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DISCLAIMER

All of the material containe®@ y (KS $So6aAiAdS IyR GKS YIFIGSNRFE O2yi
provided without warranty of any kind, whether express or implied, for information purposes only, and

is not to be relied upon by any party. All implied warranties, including, withoutaliion, implied

warranties of merchantability, fithess for a particular purpose, and -imfiingement, are hereby

expressly disclaimed. Links and references to any other websites are provided for information only and

listing shall not be taken as endorsent of any kind. Nalcor EnergyQil 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, Oil and Gas Inc. accepts nablity 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 Enegg®il and Gas Inc. be liable to any persam
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 piits, business interruption, or loss of programs, or
information, even if Nalcor EnergyQil and Gas Inc. has been specifically advised of the possibility of
such damages.

The information is subject to copyright and shall not be distributed without thpress written
permission of Nalcor EnergyOil and Gas Inc.
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EXECUTIVE SUMMARY

Offshoreoil and gasexploration, development and operations as well as other marine activities are
significantly affected by the envinmnental and climate conditiondVith an accurate description of the
operating environment, drilling rigs, ships, production platforms, and other marine structures can
operate safely in these areas of intereBor offshore exploration and developmemin environmental
baselineis needed as well as extensigrgineering dataThese projectsequire vast multidimensional,
geospatialand long temporal data coverage with easy actBssterested parties.

In 2013, Nalcor announcettie mapping of three newlylefined sedimentary basinsff the Labrador
coast (the Henley, Chidlegind Holton Basings well as the extension of the previously defitéawvke
Basin This mapping wasased orthe regional2D seismisurveys conducted by Nalcor, Petroleum Geo
services(PGS) and TGS Geophysical in 2011 and 20i6se newly definededimentarybasins are
located primarily in deep water in the Labrador Sea, off the east coast of Newfoundland and Labrador,
CanadaTo date, there has been no regional study of the metocganditions offshore Newfoundland
and Labrador. AsJ- NIi 2 Fexpiotatio®radgyj a metocean study would be considered a crucial
piece of information in an area of frontier exploration. Nalcor commissioG&DRHEo provide the
most comprehensive ah accurate meteorological and oceanographic data setharacterize the
metocean environment, covering topics such as winds, waves, curragsel icing, visibility (fogpack

ice, icebergand ice islands changes in conditions expected due to climathange, and comparisons
with other frontier regions.Various data sources were reviewed, evaluatadd verified for their
suitability, coverage (spatial and temporal), accuracy and reliabflily themost suitable data sets
have been selected in thitudy.

The study eea extends from 455N to 63 N latitude, and from 42W to 65 W longitude, covering the
entire Labrador Sea and Northern Grand Banks, Flemish &abs$lemish Cap areabhe study areds
divided into 391 grid cellsnostly one degege longitude by half degree latitude blocks, wihch cell
covering an average area of 3,760 square kilometredga Bummaries for metocean parameters are
availablefor each cell and for the region

There is a significant amount of data associated witlcleof the metocean parameters covered in this
study. To facilitate the use of such vadata sets Nalcor developed a webased, interactive Database
Managementand Geographic Information System (DBM&GIS), called NESS (HgbtorationStrategy
Systen), which includes the above referenced meetan data as well as other geographic and
geophysical information of theéNewfoundland and Labrador offshordhe NES$rogram allows
scientists, engineers, managem@nd operatorseasy acces$o, and use of the gecspatial data for
exploration, planning, design, producticemd operations of offshore oil and gas resources with reduced
risk and uncertainties.

Detailed desdption of the netocean data sourceslata process andnalysesand statistical summaes

are piovidedVolume 1 This report (Volume 2provides regionametocean climatologicadummaries

and trendsfor the entire Nalcor study area, as well as comparisatil other frontier exploration
regionsof similar characteristicdMore details andstatisticalsummaries for eaclof the 391cells are
provided in seprate cell eports. These reports are also available in NESS as PDF files, which can be
viewed or downloaded frofNESS as needed.
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This report presentscomprehensive metocean data that, to a large ewtewill provide sufficient
information to assess the associated sd$tar exploration and development dhe sedimentarybasins
offshore Newfoundland and Labrador.

Overall, metocean conditions in the region of the deepwater sedimentary basibabradorSeaare
more favourable than the Grand Banks Blemish Pass, with notably less extreme wind and wave
events, as well as less fdgowever, icing conditions are more severe, but this is primarily limited to the
winter season and therefore will have limitgtfluence on exploration activities

While the pack ice and iceberggimes are challenging along the Labrador coast, conditions improve
substantially further offshore in deeper watekn anaysis of pack ice data over a-$8a period shows

a decreasingrack ice presence, both in terms of time and concentration when pregemilysis of
output from various climate models indicates that this process will continue

The regional characterization of iceberg frequency was challenging due to limited afataost
surveillance effort has been focused on and immediately north of the northeast Grand Banks in support

2F SEAAGAY3I 2LISNI A2 Yhe chargtterizdich ofWeSHergsynds aBhi@vedldbrough: & A Y
analysis of archived Envisat satellite dataharacterize iceberg frequency in tdeepwaterbasins For

the majority of the area covered by thideepwaterbasins, the iceberg frequency is similar to, or lower,

than the Grand BanksSimilarly, pack ice presence in thdeepwater basins is minimal The
guantification of sea ice and iceberg presence provided for these areas shows that the ice risk is
significantly less thathat off Greenland and neashore Labradar

The degree of environmentaAbrshnesso marine offshore activities such as exploration, transportation,

or operations, depends on several parameters, including geographic location and prevailing metocean
conditions in these area#\ Harshness Indewas developed in this study to provide agle parameter

(or index) to be used as a benchmark that represents the degree of harshness or severity a location may
pose on offshore usergnd to assess the risk as well as to provide a comparison with other similar
regions of interest to oil and gasdustry. In comparison with other analogous regions, the Harshness
Index in most of théNalcorstudy area, particularly in Labrador Sedower than thosein East and West
Greenland, CanadigBeaufot Sea, Chukchi Sea, and Kara Sea.
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1 INTRODUCTION

1.1 BACKGROUND

Nalcor Energy Oil and Ga#nc. initiated and carried out this comprehensiwgetoceanStudy as part of
its exploration strategyvhich accompanies subsurfagaapping and studies of theedimentary basins
offshore Newfoundland and Labrador

To date there hasheen no comprehensiveregional study of themetocean conditions offshore
Newfoundland and Labradortherefore thisstudy was seen as a crucial piece of information in an area
of frontier exploration

An extensive metoceadatabasehas been developed in thistudy and presented in detdil Volume 1

and 391 separateell reports. This eport, representing Volume of the Main Study Repaorprovidesan

overall regionasummaryof the metoceanconditions of all parameters consider@d the Nalcor Study
Area(i.e., wind, waves, current, visibiliue to fog vessel icing, sea icandicebergs and ice islandd}

also addresses the influence of environmental changes (due to global warming) on these metocean
conditions Comparisons ofmetoceanconditions for the study area to those in analogareas that

have undergone petroleum explorati@re also presented in this report

A Harshnessnidex (Hl)was also developed in this study t@rovide a benchark that represents the
degree of environmental harshness or seveffity a given location may pose on offshore users or
specific activities, rad to assess the risid provide comparison with other regions of interest.

Special attention was paid regardingasice(pack iceand icebergclimatologydue to their importance

in the evaluation of the risko explorationor operation activities in thestudy area Quantifying the

metoceanconditions and presence of iceberg and sea ice in the entire ragouid provide sufficient
information to identifying the risks andeducingthe uncertaintiesin environmental conditions during
the exploration and edy stages of offshoreil and gaglevelopment.

1.2 STuDYSCOPEAND OBJECTIVES

Nalcor Energy commissioned@OREo0 conduct thismetoceanstudy, with the objective to provide the
most comprehensive and complete databasgngthe most recent and accurate dasmurces covering

the offshore areas of Labrador améewfoundland Eastdast This report represents Volume 2 of the
MetoceanStudy Reportlt provides regional summaries of meteorological and physical oceanographic
conditions in the study area, ovehe ofishore sedimentary basins includif@aglek, Henley, Chidley,
Hopedale, Hawke, HoltoSt Anthony, Orphal WS |y Wir8l FI&ish ReEEIgure 11).

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

The objectives of thistudy are to:

1 Characterize regionahetoceanconditions (winds, waves, currentgsibility, vessel icing, pack
ice, icebergs andce islands) in the specified area of intereand study the influence of
environmentalchanges on such conditions

May 2015 Volume 2Chapter 1-- Introduction 11
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1 Comparethese conditions to those in other analogoregyions 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 Islansl the wel
Grand Banks and Orphan Basin).

The overall goal of this study is to provide the most comprelven®xtensive amh accurate retocean
data set(both geospatial and temporal extent) that is easily accessible by all interested parties.

1.3 STUDYAREA& DATACOVERAGE

TheNalcor 8udy Areacovers thesedimentary basinshown inFigure 11 as well as adjacent regions of
interest and potential future supply baseEhe Study Area extends from 4%1§ to 63N latitude and
from 42W to 65W longitude, coveringhe entire Labrador Sea and Northern Grand Banlamigh
Passand Flemish Cafghestudy area was divided into 391 grid celtmostly one degree longitude by
half degree latitude blocksis shown irFigurel-2.

The study area covers vast offshore aredih largevariable geographicabeophysicalmeteorological
and oceanographic characteristi¢scovers two main regions offshore Newfoundland and Labrador:

1. The Labrador Sea, which can be divided into three distinctive aritlaslifferent geophysical
and Metoceancharacteristics

9 The Labradotontinental Shelf (from the coastline up to 200 m water depth)
9 The Labrador Shelf Slopeater depthfrom 200 m to1000m)
1 Deep water offshore (the Labrador Bagiom 1000m ¢ 4000 m)

The above areas include siedimentary basins: Saglek, Hopedale, Chidley, Henley, Haftdn
Hawke.

2. The Newfoundland offshore areas
1 Newfoundland shelf and slope (include/Atthony and Orphan Basins)

TheGrand Bank6WS I Yy S Rificludidg Hibekni, ATgfra Nova, WhRese and
Hebron field$

i Flemish Pass
9 Flemish Cap

As shown in the report, the metocean characteristics of these two regions are quite diverBifeed
following sections of this report provide a summary of thetoceanconditionsin the study area
including sea ice and icebergs.
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Figurel-2 The NalcoStudy Areawith grid cellsg North West Atlantic Ocean Map

Vast data sources and data coveragenetoceanparameters 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 settioiss

report.
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In order to describe the metocean conditions as related to the known sedimentary bagims study
area, a number of cells have been selected to represent each basin or drgarest as shown in Table
1-1. The wnd, wavesand currentstatistical summarie@mean, maximum, and 16@ear extreme values)

for the selectedrepresentativeCells are presented in Chapter 2, in relevant subsections for each

parameter.

Tablel-1 Representative Cellsf Sedimentary Basins for relevant metocean data summaries

BASIN NAME |LOCATION CELL # |[Central Point (degWATER DEPTH
Lat-Long)
Labrador Shelf 27 60.75N - 62.50W|250 m - 650 m
SAGLEK Labrador Shelf 35 60.25N - 62.50W|150 m - 300 m
Davis Strait/Labrador Sea 31 60.75N - 58.50W|2325 - 2725 m
HENLEY 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
B Labrador Shelf Siope & Labrador Basin 142 | 55.75N - 55.50W|1850 - 3000 m
Labrador Trough 139 55.75N - 58.50W|100 - 825 m
HOPEDALE z
Hamilton Bank 185 54.25N - 45.50W|150 - 225 m
HOLTON Labrador Basin (Deep Water) 175 54.75N - 50.50W|3150 - 3500
Labrador Basin (Deep Water) 202 53.75N - 49.50W|3375 - 3800 m
TS Shelf Slope & Labrador Basin 200 53.75N - 51.50W|1650 - 3150 m
Shelf Slope & Labrador Basin 235 52.25N - 50.50W|400 - 2875 m
ORRHAN 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
FLEMISH PASS Mizzen 337 48.25N - 46.50W650 - 1150 m
Bay du Nord 349 47.75N - 46.50W550 - 1200 m
FLEMISH CAP North-East FIir_nis_h 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

1.4 BATHYMETRY

The bathymetry data irFigure 1-3 was acquired from the General Bathymetric Chart of the Oceans
(GEBCODPDetailed bathymetry ananetoceanconditions each grid celé documented irseparate Cell
Reports
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1.5 DATASOURCE& COVERAGE

Vast data sources and data coveragenwtoceanparameters hae been compiled and analyzed as
follows(see Volume 1 for detailed description of data used in this study)

1. WINDS¢ MSC50wind/wave model hindcastlatabase(developed by Oceanweather I(OWI)
for Meteorological Services of Canada (MST})e MSC50ataCoverage:Jan 1, 1954 Dec 31,
2013 Resolution from 0.40.1 degree longituddatitude (ine grid), to 0.5X0.5 degree doarse
grid); the 0.5 degree resolution was used in this stutiodel hindcastdata are given at one
hour or threehour intervals The MSC50 database is the most comprehensiveglerm,
widely-used model hindcast It is basel on Oceanvs I (1 K S NJ L-géierida (OWIKIGNR
ODGFP spectral ocean wave model fdhe North Atlantic Oceanlt modelsthe Canadian East
Coast at significantly gih resoltion, and incorporateshallowwater physicsand icepack inits
3G model analysisThis approach increases the model accuracy and redhieesncertainty in
any climate or design data statistics produced from this hindcast databagsewnd fields used
in the model arebased on careful ranalysis of thredourly wind fields The model results
provide onehour average wind speed and direction at 10 m above MSL at every model grid
point.

2. WAVES Environment CanadslSC50 databasdescribed aboveData CoverageJan 1, 1954
Dec 31, 2013

3. CURRENTGFisheries and Oceans Canada, Bedford Institute of Oceanography(Bi@aylian
East Coast Ocean Model (CECOBRta Coveragedamuary 2002 ¢ August 2012 Model
horizontal resolution is 0% with 21 levels (generalized sigmaamlinate vertical grid) In this
study, the Model results are extracted at a mitetermined depthsof 2 m, 10m, 20m, 100m,
500 m,etc., with 30-minute resolution.

4. VESSEL ICING Based on @OREanalysis using input data finm TOPAZ4 (sea surface salinity
data); OSTIA (sesurface temperaturalata) and ERAnterim Reanalysis by ECMWF, ES%ata
Coverage: 1985 to 2012

5. VISIBILITYFOG)bh! ! b9/t Q& b2NIK ! YSNAOIY wS3IA2YyLIf w
Global Forecast Sgsn (GFS) model for parameters needed to calculate mass concentration
Data Coverage: Jan 197®ec 2013.

6. SEACE PACK IQE, Ice Charts from Canadian Ice Service (CIS) and thal&fiGhal Ice Center
(NIC) Data Coverage: Jan 1, 198Dec 31, 2013Weekly ice charts were uselBtach Cell was
divided into 5x5 grid squares.

7. ICEBERGS & IGELANDS¢ Iceberg data sources: (1) Canadian Ice Services (CIS) and
International Ice Patrol (IIP) flight data1998 - 2014; and (2) Satellite Data from European
Spae Agency (ESA) Envisat: Jan 20%ug 2012 Ice Islands Data SourcesOOREArchives
(Tony King), PERD (2013), and IIP.
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2 REGIONAMETOCEARLIMATE SUMMARIES

Detailed description oflata sources, model resultanalysis and statistics are presenteth Volume 1-
Main Report, and detailed statisticahalysigesults are presented ineparateCellReports for the 391
cells These results (and reports) are also provided in the NESS GISiiNb&sed systemThe intent
of this sectionis to provide climatological summaries of thetoceanparameters for the entire study
area, with emphasis on the Lanlor Seaand northern Grand Bank& Flemish Pass offshore
sedimentary basins

2.1 WINDQLIMATE

The Environment CanaddSC50 Model Hindcast Databassed here coversa 60-year period from
Jaruary 1, 1954 to Deember31, 2013 Thethree-hourly data on 0.5legree resolution was used in this
study. Wind speed and direction are provided one hour aerages in m/s at 10 m above M@hean
sea level) The mean, maximumand 100year return period extreme winds were determined on a
monthly, seasonal (winter, spri; summer, fall) and annubbsis 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 gritlincludes the annual average,aximum,and extreme

(10- and 100-year return period) wind speed as shown in Volume 1 of this repbigure2-1 shows the
regionalplot of annual mearwind speedat all cells in the study are&igure 22 represents theannual
maximum wind speed for all cells, and Figur8 8howsthe 100year return period extremal analysis
results for the study are@lease notehe different scalsused for each plot.

The figures indicate that the maximum wind speed and-1€&r extrene winds are strong over the
Grand Banksnd increase going out into the Flemish Rasxl are weaker closer to shore as well as
further north onto the Labrador Shelf and in tlieepwater sedimentary basinsAs shown, winter
represents the stormy season Withigh wind eventdollowed by the fall seasoriThe average wind
speed over the 6Qear hindcast period (1952013) within the Nalcor study area varied from 6.15 to
10.5 m/s Themaximum wind speeth the study areararied from 24.30 36.4m/s, with highest values
found in the Flemish Cap / Flemish Pass and Northern Grand Banksaréasrphan/HawkéHolton
basins The lower values of mamum wind speed are found in Saglek, Henley, Chichey Hopedale
basins

Table 21 presentsa summaryof annual windspeed statistics (Mean, Max., 190 extreme value¥or

the selected representative cells of the various sedimentary basimshown, the highestvind speed
values are found in the Flemish Cdgemisht 34> WSI yy S RQ! NI and BaMkey R
Basins respectively
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Table2-1 Summary of wind speed (\W&dues at selected cells for the sedimentaigsins

BASIN NAME CELL # Mean Ws Max Ws 100-year Ws | 100-year Ws
(Annual) (Annual) (Annual) (high month)

(m/s) (m/s) (m/s) (m/s)
27 7.21 25.75 26.4 27.5 (Nov.)

SAGLEK 35 | 728 | 2682 | 299  |27.5 (Dec)
31 8.91 29.25 28.6 28.5 (Dec.)

AENLEYC 65 | es0 T 2985 | 312|347 (Feb)
110 8.58 29.67 31.8 31.6 (Dec.)

CHIDLEY 77 142 | 907 | 3015 | 322  |32.1 (Dec) |
139 7.52 27.94 29.3 29.8 (Jan.)
HOPEDALE 185 8.03 29.39 311 34.2 (Jan.)
175 9.94 31.44 321 31.0 (Feb.)
HOLTON 202 10.10 32.68 314 30.5 (Jan.)
200 9.71 36.03 324 33.1 (Jan.)
HAWKE 235 9.54 35.57 31.9 31.2 (Jan.)
300 10.03 34.48 35.1 35.0 (Feb.)
ORPHAN 335 9.50 35.14 32.8 32.4 (Feb.)
JEANNE D'ARC 368 9.17 3241 325 31.0 (Dec.)
FLEMISH PASS 337 9.74 32.13 334 33.6 (Dec.)
349 9.57 31.93 31.1 33.3 (Dec.)
FLEMISH CAP 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)

Note: the above values do not necessarily occur at the same time or date. See details in Ce
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 d
due to the different population used and different distribution fit

May 2015

Volume 2Chapter 2¢ Regional Metocean Climate Summaries

2-2



> c-core QY nalcor

Metocean Climate Study Offshore Newfoundland & Labrador

Mean Wind Speed (m/s), Annual
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Figure2-1 Regional Annual BanWind Soeed (m/s)at all cells in the study area
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Figure2-2 RegionaAnnual Maximum Wind Spedth/s) at all cells in the study area
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