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is not to be relied upon by any party. All implied warranties, including, without limitation, implied 
warranties of merchantability, fitness for a particular purpose, and non-infringement, are hereby 
expressly disclaimed. Links and references to any other websites are provided for information only and 
listing shall not be taken as endorsement of any kind. Nalcor Energy ς Oil and Gas Inc. is not responsible 
for the content or reliability of the linked websites and does not endorse the content, products, services, 
or views expressed within them. 

Nalcor Energy ς Oil and Gas Inc. accepts no liability for any action taken as a result of reliance of any 
party upon the information. The taking of any action upon reliance upon the information is expressly 
prohibited. Under no circumstances will Nalcor Energy ς Oil and Gas Inc. be liable to any person or 
business entity for any damages or remedy of any kind whether direct, indirect, special, incidental, 
consequential, or other damages based on any use of the information or any others website which is 
linked, including, without limitation, any lost profits, business interruption, or loss of programs, or 
information, even if Nalcor Energy ς Oil and Gas Inc. has been specifically advised of the possibility of 
such damages.  
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EXECUTIVE SUMMARY 

Offshore oil and gas exploration, development and operations as well as other marine activities are 
significantly affected by the environmental and climate conditions. With an accurate description of the 
operating environment, drilling rigs, ships, production platforms, and other marine structures can 
operate safely in these areas of interest. For offshore exploration and development, an environmental 
baseline is needed as well as extensive engineering data. These projects require vast multi-dimensional, 
geospatial, and long temporal data coverage with easy access by interested parties. 

In 2013, Nalcor announced the mapping of three newly defined sedimentary basins off the Labrador 
coast (the Henley, Chidley, and Holton Basins) as well as the extension of the previously defined Hawke 
Basin. This mapping was based on the regional 2D seismic surveys conducted by Nalcor, Petroleum Geo-
services (PGS) and TGS Geophysical in 2011 and 2012. These newly defined sedimentary basins are 
located primarily in deep water in the Labrador Sea, off the east coast of Newfoundland and Labrador, 
Canada. To date, there has been no regional study of the metocean conditions offshore Newfoundland 
and Labrador. As ǇŀǊǘ ƻŦ bŀƭŎƻǊΩǎ exploration strategy, a metocean study would be considered a crucial 
piece of information in an area of frontier exploration. Nalcor commissioned C-CORE to provide the 
most comprehensive and accurate meteorological and oceanographic data set to characterize the 
metocean environment, covering topics such as winds, waves, currents, vessel icing, visibility (fog), pack 
ice, icebergs and ice islands, changes in conditions expected due to climatic change, and comparisons 
with other frontier regions. Various data sources were reviewed, evaluated, and verified for their 
suitability, coverage (spatial and temporal), accuracy and reliability. Only the most suitable data sets 
have been selected in this study. 

The study area extends from 45.5o N to 63o N latitude, and from 42o W to 65o W longitude, covering the 
entire Labrador Sea and Northern Grand Banks, Flemish Pass, and Flemish Cap areas. The study area is 
divided into 391 grid cells, mostly one degree longitude by half degree latitude blocks, with each cell 
covering an average area of 3,760 square kilometres. Data summaries for metocean parameters are 
available for each cell and for the region.  

There is a significant amount of data associated with each of the metocean parameters covered in this 
study. To facilitate the use of such vast data sets, Nalcor developed a web-based, interactive Database 
Management and Geographic Information System (DBM&GIS), called NESS (Nalcor Exploration Strategy 
System), which includes the above referenced metocean data as well as other geographic and 
geophysical information of the Newfoundland and Labrador offshore. The NESS program allows 
scientists, engineers, managers, and operators easy access to, and use of, the geospatial data for 
exploration, planning, design, production, and operations of offshore oil and gas resources with reduced 
risk and uncertainties. 

Detailed description of the metocean data sources, data process and analyses, and statistical summaries 
are provided Volume 1. This report (Volume 2) provides regional metocean climatological summaries 
and trends for the entire Nalcor study area, as well as comparisons with other frontier exploration 
regions of similar characteristics. More details and statistical summaries for each of the 391 cells are 
provided in separate cell reports. These reports are also available in NESS as PDF files, which can be 
viewed or downloaded from NESS as needed. 
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This report presents comprehensive metocean data that, to a large extent, will provide sufficient 
information to assess the associated risks for exploration and development of the sedimentary basins 
offshore Newfoundland and Labrador. 

Overall, metocean conditions in the region of the deepwater sedimentary basins in Labrador Sea are 
more favourable than the Grand Banks or Flemish Pass, with notably less extreme wind and wave 
events, as well as less fog. However, icing conditions are more severe, but this is primarily limited to the 
winter season and therefore will have limited influence on exploration activities.  

While the pack ice and iceberg regimes are challenging along the Labrador coast, conditions improve 
substantially further offshore in deeper water. An analysis of pack ice data over a 30-year period shows 
a decreasing pack ice presence, both in terms of time and concentration when present. Analysis of 
output from various climate models indicates that this process will continue. 

The regional characterization of iceberg frequency was challenging due to limited data, as most 
surveillance effort has been focused on and immediately north of the northeast Grand Banks in support 
ƻŦ ŜȄƛǎǘƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ƛƴ ǘƘŜ WŜŀƴƴŜ ŘΩ!ǊŎ .ŀǎƛƴ. The characterization of icebergs was achieved through 
analysis of archived Envisat satellite data to characterize iceberg frequency in the deepwater basins. For 
the majority of the area covered by the deepwater basins, the iceberg frequency is similar to, or lower, 
than the Grand Banks. Similarly, pack ice presence in the deepwater basins is minimal. The 
quantification of sea ice and iceberg presence provided for these areas shows that the ice risk is 
significantly less than that off Greenland and near-shore Labrador.  

The degree of environmental harshness to marine offshore activities such as exploration, transportation, 
or operations, depends on several parameters, including geographic location and prevailing metocean 
conditions in these areas. A Harshness Index was developed in this study to provide a single parameter 
(or index) to be used as a benchmark that represents the degree of harshness or severity a location may 
pose on offshore users, and to assess the risk as well as to provide a comparison with other similar 
regions of interest to oil and gas industry. In comparison with other analogous regions, the Harshness 
Index in most of the Nalcor study area, particularly in Labrador Sea, is lower than those in East and West 
Greenland, Canadian Beaufort Sea, Chukchi Sea, and Kara Sea. 
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1 INTRODUCTION 

1.1 BACKGROUND 

Nalcor Energy - Oil and Gas Inc.  initiated and carried out this comprehensive metocean Study as part of 
its exploration strategy which accompanies subsurface mapping and studies of the sedimentary basins 
offshore Newfoundland and Labrador.  

To date there has been no comprehensive regional study of the metocean conditions offshore 
Newfoundland and Labrador, therefore this study was seen as a crucial piece of information in an area 
of frontier exploration.  

 An extensive metocean database has been developed in this study and presented in detail in Volume 1 
and 391 separate cell reports. This report, representing Volume 2 of the Main Study Report, provides an 
overall regional summary of the metocean conditions of all parameters considered in the Nalcor Study 
Area (i.e., wind, waves, current, visibility due to fog, vessel icing, sea ice, and icebergs and ice islands). It 
also addresses the influence of environmental changes (due to global warming) on these metocean 
conditions. Comparisons of metocean conditions for the study area to those in analogous areas that 
have undergone petroleum exploration are also presented in this report.  

A Harshness Index (HI) was also developed in this study to provide a benchmark that represents the 
degree of environmental harshness or severity for a given location may pose on offshore users or 
specific activities, and to assess the risk and provide comparison with other regions of interest. 

Special attention was paid regarding sea ice (pack ice) and iceberg climatology due to their importance 
in the evaluation of the risk to exploration or operation activities in the study area. Quantifying the 
metocean conditions and presence of iceberg and sea ice in the entire region would provide sufficient 
information to identifying the risks and reducing the uncertainties in environmental conditions during 
the exploration and early stages of offshore oil and gas development. 

1.2 STUDY SCOPE AND OBJECTIVES 

Nalcor Energy commissioned C-CORE to conduct this metocean study, with the objective to provide the 
most comprehensive and complete database using the most recent and accurate data sources covering 
the offshore areas of Labrador and Newfoundland East Coast. This report represents Volume 2 of the 
Metocean Study Report. It provides regional summaries of meteorological and physical oceanographic 
conditions in the study area, over the offshore sedimentary basins including Saglek, Henley, Chidley, 
Hopedale, Hawke, Holton, St. Anthony, OrphanΣ WŜŀƴƴŜ ŘΩ!ǊŎΣ and Flemish Pass (Figure 1-1). 

To facilitate the use of this vast data, Nalcor Energy developed a web-based, interactive Database and 
Geographic Information System, called NESS (Nalcor Exploration Strategy System), which includes the 
metocean data presented in this report, as well as other geographic and geophysical data of the 
sedimentary basins in the study area. 

The objectives of this study are to: 

¶ Characterize regional metocean conditions (winds, waves, currents, visibility,  vessel icing,  pack 
ice, icebergs and ice islands) in the specified area of interest, and study the influence of 
environmental changes on such conditions 
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¶ Compare these conditions to those in other analogous regions that have undergone petroleum 
exploration and/or development (i.e., East and West Greenland, North Sea, Barents Sea, 
Canadian Beaufort Sea, Chukchi Sea, Kara Sea, Caspian Sea, and Sakhalin Island as well as the 
Grand Banks and Orphan Basin). 

The overall goal of this study is to provide the most comprehensive, extensive and accurate metocean 
data set (both geospatial and temporal extent) that is easily accessible by all interested parties. 

1.3 STUDY AREA & DATA COVERAGE  

The Nalcor Study Area covers the sedimentary basins shown in Figure 1-1 as well as adjacent regions of 
interest and potential future supply bases. The Study Area extends from 45.50 N to 630N latitude and 
from 42oW to 65oW longitude, covering the entire Labrador Sea and Northern Grand Banks, Flemish 
Pass, and Flemish Cap. The study area was divided into 391 grid cells, mostly one degree longitude by 
half degree latitude blocks, as shown in Figure 1-2.  

The study area covers vast offshore areas with large variable geographical, geophysical, meteorological 
and oceanographic characteristics. It covers two main regions offshore Newfoundland and Labrador: 

1. The Labrador Sea, which can be divided into three distinctive areas with different geophysical 
and Metocean characteristics: 

¶ The Labrador Continental Shelf (from the coastline up to 200 m water depth) 

¶ The Labrador Shelf Slope (water depth from 200 m to 1000 m) 

¶ Deep water offshore (the Labrador Basin from 1000 m ς 4000 m). 

The above areas include six sedimentary basins: Saglek, Hopedale, Chidley, Henley, Holton, and 
Hawke. 

2. The Newfoundland offshore areas: 

¶  Newfoundland shelf  and slope  (include St. Anthony  and  Orphan Basins) 

¶ The Grand Banks ( WŜŀƴƴŜ ŘΩ!ǊŎ .ŀǎƛƴ including Hibernia, Terra Nova, White Rose, and 
Hebron fields) 

¶ Flemish Pass 

¶ Flemish Cap. 

As shown in the report, the metocean characteristics of these two regions are quite diversified. The 
following sections of this report provide a summary of the metocean conditions in the study area 
including sea ice and icebergs. 
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Figure 1-1 Sedimentary basins offshore Newfoundland and Labrador 
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Figure 1-2 The Nalcor Study Area with grid cells ς North West Atlantic Ocean Map 

 

Vast data sources and data coverage of metocean parameters have been compiled and analyzed for the 
following parameters: wind, wave, current, vessel icing, visibility due to fog, sea ice (pack ice), icebergs 
and ice islands, regional summaries of these parameters are presented in the following sections of this 
report. 
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In order to describe the metocean conditions as related to the known sedimentary basins in the study 
area, a number of cells have been selected to represent each basin or area of interest as shown in Table 
1-1. The wind, waves, and current statistical summaries (mean, maximum, and 100-year extreme values) 
for the selected representative Cells are presented in Chapter 2, in relevant subsections for each 
parameter. 

Table 1-1 Representative Cells of Sedimentary Basins for relevant metocean data summaries 

BASIN NAME LOCATION CELL # Central Point (deg. 

Lat-Long)

WATER DEPTH 

Labrador Shelf 27 60.75N - 62.50W 250 m - 650 m

Labrador Shelf 35 60.25N - 62.50W 150 m - 300 m

Davis Strait/Labrador Sea 31 60.75N - 58.50W 2325 - 2725 m

Davis Strait/Labrador Basin 69 58.75N - 54.50W 3300 - 3400 m

Labrador Shelf Slope / Labrador Sea 110 56.75N - 57.50W 1300 - 2250 m

Labrador Shelf Slope & Labrador Basin 142 55.75N - 55.50W 1850 - 3000 m

Labrador Trough 139 55.75N - 58.50W 100 - 825 m

Hamilton Bank 185 54.25N - 45.50W 150 - 225 m

Labrador Basin (Deep Water) 175 54.75N - 50.50W 3150 - 3500

Labrador Basin (Deep Water) 202 53.75N - 49.50W 3375 - 3800 m

Shelf Slope & Labrador Basin 200 53.75N - 51.50W 1650 - 3150 m

Shelf Slope & Labrador Basin 235 52.25N - 50.50W 400 - 2875 m

Newfoundland Shelf Slope 300 49.75N - 48.50W 1950 - 2500 m

North Grand Banks slope 335 48.25N - 48.50W 250 - 2000 m

JEANNE D'ARC Hibernia-White Rose-Terra Nova 368 46.75N - 48.50W 75 - 125 M

Mizzen 337 48.25N - 46.50W 650 - 1150 m

Bay du Nord 349 47.75N - 46.50W 550 - 1200 m

North-East Flimish Cap 351 47.75N - 44.50W  95 - 515 m

South-West Flimish Pass 371 46.75N - 45.50W 150 - 300 m

ST. ANTHONY Newfoundland shelf 244 51.75N - 53.50W 250 - 450 m

ORPHAN

FLEMISH PASS

FLEMISH CAP

SAGLEK

HENLEY

CHIDLEY

HOPEDALE

HOLTON

HAWKE

 

1.4 BATHYMETRY 

The bathymetry data in Figure 1-3 was acquired from the General Bathymetric Chart of the Oceans 
(GEBCO). Detailed bathymetry and metocean conditions each grid cell is documented in separate Cell 
Reports.  
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Figure 1-3 Study area with grid cells and bathymetry 
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1.5 DATA SOURCES & COVERAGE 

Vast data sources and data coverage of metocean parameters have been compiled and analyzed as 
follows (see Volume 1 for detailed description of data used in this study): 

1. WINDS ς MSC50 wind/wave model hindcast database (developed by Oceanweather Inc. (OWI) 
for Meteorological Services of Canada (MSC)). The MSC50 Data Coverage:  Jan 1, 1954 ς Dec 31, 
2013. Resolution from 0.1x0.1 degree longitude-latitude (fine grid), to 0.5x0.5 degree (coarse 
grid); the 0.5 degree resolution was used in this study. Model hindcast data are given at one-
hour or three-hour intervals. The MSC50 database is the most comprehensive, long-term, 
widely-used model hindcast. It is based on OceanwŜŀǘƘŜǊ LƴŎΦΩǎ ǘƘƛǊŘ-generation (OWI 3G 
ODGP) spectral ocean wave model for the North Atlantic Ocean. It models the Canadian East 
Coast at significantly high resolution, and incorporates shallow-water physics and ice-pack in its 
3G model analysis. This approach increases the model accuracy and reduces the uncertainty in 
any climate or design data statistics produced from this hindcast database. The wind fields used 
in the model are based on careful re-analysis of three-hourly wind fields. The model results 
provide one-hour average wind speed and direction at 10 m above MSL at every model grid 
point.  

2. WAVES ς Environment Canada MSC50 database described above. Data Coverage:  Jan 1, 1954 ς 
Dec 31, 2013.  

3. CURRENTS ς Fisheries and Oceans Canada, Bedford Institute of Oceanography (BIO), Canadian 
East Coast Ocean Model (CECOM). Data Coverage: January 2002 ς August 2012. Model 
horizontal resolution is 0.10, with 21 levels (generalized sigma coordinate vertical grid).  In this 
study, the Model results are extracted at a pre-determined  depths of 2 m, 10 m, 20 m, 100 m, 
500 m, etc., with 30-minute resolution. 

4. VESSEL ICING ς Based on C-CORE analysis using input data from: TOPAZ4 (sea surface salinity 
data); OSTIA (sea-surface temperature data) and ERA-Interim Re-analysis by ECMWF, ESA.  Data 
Coverage: 1985 to 2012.  

5. VISIBILITY (FOG) ς bh!! b9/tΩǎ bƻǊǘƘ !ƳŜǊƛŎŀƴ wŜƎƛƻƴŀƭ wŜŀƴŀƭȅǎƛǎ όb!wwύ ƳƻŘŜƭ ŀƴŘ ǘƘŜ 
Global Forecast System (GFS) model for parameters needed to calculate mass concentration. 
Data Coverage:  Jan 1979 ς Dec 2013. 

6. SEA ICE (PACK ICE) ς Ice Charts from Canadian Ice Service (CIS) and the U.S. National Ice Center 
(NIC). Data Coverage: Jan 1, 1984 ς Dec 31, 2013. Weekly ice charts were used. Each Cell was 
divided into 5x5 grid squares. 

7. ICEBERGS & ICE ISLANDS ς Iceberg data sources: (1) Canadian Ice Services (CIS) and 
International Ice Patrol (IIP) flight data ς 1998 - 2014; and (2) Satellite Data from European 
Space Agency (ESA) Envisat: Jan 2003 ς Aug 2012. Ice Islands Data Sources: C-CORE Archives 
(Tony King), PERD (2013), and IIP. 
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2 REGIONAL METOCEAN CLIMATE SUMMARIES 

Detailed description of data sources, model results, analysis, and statistics are presented in Volume 1 -
Main Report, and detailed statistical analysis results are presented in separate Cell Reports for the 391 
cells. These results (and reports) are also provided in the NESS GIS/DBMS web-based system. The intent 
of this section is to provide climatological summaries of the Metocean parameters for the entire study 
area, with emphasis on the Labrador Sea and northern Grand Banks & Flemish Pass offshore 
sedimentary basins. 

2.1 WIND CLIMATE 

The Environment Canada MSC50 Model Hindcast Database used here covers a 60-year period from 
January 1, 1954 to December 31, 2013. The three-hourly data on 0.5 degree resolution was used in this 
study. Wind speed and direction are provided as one hour averages in m/s at 10 m above MSL (mean 
sea level). The mean, maximum and 100-year return period extreme winds were determined on a 
monthly, seasonal (winter, spring, summer, fall) and annual basis to account for seasonal trends.  

To gain an understanding of how winds vary over the entire study region, a series of seasonal contour 
plots were generated for the study area grid. It includes the annual average, maximum, and extreme 
(10- and 100-year return periods) wind speed as shown in Volume 1 of this report. Figure 2-1 shows the 
regional plot of annual mean wind speed at all cells in the study area. Figure 2-2 represents the annual 
maximum wind speed for all cells, and Figure 2-3 shows the 100-year return period extremal analysis 
results for the study area. Please note the different scales used for each plot. 

The figures indicate that the maximum wind speed and 100-year extreme winds are strong over the 
Grand Banks and increase going out into the Flemish Pass, and are weaker closer to shore as well as 
further north onto the Labrador Shelf and in the deepwater sedimentary basins. As shown, winter 
represents the stormy season with high wind events followed by the fall season. The average wind 
speed over the 60-year hindcast period (1954-2013) within the Nalcor study area varied from 6.15 to 
10.5 m/s. The maximum wind speed in the study area varied from 24.3 to 36.4 m/s, with highest values 
found in the Flemish Cap / Flemish Pass and Northern Grand Banks areas, and Orphan/Hawke/Holton 
basins. The lower values of maximum wind speed are found in Saglek, Henley, Chidley, and Hopedale 
basins.  

Table 2-1 presents a summary of annual wind speed statistics (Mean, Max., 100-yr extreme value) for 
the selected representative cells of the various sedimentary basins. As shown, the highest wind speed 
values are found in the Flemish Cap, Flemish tŀǎǎΣ WŜŀƴƴŜ ŘΩ!ǊŎ όDǊŀƴŘ .ŀƴƪǎύΣ hǊǇƘŀƴ, and Hawke 
Basins, respectively. 
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Table 2-1 Summary of wind speed (WS) values at selected cells for the sedimentary basins        

BASIN NAME CELL # Mean Ws  

(Annual)  

(m/s)

Max Ws 

(Annual) 

(m/s)

100-year Ws 

(Annual)    

(m/s)

100-year Ws 

(high month) 

(m/s)

27 7.21 25.75 26.4 27.5 (Nov.)

35 7.28 26.82 29.9 27.5 (Dec.)

31 8.91 29.25 28.6 28.5 (Dec.)

69 9.90 29.85 31.2 34.7 (Feb.)

110 8.58 29.67 31.8 31.6 (Dec.)

142 9.07 30.15 32.2 32.1 (Dec.)

139 7.52 27.94 29.3 29.8 (Jan.)

185 8.03 29.39 31.1 34.2 (Jan.)

175 9.94 31.44 32.1 31.0 (Feb.)

202 10.10 32.68 31.4 30.5 (Jan.)

200 9.71 36.03 32.4 33.1 (Jan.)

235 9.54 35.57 31.9 31.2 (Jan.)

300 10.03 34.48 35.1 35.0 (Feb.)

335 9.50 35.14 32.8 32.4 (Feb.)

JEANNE D'ARC 368 9.17 32.41 32.5 31.0 (Dec.)

337 9.74 32.13 33.4 33.6 (Dec.)

349 9.57 31.93 31.1 33.3 (Dec.)

351 10.08 35.75 34.6 36.4 (Dec.)

371 9.60 32.88 32.7 34.7 (Dec.)

ST. ANTHONY 244 8.60 31.97 30.4 31.5 (Oct.)

Ws - wind speed (m/s) omni-direction at 10 m above MSL

Extreme Analysis 100 -year return value -"Annual" and "highest monthly" values could be different 

due to the different population used and different distribution fit

Note: the above values do not necessarily occur at the same time or date.  See details in Cell Reports.

ORPHAN

FLEMISH PASS

SAGLEK

HENLEY

CHIDLEY

HOPEDALE

HOLTON

HAWKE

FLEMISH CAP
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Figure 2-1 Regional Annual Mean Wind Speed (m/s) at all cells in the study area 
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Figure 2-2 Regional Annual Maximum Wind Speed (m/s) at all cells in the study area 

 
















































































































































































