floes were generally larger in northern areas and latter portions of the survey. 

Table 3-40 Surface Areas of Multi-year Ice Floes 

Location Date # 
Average 

Area 
(m2) 

Standard 
Deviation 

(m2) 

Minimum 
Area 
(m2) 

Maximum Area 
(m2) 

Fish Cove Point March 10 2 3500 2218 1932 5069 
Fish Cove Point March 14 3 5689 4970 2008 11343 
Fish Cove Point March 22 25 2629 1286 666 5320 
Fish Cove Point March 28 3 4745 3208 2236 8360 
Fish Cove Point April 7 4 4639 2842 1281 7076 

Kikkertavak Island May 17 7 2773 1208 1740 4453 
Kikkertavak Island May 15 26 2375 2100 567 10586 
Kikkertavak Island May 30 8 3805 1702 1840 6643 
Kikkertavak Island June 7 3 1175 444 666 1480 
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Location Date # 
Average 

Area 
(m2) 

Standard 
Deviation 

(m2) 

Minimum 
Area 
(m2) 

Maximum Area 
(m2) 

Cape Kiglapait March 9 17 3276 1761 1369 8027 
Cape Kiglapait March 20 1 1115 - - - 
Cape Kiglapait March 30 0 - - - - 
Cape Kiglapait April 10 0 - - - - 
Cape Kiglapait April 23 30 2760 1353 777 6004 
Cape Kiglapait April 30 5 11344 7488 5824 24522 
Cape Kiglapait May 17 42 3394 1349 1360 8282 
Cape Kiglapait May 25 7 4926 3094 1849 10283 
Cape Kiglapait May 30 6 5470 3933 2200 12769 
Cape Kiglapait June 7 14 3262 1007 2365 5824 

Saglek March 8 6 4482 2997 725 8181 
Saglek March 19 3 6830 5623 2116 13054 
Saglek March 29 2 4245 1588 3222 5368 
Saglek April 10 1 4288 - - - 
Saglek April 25 91 3458 1589 567 9860 
Saglek May 1 206 3232 1927 576 11462 
Saglek May 12 154 3746 2000 576 13936 
Saglek May 26 56 3521 1316 540 6916 
Saglek May 31 13 4261 1497 2254 6298 
Saglek June 7 13 4997 2294 2116 9344 

Source:  Fenco 1978a. 

Although not clear with any degree of certainty, it is believed that multi-year ice originates in western 
Greenland and Baffin Bay (Fenco 1976).  Between August 2006 and May 2007, a multi-year floe was 
tracked from the Lincoln Sea in the Arctic Ocean to the northeast coast of Newfoundland in Notre 
Dame Bay (Baird 2007), which indicates that at least some portion of the multi-year ice on the Labrador 
Shelf originates in the Arctic Ocean.  It appears that some multi-year ice floes are remnants of ridges or 
rafted portions of first-year ice that have not melted during the summer.  Surveys conducted by Fenco 
in the 1970s report thicknesses ranging from: 

• 4.67 to 11.02 m in 1976; 

• 5.3 to 28.8 m in 1977; and 

• 4.3 to 32.2 m in 1978. 

Masses as high as 793,000 tonnes have been established for multi-year floes on the Labrador Shelf 
(Fenco 1976).   

Concentrations of multi-year ice in the Labrador Sea display a great deal of variability.  A trend that has 
been noted is the southerly position of the Arctic ice pack at key times of the year.  If the supply of ice 
from the Arctic islands and Baffin Bay begins its journey southward in late spring or summer, then the 
floes will probably melt before they reach the Labrador coast.  Conversely, if the ice begins its southerly 
migration in late fall or winter, melting is minimized and higher concentrations are experienced offshore 
Labrador.   

Ice charts identify multi-year ice predominately in trace amounts interspersed throughout the main 
pack.  There are occurrences of concentrations of 1/10 or 2/10 of old/multi-year ice along the Labrador 
coast; but only for small “pockets”.  The presence of "slob" ice, which usually consists of ice pieces 
below Radarsat resolution, makes it very hard to identify with an absolute precision the true 
concentration of multi-year ice.  Typically, these small pockets of higher concentrations are found after 
a sea ice patrol investigates a particular region at a certain time of the year (e.g., seal hunt or other 
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special mission).  Observers onboard are in a better situation to pin-point the higher pockets of multi-
year and old ice, but after a few days of drift, confidence in the location of these pockets drops off.  The 
ice is usually re-absorbed in a bigger region containing only trace amounts (L. Desjardins, pers. 
comm.). 

3.7 Iceberg Occurrence 

Iceberg occurrence may be described in terms of flux (i.e., number of icebergs crossing a degree 
latitude), but is more often expressed in terms of areal density (average number of icebergs per unit 
area).  Iceberg areal density is required to calculate impact frequency with the surface of subsea 
structures.  Whereas a plot of raw iceberg sightings is useful for a qualitative sense of iceberg 
distribution (see Figure 3.47), the calculation of iceberg frequency requires knowledge of the frequency 
and coverage of iceberg surveys.  During a survey it is equally important to establish either the absence 
or presence (and number) of icebergs. 

Figure 3.47 Iceberg Sightings in Strategic Environmental Assessment Area by International 
Ice Patrol and Provincial Aerospace Ltd. 
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Petro-Canada (1983) analyzed International Ice Patrol (IIP) data from 1963 to 1976 to produce iceberg 
density maps (the original flight data used to generate these plots is no longer available).  Sightings 
were grouped into cells measuring one degree of longitude by a half-degree latitude.  The total number 
of sightings for each cell was normalized by the number of flights over each cell, as determined by the 
number of instances when icebergs were reported.  It is worth noting that there was no method to 
determine when a survey resulted in zero sightings, thus in this respect the results are conservative.  
The sightings were broken down into three “seasons”: summer (July to October), winter (November to 
February) and spring (March to June).  Results of the analysis are shown in Figure 3.48.  Also shown is 
the nominal number of flights over each cell. 

Figure 3.48 Iceberg Densities Based on International Ice Patrol Surveys 

 
Source:  Petro-Canada 1983. 
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CIS iceberg charts spanning the period from 1988 to 2006 were used to calculate iceberg densities.  
For each degree square, the analysis first required the calculation of mean monthly iceberg counts, 
which were then averaged to get average annual iceberg counts.  Based on a comparison between 
iceberg sighting data recorded by the CIS and Provincial Aerospace Limited (PAL) for the period 
between 1992 and 2006 (C-CORE 2007) in the latitude range 54°N to 58°N, CIS iceberg counts were 
increased by a factor of 1.63.  Average monthly CIS iceberg counts for each degree square were 
averaged to obtain mean iceberg densities and then increased by the 1.63 factor discussed above.  
Based on the distribution of raw iceberg sightings in each degree square (see Figure 3.47) average 
annual iceberg densities were broken down into half-degree values.  The results of this analysis are 
shown in Figure 3.49.  For comparison, the average annual iceberg density on the northeast Grand 
Banks is approximately 1×10-4/km2. 

Figure 3.49 Annual Average Annual Iceberg Areal Density Based on CIS Charts  
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3.7.1 Iceberg Drift 

Contact frequency with structures is directly related to iceberg drift speed and has an important 
influence on loads that can be developed during collisions.  Iceberg drift speed standard deviation is 
related to the difference between mean iceberg drift speed and mean iceberg impact speed.  Iceberg 
drift data from wellsite reports (e.g., Marine Environmental Services 1977; MacLaren Marex 1980; 
MacLaren Plansearch 1981, 1982) can be used to obtain mean drift speeds for specific locations and 
time periods, but it is also necessary to develop an understanding of the larger scale iceberg drift 
patterns. 

Iceberg sighting data were compiled manually from wellsite reports and iceberg ranges and bearings 
were used to calculate iceberg positions (kilometres north and east) relative to the various well sites.  
Changes in iceberg locations, combined with elapsed times between successive sightings, allowed drift 
speeds and directions to be calculated.  Periods when icebergs were grounded or under tow were 
excluded from the analysis.  The majority of sightings were collected at one-hour time intervals.  
However, recorded sighting intervals were as short as 1 minute and as long as several days.  To avoid 
errors associated with iceberg drift speeds based on short time intervals between sightings (resulting 
either in zero drift speeds or unusually high speeds due to issues with sensor resolution), or errors 
associated with long time intervals between sightings (due to meandering iceberg motion), iceberg drift 
statistics were based on successive iceberg sightings with elapsed periods of 40 minutes to 8 hours.  
The mean drift speed and the mean drift direction for each of the well sites are provided in Table 3.41.  
The mean drift direction was calculated by summing the easterly and northerly components of all of the 
drift vectors and calculating the orientation of the resultant vector.  In all cases, the distribution of drift 
speeds was well represented by the gamma distribution.  Combining data from the various well sites 
gives a mean drift speed of 0.25 m/s, with a standard deviation of 0.17 m/s.   

Table 3-41 Iceberg Drift Characteristics from Wellsite Reports   
Drift Speed (m/s) Wellsite Year Mean St. Dev. 

Mean Drift 
Bearing (°) 

Number of 
Observations 

Bjarni O-82 1979 0.24 0.16 156 4289 
Bjarni O-82 1980 0.32 0.22 141 308 
Bjarni O-82 1981 0.25 0.19 155 3240 
Bjarni H-81  1973 0.23 0.18 183 1427 
North Bjarni F-06 1981 0.30 0.19 115 1389 
Tyrk P-100 1979 0.23 0.14 138 5010 
Herjolf M-92 1976 0.32 0.18 148 545 
Corte Real P-85 1982 0.23 0.17 85 1338 
Corte Real P-85 1983 0.27 0.17 156 2744 
Roberval C-02 1980 0.26 0.16 175 1014 
Roberval K-92 1979 0.24 0.14 99 6542 
Gudrid H-55 1975 0.24 0.18 122.6 7102 

The “state-of-the-art” in iceberg drift forecasting is conducted by the CIS.  The dynamic model accounts 
for water and air drag forces, wave radiation stress, water pressure gradient and added mass.  Forcing 
is provided by ocean currents from the CIS coupled ice-ocean model and winds and waves from the 
Canadian Meteorological Centre.  Iceberg drift tracks of two days duration were generated in hindcast 
mode at weekly intervals for a period covering 2000 to 2006 (the period for which archived currents are 
available for use in the driving model).  Initial iceberg locations were on a grid spacing of 0.5 degrees 
longitude and 0.25 degrees latitude over the study area.  Average drift speeds and net drift directions 
generated by the model are shown in Figure 3.50.  Mean drift speeds vary from 0.13 to 0.46 m/s, with 
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an overall mean of 0.24 m/s.  A comparison between observed and modelled mean drift speeds for the 
various sites indicated showed consistent results.   

Figure 3.50 Mean Iceberg Drift Vectors from Canadian Ice Service Iceberg Drift Model 

 

3.7.2 Iceberg Size 

Iceberg size is typically characterized by waterline length, defined as the maximum dimension of the 
iceberg along the waterline.  The distribution of iceberg waterline length is an important parameter for 
calculating iceberg impact rates and loads for surface structures, evaluating iceberg management 
effectiveness, and assessing risk to pipelines and subsea structures.  The iceberg waterline length 
distribution for the Grand Banks was shown to be well-represented by an exponential distribution with a 
mean of 59 m (Jordaan et al. 1995).  Excluding ice islands observed during the 2002 to 2004 ice 
seasons, recent iceberg data collected on and around the Grand Banks have supported this 
assessment.  Various iceberg survey programs in the SEA Area are discussed below. 
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3.7.2.1 2006 Survey Program 

The 2006 Labrador iceberg survey program was conducted as part of an evaluation of the capabilities 
of dual-polarization synthetic aperture radar for the detection and classification of icebergs (C-CORE 
2006b).  A total of 325 icebergs were detected in the survey area, of which 138 with waterline lengths 
≥16 m were examined visually.  The mean waterline length of icebergs ≥16 m was 76.9 m (standard 
deviation 46.3 m), with a maximum waterline length of 311 m.   

3.7.2.2 Iceberg Physical Dimensions Study 

Above-water dimensions for 607 icebergs were obtained from aerial surveys over the Labrador Sea 
during the spring of 1979 (Petro-Canada 1983).  Thirty-five flight lines were flown perpendicular to the 
coast between March 2 and June 11 at an altitude of approximately 900 m.  For the 556 icebergs with 
waterlines ≥16 m, the mean waterline length was 37.5 m, with a standard deviation of 23 m.  The 
maximum waterline length recorded was 204 m.  The presence of so many small icebergs is 
counterintuitive, and may be an anomaly restricted to that particular year and season. 

3.7.2.3 Icebergs Observed During Drilling Operations 

Iceberg waterline length data collected during drilling operations in the 1970s and early 1980s were 
provided in towing logs as well as the iceberg track records.  Approximately 26 percent of the icebergs 
recorded in the wellsite reports had waterline lengths reported.  A small number were recorded as 
bergy bits or growlers and were not assigned waterline lengths.  The mean waterline length for the 
combined dataset of 350 icebergs with waterline lengths ≥16 m is 112.3 m, with a standard deviation of 
72.5 m and a maximum of 568 m.   

3.7.2.4 Voisey’s Bay Iceberg Survey 

C-CORE (1998) conducted iceberg surveys in the vicinity of Voisey’s Bay in 1998.  Two helicopter 
flights (March 31 and April 2) were used to locate icebergs that were then recorded using a video 
camera.  Iceberg dimensions were determined from an analysis of the videotape.  The height of some 
of the larger icebergs was determined by hovering next to the icebergs and recording the values shown 
on the altimeter.  A total of 89 icebergs were observed, three of which were in the bergy bit and growler 
classes.  The mean waterline length (≥16 m) was 63.0 m, with a standard deviation of 46.5 m and a 
maximum of 226 m. 

3.7.2.5 International Ice Patrol Surveys 

The IIP has performed numerous aerial surveys of the iceberg population on the Labrador Shelf, where 
icebergs were assigned one of several size classes.  These data are part of the PERD (Verbit et al. 
2006) Iceberg Sighting Database.  A breakdown of the number of icebergs sighted in the SEA Area in 
the various size classes, as well as values for the northern Grand Banks is provided in Table 3.42.  
These sightings are strictly aerial sightings by the IIP.  The “large” and “very large” size classes have 
been combined, as the “very large” size class appears to be a relatively recent invention (no “very 
large” icebergs were reported prior to 1993).   
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Table 3-42 Size Class Data from International Ice Patrol Aerial Surveys 
Grand Banks Study Area Size Class 

(Waterline Length – m) Number Proportion 
% Number Proportion 

% 
Small (16 to 60) 2,020 49.4 2,045 53.6 
Medium (61 to 122)  1,507 36.9 1,168 30.7 
Large and Very Large (>123) 561 13.7 597 15.7 

The combined datasets compared with the iceberg size distribution used on the Grand Banks (Jordaan 
et al. 1995) and with IIP data collected in the SEA Area are shown in Figure 3.51.  The IIP distribution 
(based on numbers in different size classes) and the combined data sets are reasonably consistent 
with the Grand Banks distribution.  Although the Grand Banks iceberg waterline length distribution is 
characterized as exponential with a mean of 59 m (which, being exponential, means that both the mean 
and standard deviation are 59 m), if a minimum cutoff is applied (in this case 16 m), then the mean 
shifts by a value equal to the cutoff (resulting in a mean of 75 m) but the standard deviation is 
unchanged.  The combined Labrador dataset has a mean of 67.4 m (for icebergs with waterline lengths 
≥16 m) and a standard deviation of 58.2 m.  Considering that, there was a bias in the industry data 
towards larger icebergs, which would make the combined mean of 67.4 m conservative, this suggests 
that the same size distribution may be used for both the Grand Banks and the Labrador Shelf.  This 
does not include the case of ice islands, as discussed in Section 3.7.3. 

Figure 3.51 Combined Waterline Length Datasets Compared with International Ice Patrol Size 
Class Observations and Grand Banks Waterline Length Distribution 
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The variability in some of the data, such as the Petro-Canada (1983) Iceberg Physical Dimension 
Study, may be a result of natural fluctuations.  This demonstrates the need for ongoing iceberg surveys 
in the study area. 

3.7.3 Ice Islands 

On occasion, ice islands are sighted off the coast of Newfoundland and Labrador.  Ice islands are a 
special class of tabular iceberg characterized by their large size (ranging from hundreds of metres to 
several kilometres), low freeboard (generally less than 20 m) and undulating surface.  Ice islands are of 
interest due to challenges associated with towing such large masses and high loads that would be 
expected in the event of a collision with a platform.  Ice islands can be difficult to detect, as they do not 
show up well on ship radar because of their low freeboard.  From the air, they can be mistaken for pack 
ice and, if accompanied by pack ice, an ice island can be very difficult to detect.   

A description put forward by Newell (1993) defined Atlantic ice islands as a very large, low, flat-topped 
iceberg having a length that exceeds 500 m if north of latitude 50°N or exceeding 300 m if south of that 
latitude and emanating from the ice shelves of Northern Ellesmere Island or the east coast of 
Greenland.   

There are a number of reports of ice islands off Newfoundland and Labrador.  Newell (1993) gave a 
review of larger icebergs and ice islands sighted from 1900 to 1992.  Many of the ice islands listed are 
several kilometres long, with a maximum length of approximately 20 km.  The PERD (2004) database 
also lists a large tabular iceberg (length 1,370 m, width 1,005 m) sighted in 1945 in the southern 
Flemish Pass off the Grand Banks.  The freeboard of this iceberg was approximately 15 m, which is 
consistent with recent sightings of large tabular icebergs.  An ice island observed by the IIP (Robe et al. 
1977) in 1976 was approximately 600 to 700 m in length.  Ice islands were observed on or near the 
Grand Banks in 2002, 2003 and 2004, with the peak occurring in 2003.  The ice islands sighted in 2002 
likely originated from a single ice island which, when sighted north of the Grand Bank (approximately 
51°N) by DFO was estimated to be 7 km in length (Stoermer and Rudkin 2003).  Large ice islands have 
been sighted just off northern Labrador in 2004 and 2005.  An ice island was observed to enter Ugava 
Bay and, according to imagery collected on August 19, 2004, measured 3 km × 2.5 km (C-CORE, 
2007).  This ice island was tracked from May 13 to September 5 by Luc Dejardins of the CIS, during 
which time the ice island moved through the Hudson Strait, into Ugava Bay and circled Akpatok Island 
several times, after which it is thought to have broken apart.  Another ice island, measuring 2.2 km × 
1.5 km was sighted in Ungava Bay in July and August of 2005. 

While not common, ice islands do occur on the Labrador Shelf.  There are insufficient data to determine 
with any degree of accuracy the frequency of ice islands in the SEA Area.  Based on the sightings 
discussed, it may be estimated that an ice island passes through the study area every two to five years. 

An ice island size distribution based on recent sightings on the Grand Banks data would not be 
appropriate, since many ice islands would have fragmented before drifting that far south.  Ice island 
sightings in Ungava Bay (3 and 2.2 km in 2004 and 2005, respectively), north of the Grand Banks (7 km 
in 2003) and ice island sightings documented by Newell (1993) on the Labrador Shelf (approximately 
3.5 km average) suggest that an ice island of several kilometres should be considered for collision 
frequency and load analyses.  The masses involved become enormous – on the order of 500 million 
tonnes for a 5-km ice island.   
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An analysis of ice island trajectory data from sightings in the Grand Banks region indicates that ice 
island drift speeds may be approximately 10 percent higher than the general iceberg population.  This 
is likely due to the ice island geometry, which may present a larger surface area for wind drag or the 
low keel depth (compared to other large icebergs), which increases the influence of shallow faster 
surface currents.   

3.8 Iceberg Scour 

3.8.1 Introduction 

Iceberg scours (see Figure 3.52), are an important consideration for pipelines and subsea facilities on 
the Labrador Shelf.  Previous assessments of iceberg scour risk on the Labrador Shelf (Petro-Canada 
1983) have been very conservative due to limitations in the available data.  An analysis of recent data 
collected on the Makkovik Bank (C-CORE 2006b) indicates that the risk posed by iceberg scour is 
considerably lower than previously thought.  Therefore, the emphasis here is on a description of the 
newest data collection, analysis techniques and results.  For pipelines and other infrastructure subject 
to scour, risk-based calculations of design scour parameters require two key pieces of information, 
scour encounter frequency and scour geometry distribution.   

3.8.2 2003 Makkovik Survey Program 

Multibeam sonar bathymetry data were acquired by Fugro Jacques Geosurveys Inc. (FJG) in 
September 2003, over areas of Makkovik Bank surveyed during the 1985 DIGS experiment and Bjarni 
wellsite investigations (Hodgson et al. 1988; Geomarine 1976, 1980).  The total survey area, shown in 
Figure 3.53 was approximately 440 km2 and the line spacing was designed to provide continuous 
overlapping swath coverage for all water depths surveyed.  The multibeam system was rated to 
measure depths up to 300 m with a range resolution of 1.25 cm, and obtains a swath width of up to  
7.4 times the water depth (FJG 2005).  Data were processed to produce gridded bathymetric data and 
backscatter imagery. 

3.8.3 Scour Geometry 

The survey data extraction process produced a large, high quality dataset (see C-CORE 2007 for more 
detail).  The number of scour features and profiles are given in Table 3.43.  Each of the scour features 
was characterized as a scour (linear furrows), pit (circular or oval features), or a scour with an 
associated pit.  A breakdown of the numbers of scours, pits, and scours with associated pits for each of 
the survey sites is provided in Table 3.44.  It can be seen that the proportion of isolated pit features 
varies considerably over the different sites, from less than 10 percent at the Environmental Studies 
Research Fund (ESRF) site, to over 40 percent in the southern portion of the Bjarni site (see Figure 
3.53). 
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Figure 3.52 Iceberg Scouring Through Fine-grained Sediment, with Some Characteristic 
Features Indicated 

 
Source:  Woodworth-Lynas et al. 1992, with modifications. 
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Figure 3.53 Location of 2003 Surveys and Previous Survey Sites 

 
Source:  C-Core 2006b. 

 
Table 3-43 Scour Features in Makkovik Data Analysis 

Site Documented Scour Features Scour Feature Profiles 
ESRF 2,417 37,081 
Gladys 1,308 31,018 
Bertha 422 11,236 
North Bjarni 290 11,953 
South Bjarni 2,119 30,422 
Total 6,556 121,710 

 
Table 3-44 Types of Scour Features in Makkovik Scour Dataset  

Site Total Scour 
Features Scours % Scours Pits % Pits Scours with 

Pits 
% Scours 
with Pits 

ESRF 2,417 1,925 79.6 233 9.6 259 10.7 
Gladys 1,308 825 63.1 269 20.6 214 16.3 
Bertha 422 255 60.4 131 31.0 36 8.5 
North Bjarni 290 175 60.3 74 25.5 41 14.1 
South Bjarni 2,119 1,006 47.5 869 41.0 244 11.5 
Total 6,556 4,186 63.8 1,576 24.0 794 12.1 
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3.8.3.1 Scour Depth 

Scour depths overall have a mean of 0.77 m with a standard deviation of 0.62 m and in the 145 m 
depth range the maximum scour depth was 6 m.  The distribution of scour depth is shown in Figure 
3.54.  The scour depth as a function of water depth is provided in Table 3.45, further breakdown with 
respect to sediment type is provided in Table 3.46.  Scour depth increases with water depth and with 
seabed slope.  Attempts to generate soil-type-specific equations produced unsatisfactory results, since 
most soil types did not exist over the required range of water depths and seabed slopes.  Scour depth 
distributions were generated for the various sites, broken down according to water depth range and soil 
type.  Scour depth distributions in different soil types is shown in Figure 3.55.   

Figure 3.54 Combined Scour Depth Distribution and Scour Depth Distributions by Site 

 
 

Table 3-45 Variation in Scour Profile Depth with Water Depth 

Water Depth Range 
(m) Number of Scours Number of Profiles Mean Scour Depth 

(m) 
Standard Deviation 

of Scour Depth 
(m) 

≥85 & <95 437 5,343 0.17 0.17 
≥95 & <105 519 6,586 0.24 0.26 
≥105 & <115 650 9,207 0.34 0.48 
≥115 & <125 415 4,198 0.40 0.51 
≥125 & <135 1022 17,434 0.39 0.42 
≥135 & <145 1824 32,363 0.38 0.41 
≥145 & <155 1267 21,151 0.39 0.41 
≥155 & <165 325 3,636 0.62 0.60 
≥165 & <175 159 2,220 0.78 0.69 
≥175 & <185 126 1,570 0.86 0.84 
≥185 & <195 82 1,018 1.17 0.97 
≥195 & <205 48 1,072 1.29 0.99 
≥205 & <215 20 549 1.98 1.24 
≥215 & <225 1 113 1.76 0.67 
Total/Avg. 6895 106,460 0.77 0.62 
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Table 3-46 Variation in Mean Scour Profile Depth with Water Depth and Sediment Type 
Mean Scour Depth 

(m) - Number of Scour Profiles given in Italics Water Depth 
Range (m) Till 

Till with 
Discontinuous 
Sand Veneer 

Sand Veneer Sand Silt 

≥85 & <95 0.16 (5,299)  0.31 (44) N.A N.A. N.A. 
≥95 & <105 0.24 (1,337) 0.24 (4,944) N.A. 0.29 (305) N.A. 
≥105 & <115 0.61 (1,564) 0.29 (6,914) 0.12 (43) 0.24 (686) N.A. 
≥115 & <125 0.50 (2,400) N.A. 0.17 (573) 0.17 (513) 0.42 (712) 
≥125 & <135 0.47 (5,662) 0.40 (6,743) 0.19 (2,444) 0.15 (43) 0.37 (2,542) 
≥135 & <145 0.23 (36) 0.37 (28,898) 0.41 (2,301) N.A. 0.53 (1,128) 
≥145 & <155 N.A. 0.38 (17,860) 0.43 (3,291) N.A. N.A. 
≥155 & <165 N.A. 0.52 (1,093) 0.66 (2,412) N.A. 0.71 (131) 
≥165 & <175 N.A. N.A. 0.66 (320) N.A. 0.80 (1,900) 
≥175 & <185 N.A. N.A. N.A. N.A. 0.86 (1,570) 
≥185 & <195 N.A. N.A. N.A. N.A. 1.17 (1,018) 
≥195 & <205 N.A. N.A. N.A. N.A. 1.29 (1,072) 
≥205 & <215 N.A. N.A. N.A. N.A. 1.98 (549) 
≥215 & <225 N.A. N.A. N.A. N.A. 1.76 (113) 
All Depths 0.37 (16,298) 0.36 (66,496) 0.42 (11,384) 0.22 (1,547) 0.81 (10,735) 

 

Figure 3.55 Scour Depth Distributions by Sediment Type 

 

3.8.3.2 Scour Width 

Most discussions of scour width are restricted to the berm-to-berm scour width, which is the distance 
between the tops of the two soil berms on either side of the scour.  While this parameter is easily 
determined from sidescan survey data, it is not as accurate a measure of seabed disturbance as the 
incision width, which is the width of the incision gouged into the seabed by the iceberg keel during the 
scouring process.  Mean incision widths as a function of water depth are provided in Table 3.47.  The 
distribution of scour incision width is best represented by a lognormal distribution. 
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Table 3-47 Variation in Scour Width with Water Depth 
Incision Width Water Depth Range 

(m) 
Number of 

Scours 
Number of  

Profiles Mean 
(m) 

Standard Deviation 
(m) 

≥85 & <95 437 5,343 26.7 11.5 
≥95 & <105 519 6,586 30.9 16.3 
≥105 & <115 650 9,207 32.3 19.3 
≥115 & <125 415 4,198 37.6 25.7 
≥125 & <135 1022 17,434 36.4 22.1 
≥135 & <145 1824 32,363 36.3 21.7 
≥145 & <155 1267 21,151 40.1 23.8 
≥155 & <165 325 3,636 45.3 30.6 
≥165 & <175 159 2,220 38.7 20.6 
≥175 & <185 126 1,570 40.6 21.7 
≥185 & <195 82 1,018 47.2 24.5 
≥195 & <205 48 1,072 52.3 28.3 
≥205 & <215 20 549 57.5 29.8 
≥215 & <225 1 113 68.7 19.9 

3.8.3.3 Scour Length 

The mean length of all scours measured in the 2003 dataset is 305 m (see Figure 3.56) and the 
distribution of scour length follows a lognormal distribution.  The lognormal distribution also 
characterizes the length distribution when considered on a site-by-site basis.  The distributions of scour 
lengths by site are given in Table 3.48.  The mean scour lengths determined for the ESRF and Bertha 
sites during the DIGS experiment were 317 and 185 m, respectively (Hodgson et al. 1988), which is 
comparable to values obtained here.  The mean scour length for the North and South Bjarni sites, 
obtained by an analysis of line-drawings traced from the side-scan swaths, was 281 and 542 m, 
respectively (King 2002).  For comparison, the mean scour length in the White Rose region of the 
Grand Banks, corrected for scour truncation at the edge of survey areas, is approximately 650 m (C-
CORE 2001a).  Few scours in the Makkovik dataset were truncated, thus the scour length distribution 
was used “as is”. 

Table 3-48 Scour Length Statistics by Site 

Site Scours Mean 
(m) 

Standard Deviation 
(m) 

Maximum 
(m) 

ESRF 2,184 288 411 5,455 
Gladys 1,039 283 364 4,167 
Bertha 291 241 248 1,825 
North Bjarni 216 528 671 3,832 
South Bjarni 1,250 331 355 3,135 

With the exception of the North Bjarni site, the scour length distributions for the various sites are 
reasonably consistent.  The reason for the discrepancy for the scour length distribution at North Bjarni 
remains unclear.   
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Figure 3.56 Distribution of Scour Length for Various Sites 

 

3.8.3.4 Scour Orientation 

Scour orientation is of interest since, in cases where scour orientation shows a strong directional bias, 
the frequency of pipeline scour crossing events is influenced by the pipeline direction relative to the 
dominate scour direction.  Scour orientation for each of the sites are shown in Figure 3.57.  It can be 
seen that the ESRF and Bertha sites show a “directional” bias, scour orientation at the Gladys site is 
essentially random and the North and South Bjarni sites appear to have two dominant directions 
(bimodal).  Although scour orientation was not given for the Gladys site in the DIGS study (Hodgson et 
al. 1988), the distributions of scour orientations were very similar to those shown in Figure 3.58 for the 
Bertha and ESRF sites.  Geomarine (1976) reported a similar bimodal distribution of scour orientation 
at the South Bjarni site. 
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Figure 3.57 Distribution of Scour Orientation for Various Sites 

 
 

Figure 3.58 Repetitive Mapping Analysis of Environmental Studies Research Fund Mosaic 
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3.8.3.5 Scour Rise-Up 

Scour rise-up is the difference in the maximum and minimum water depth along the length of a scour, 
and is a function of seabed slope and scour length.  Scour rise-up statistics for each site is provided in 
Table 3.49.  The distribution of scour rise-up may be used to assess the tendency of scouring icebergs 
to penetrate into open excavations such as a glory hole (C-CORE 2001b).  The distribution of scour 
rise-up is lognormal.  The mean, standard deviation and maximum scour rise-up for this data set was 
1.5, 1.5 and 32.1 m respectively.  By comparison, at White Rose they are 0.46, 0.90 and 11 m, 
respectively (C-CORE 2001c).  The difference is attributed to a number of factors including shallower 
seabed slopes (approximately 0.1 percent versus approximately 1 percent, on average) at White Rose. 

Table 3-49 Scour Rise-up by Site 

Site Scours Mean 
(m) 

Standard Deviation 
(m) 

Maximum 
(m) 

ESRF 2184 1.5 2.3 32.1 
Gladys 1039 1.3 1.2 11.9 
Bertha 291 1.7 1.4 9.9 
North Bjarni 216 1.5 1.2 7.3 
South Bjarni 1250 1.5 1.4 17.0 

3.8.3.6 Pit Depth 

Pits are round or oval in plan dimension.  Their greatly reduced extent, when compared with scours, 
means that on a per feature basis, pits are less likely to interact with subsea infrastructure.  Pits are 
also less common, but this reduced encounter rate is offset somewhat by the deeper depth distribution.  
Pits may occur as isolated features or may be associated with a scour, typically (but not necessarily) in 
the form of a terminal pit.  Of the 6,556 scour features in the Makkovik Bank dataset, 1,576 (24 percent) 
were isolated pits and 794 (12 percent) were pits associated with a scour.  In general, pits associated 
with scours tend to be slightly larger than isolated pits.  Isolated and scour-associated pits were 
considered as one dataset for the analysis. 

As with the scour depth extraction, pit depths were extracted at regular intervals along each pit feature.  
While it was possible to consider the variation in maximum profile depth along all the various pit 
features, given the limited plan dimensions of pits (compared to scours), the maximum measured depth 
within a given pit feature should be considered for risk analysis purposes.  The mean of the maximum 
pit depths is 1.26 m, with a standard deviation of 1.02 m, and the distribution is well-represented by a 
lognormal distribution.  For comparison, the mean pit depth measured in the White Rose region is 
1.1 m (C-CORE 2001a).  Distributions of pit depth according to water depth and soil type are provided 
in Tables 3.50 and 3.51, respectively.  The pit depths are well-characterized by lognormal distributions.  
In all cases, the maximum pit depth is considered (i.e., mean of maximum, standard deviation of 
maximum and maximum of maximum pit depths). 
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Table 3-50 Pit Depth and Effective Diameter Distributions as a Function of Water Depth 

Max. 
(m) 

Mean 
(m) 

Standard 
Deviation 

(m) 
Max. 
(m) 

Water 
Depth 

Range (m) 
Pits Mean 

(m) 
Standard 
Deviation 

(m) Pit Depths Effective Pit Diameter 
≥85 & <95 64 0.65 0.55 3.34 52.5 25.3 130 
≥95 & <105 71 0.93 0.81 4.20 58.9 28.9 160 
≥105 & <115 165 1.10 0.97 5.79 57.1 28.2 144 
≥115 & <125 93 1.23 0.87 4.30 68.3 34.6 164 
≥125 & <135 475 1.14 0.84 5.93 58.6 30.4 164 
≥135 & <145 843 1.23 0.95 7.87 62.9 34.4 234 
≥145 & <155 490 1.38 1.08 6.48 71.7 41.4 212 
≥155 & <165 120 1.88 1.27 7.09 78.7 40.4 190 
≥165 & <175 12 2.58 1.79 5.25 72.6 36.2 126 
≥175 & <185 17 2.03 2.36 10.17 62.7 39.4 144 
≥185 & <195 12 2.81 1.10 4.91 78.2 17.6 106 
≥195 & <205 6 1.78 1.43 4.17 62.8 29.2 110 
≥205 & <215 1 2.85 0 2.85 90.0 0 90 
≥215 & <225 2 2.28 0.46 2.60 63.4 7.8 68.9 

 
Table 3-51 Pit Depth by Soil Type   

Soil Type Pits Mean 
(m) 

Standard Deviation 
(m) 

Maximum 
(m) 

Till  279 1.19 0.90 5.93 
Till with Discontinuous 
Sand Veneer 1641 1.19 0.94 7.87 

Sand Veneer 253 1.52 1.23 6.48 
Sand 30 0.91 0.77 3.85 
Silt 137 1.72 1.35 10.17 

3.8.3.7 Pit Plan Dimensions 

Plan pit dimensions (length and width) influence interaction rates with pipelines and other subsea 
structures in a similar manner as scour length and width.  Pits are circular or oval in shape.  In terms of 
plan dimensions, each pit feature is characterized in terms of its length and maximum width.  For the 
purpose of this report, the horizontal dimension of interest is specified as Effective Diameter.  The 
mean and standard deviation of the Effective Diameter are 64.2 and 35.3 m, respectively, and the data 
are best characterized using the lognormal distribution.  The mean berm-to-berm effective diameter is 
75 m.  Variations in pit horizontal dimension based on water depth (Table 3.52) follow the same pattern 
as observed for pit depth.   

Table 3-52 Pit Incision Width by Soil Type 

Soil Type Pits Mean 
(m) 

Standard Deviation 
(m) 

Maximum 
(m) 

Till  279 64.3 33.6 164 
Till with Discontinuous 
Sand Veneer 1641 64.5 36.1 234 

Sand Veneer 253 61.7 33.4 212 
Sand 30 55.5 27.4 125 
Silt 137 61.7 30.7 164 
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3.8.4 Scour Rate 

A number of approaches have been used to estimate iceberg scour rates.  Iceberg scour rates on the 
Grand Banks (C-CORE 2001a) have been estimated using seabed scour density and the assumption, 
that “modern” scouring began on the Grand Banks approximately 2,500 years ago, with the 
strengthening of the inner branch of the Labrador Current.  Scour rates have also been estimated using 
an analysis of iceberg trajectory data (Banke 1989a, 1989b), observed scour densities and inferred 
sedimentation rates (Gaskill et al. 1985), and the density of scours observed in a megaripple field 
(Amos and Barrie 1982).  Numerical models (d’Apollonia and Lewis 1986; King 2002) have been 
employed to estimate iceberg grounding rates using iceberg frequency, draft distribution, drift and 
bathymetry.  The only practical direct measurement of scour rate though is through repetitive mapping.  
The following sections document the result of a repetitive mapping exercise and an iceberg grounding 
rate model (King 2002).   

A repetitive mapping analysis of the Makkovik Bank ESRF study area was conducted by FJG (2005), 
comparing the 2003 multibeam dataset to the existing 1985 DIGS sidescan data, in an effort to gauge 
the frequency of recent iceberg scour events (King and Sonnichsen 2008).  It was decided that detailed 
repetitive mapping analyses would be limited to the ESRF study area, which has the best quality 
historical data coverage, as well as the greatest variations in water depth and seabed sediment type of 
all of the Makkovik survey sites.  A comparison with the line-drawn scour interpretations produced by 
the Bjarni wellsite survey investigations (Geomarine 1976; 1980) was attempted, but the mapped 
features could not be correlated with the 2003 data with confidence.  This was due to positional 
uncertainties in the baseline surveys that prevented precise correlation with features with the 2003 
survey.  Additionally, there was considerable uncertainty with respect to the accuracy and 
completeness of the line drawings of scours produced from the interpretation of the original sidescan 
surveys, since most shallow scours were omitted.  Photomosaics and GSC line data from other DIGS 
sites were of lesser quality, and/or did not image the same density of well-defined, distinctive scours 
(inferred to be largely due to seabed characteristics).  During the ESRF repetitive mapping exercise, 
scours mapped in the 2003 multibeam dataset were classified as having previously existed, being 
outside the previous coverage area, undetermined, or apparently new. 

A thorough and exhaustive comparison was conducted in an effort to correlate features mapped from 
the 2003 multibeam imagery with features observed in the 1985 ESRF sidescan mosaic.  Correlation of 
individual scour features was sometimes difficult due to the heavily scoured character of the seabed, 
and concerns with the quality and positioning of the historical data.  However, the scour distributions 
observed in the 1985 and 2003 datasets were very similar, such that correlation of scour features could 
be performed with reasonable confidence across most of the ESRF study area.   

A high proportion of the ice scour features (1482; 59.2 percent) were interpreted to exist in the ESRF 
sidescan mosaic, and in some regions it is apparent from the lack of new/undetermined scours that 
scours can remain visible for centuries (see Figure 3.58).  A number of features, representing 16 
percent of the mapped 2003 scour population, remain undetermined due to their subtlety and lack of 
textural contrast and continuity, as well as positional uncertainties with the 1985 data.  Most of the 
scour features classed as undetermined are situated on the western face of the shallow-most till ridge, 
in an area of exposed coarse-grained substrate with limited scour continuity and textural contrast.  The 
character of scouring observed in this region is similar in the 1985 and 2003 datasets, but most scours 
could not be correlated with confidence.  It is possible (and perhaps probable based on overall scour 
frequency numbers) that the majority of these features existed at the time of the 1985 survey.  A total of 
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629 (25.1 percent) of the ice scour features included in the 2003 dataset lie outside of the area covered 
by the geo-referenced 1985 ESRF sidescan mosaic.  Only one feature (ESRF 2021) was tentatively 
interpreted as a new scour.   

Surficial sand and bedform distributions were found to be very similar over the 18-year interval, with no 
measurable change in gross bedform patterns, and no indication of net bedform migration (within 
system resolution).  In areas of thin, discontinuous sand veneer overlying gravel substrate, the 
sidescan sonar and multibeam backscatter imagery sometimes displayed differing amounts of sand 
cover, based on acoustic reflectivity contrasts.  This may be related to differences in sonar elevation, 
acoustic footprint and dynamic range, more than real variations in the abundance of surficial sand. 

Only one scour feature was inferred to be new but a number of other “undetermined” features were also 
noted.  In order to address the issue of uncertainty over undetermined features, two subsections of the 
ESRF mosaic that avoid the shallow till ridge and the edges of the ESRF mosaic were examined 
separately.  These two areas are on the western and eastern ends of the ESRF mosaic and cover 13.7 
and 6.8 km2, respectively.  It is unlikely that all 32 of the undetermined scour features are new, so it is 
assumed that the range is between 1 and 33.  On this basis, the mean scour feature formation rate may 
be estimated to be between 4.7×10-3 to 8.1×10-2/km2/yr.  With this range, even the lowest scour rate is 
approximately an order of magnitude higher than the mean rate for the northeast Grand Banks. 

The uncertainty in the scour rate is largely due to the poor quality of the 1985 baseline data.  The best 
way to obtain a reliable scour rate is to use the 2003 data as the baseline survey (440 km2 total area) 
and perform another survey in the future.  The sample size provided by repetitive mapping is the 
multiple of the survey area and elapsed time, so a sample using the 2003 data as the baseline would 
be at least a factor of three larger than obtained using the ESRF survey (36.6 km2 and 18 years 
elapsed time period).   

3.8.5 Geometric Grounding Model 

A simple model has been developed to allow the grounding rate of iceberg keels to be estimated (King 
2002).  The model uses data on iceberg frequency, draft distribution; mean drift speed, distribution of 
drift direction, water depth and seabed slope and orientation.  The model was tested using data from 
the Grand Banks in areas where the relevant input parameters are well established, and was found to 
produce reasonable estimates of grounding rates compared with rates obtained using other methods 
(King et al. 2003).  A recent analysis of repetitive mapping data for the northeast Grand Banks (C-
CORE 2006a) resulted in scour feature formation rates that agreed well with modelled grounding rates.   

Calculated grounding rates using the simplified equation over the central portion of the SEA Area are 
shown in Figure 3.59.  The mean scour feature formation rate obtained using repetitive mapping data in 
the eastern and western subsections of ESRF mosaic is in the range of  4.7×10-3 to 8.1×10-2/km2/yr, 
depending on the assumptions used in designating "undetermined" scours as new.  From the model, 
the predicted grounding rate is 6×10-2/km2/yr in the relevant portions of the ESRF mosaic. 
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Figure 3.59 Modelled Iceberg Grounding Rates Over the Central Portion of the Strategic 
Environmental Assessment Area 

It should be noted that the model may over-predict grounding rates in the central Makkovik Bank (Bjarni 
and North Bjarni), because it does not account for the sheltering effect of a shallower ridge on the 
western and northern flanks of the Makkovik Bank.  It may also over-predict scour rates on steep 
seabed, because it does not account for such bank edges to affect current direction (and iceberg drift) 
along contour rather than across contour.  Nevertheless, as model sophistication improves, it is should 
become an effective way to leverage the results from repetitive surveys. 

3.9 Data Constraints for Physical Environment 

Geological information is limited to certain areas and further detailed geological information will be 
required.  Much of the data available is based on information from the 1970s and 1980s and there is 
limited data below the top 100 m.  Much of the  core sample data is limited to 1 m depth, while this will 
give a general overview additional information will be required.  Boulder fields have been recorded but 
there is no detailed mapping.   

Detailed bathymetry (fine scale) and charting may be lacking for certain areas.  The database of current 
measurements for the region is limited.   

There is insufficient data to determine the frequency of ice island occurrence and this will be important 
as they are difficult to detect and track.   
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The exact trajectory (where, when and how much will reach shore) from an oil spill in the Labrador 
Shelf SEA Area is unknown.  Site-specific oil spill trajectory modelling will be required for any proposed 
exploration drilling project that may occur in the Labrador Shelf SEA Area. 

The present inability to reliably detect and map oil trapped in, under, on, or among ice is a critical 
deficiency, affecting all aspects of response to spills in ice. 

The current ability to clean up oil spills in the presence of sea ice is extremely limited (DeCola et al. 
2006). Ice conditions present the significant challenges to on-water spill response as there is very little 
commercially available equipment appropriate for use offshore in ice-infested waters.  This is an area of 
ongoing research and development. 

3.10 Unexploded Ordinance 

There are no known potential unexploded ordinances (UXO) sites within the Labrador Shelf SEA Area.   

3.11 Planning Considerations for the Physical Environment 

Site specific environmental assessments should include an analysis of extreme events, storm 
tracks, Labrador Sea polar lows and related oceanographic patterns.  This should include 
projections for climate change. 
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