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EXECUTIVE SUMMARY

Offshoreoil and gasexploration, developmentand operations as well as other marine activities are
significantly affected by the environmental and climate conditidifith an accurate description of the
operating envirmment, 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 extensigngineering dataThese projerequire vast multidimensional,
geospatialand long temporal data coverage with easy access to interested parties.

In 2013, Nalcor announcethe mapping of three newly defined sedimentary basifEthe Labrador
coast (the Henley, Chidlegnd Holton Bains)as well as thextensionof the previously definetHawke
Basin This mapping wakased orthe regional2D seismisurveys conducted bialcor, Petroleum Geo
services (PGS) ands$Geophysicain 2011 and 2012These newly definededimentarybasins ae
located primarily in deep water in the Labrador Sea, off the east coast of Newfoundland and Labrador,
CanadaTo date there hasbeen no regional study of the @tbcean conditions offshore Newfoundland
and LabradarAsLJ- NIi 2 Fexpiotatio®raMgy Za metocean studyould beconsidereda crucial
piece of information in an area of frontier exploratioNalcor commissione-CORHo provide the
most comprehensive and accurate meteorological and oceanogragdiiz setto characterize the
metocean enronment, covering topics such as winds, waves, curreqgssel icing, visibility (fogpack
ice, icebergand ice islands changes in conditions expected due to climatic chaage comparisons
with other frontier regions Various data sources were rewed, evaluatedand verified for their
suitability, coverage (spatial and temporal), accuracy and reliab@ityy themost suitable data sets
have been selected in this study.

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 degree lngitude by half degree latitudblocks with each cell
covering anaverageareaof 3,760 square kilometredData summaries for metocean parameters are
availablefor each cell and for the region

There is a significant amount of data associated with eaftthe metocean parameters covered in this
study. To facilitate the use of suctastdata sets Nalcor developed a webased, interactive Database
Managementand Geographic Information System (DBM&GIS), called NESS (E=bdorationStrategy
System, which includes the aboveeferenced metocean data as well as other geographic and
geophysical information of theNewfoundland and Labrador offshordhe NESSprogram allows
scientists engineers, managerand operatorseasy accesso, and useof, the geospatialdata for
exploration, planning, design, producticemd operations of offshar oil and gas resources with reduced
risk and uncertainties.

This report (Volume 1) provideethiled descriptios of the metocean data sourcesiata process and
analysesand statistical summarie¥olume 2providesregionalmetoceanclimatologicakummaies and
trends, as well ascomparisons with othefrontier explorationregionsof similar characteristicdVore
details and statistical summaries for eadaf the 391cells are providedin separate cellgports. These
reports are also available in NESS Bg- Riles, which can beiewed ordownloadedfrom NESS&s
needed

May 2015 Volume 1¢ Executive Summary
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1 INTRODUCTION

1.1 BACKGROUND

In 2013, Nalcor announced the mapping of three newly defined sedimentary basins off the Labrador

coast (the lenley, Chidley, and Holton Basins) as well as the extension of the previously defined Hawke
Basin(Figure 11). This mapping was based on the regional 2D seismic surveys conducted by Nalcor,
Petroleum Geeservices (PGS) and TGS Geophysical in 2011 andT2@k2 newly defined sedimentary

basins are located primarily in deep water in the Labrador Sea, off the east coast of Newfoundland and
Labrador, Canadalro date, there has been no regional study of the metocean conditions offshore
Newfoundland and Labrad. ! & LJ NIi 2F bl t O2NR& SELX 2NJ} GA2Y &G N
considered a crucial piece of information in an area of frontier exploratiaaicorinitiated a regional

metocean study ovethe Labrador Sea, Northern Grand Banks, Flemisk, Bad FlemishCap(Figure 1

1).

There is a perception that offshore Newfoundland and Labrador is a challenging environment, but also
that the Labrador Sea is essentially an arctic environmidatvever, conditions vary substantiglgnd

to date, there has beemo comprehensive characterization of the region as a whbihe intent of this
metocean study is to providthe most completeand accuratedata regarding the meteorological and
oceanographic conditions in the study area, including sea ice and icebergs.

GQORE (2007) characterized the portion of the Labrador Shelf between 54°N anda&8°showed

that iceberg and pack ice frequency decreased substantially off the Labrador Shelf going into deeper
water. However,the emphasis of that study was developmentgafs reserves on the Labrador Shelf
characterizing the deepater regions off the shelf was not a priorigt that time. The Canada
Newfoundland and Labrador Offshore Petroleum BoardN(OPB) has funded a number of Strategic
Environmental Assessment (SEf)dies covering areas such as the Labrador Shelf (Sikumiut, 2008),
Orphan Basin (LGL, 2008hd Eastern Newfoundland (AMEC, 2014), but these tend to focus more on
regulatory or environmental issgse(mammals, seabirds, fish, sjpills, etc.) and thesetidies do not
address metocean or ice conditions in sufficient detail for decision making regarding potential
exploration activitiesn the entire study area

The Canadian Icee&ice (CIS) publishegka Ice Climatic Atlas, East Coast 18310 (CIS, 20)3which
addresses pack ice conditions in most of the study area (the northern half of the Labratfas 8hehe
CIS website unde®ea Ice Climatic Atlas for Northern Canadian Véate3812010) While these reports
show the decreasing pack ice presemser the deepwatersedimentary basins off theabrador Shelf,
the combined 36year analysis does not address changes in the pack ice regime ovef tigre is no
comprehensive iceberg climatology for the regidine Panel for Energy Research andvBlopnent
(PERDjceberg sighting database (PERD, 2013) doedsergsightinglocations for the region, but this
information alone does not define iceberg frequency and is useful only qualitatiVaky available
metoceanstudies, typically prepared for indugtfor development studies, generally analyze wind and
wave data for a single point near the site of interdsit they do not consider regional variations in
parameters nor do theycompare conditions to a known baseline

May 2015 Volume 1¢ Chapter 1 Introduction 11
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Figurel-2 Study Area (with Grid & Bathymetrg)North West Atlantic Ocean Map

1.2 SrubYSCOPRANDOBJECTIVES

Nalcor Energy iDand Gadnc. has commissioned-GOREto conduct thismetoceanstudy, with the

objective to providethe most comprehensiveand completedatabaseusing the most recent and

accurate data sources covering the offshore areas of Labradothenlewfoundlandeast coastThis

report represents Volume Iof the Metocean Study Repott It provides regional summaries of
meteorological and physical oceanograpleonditions in the study areaver the offshore sedimentary
basinsincludingSaglek, Henley, Chidley, Hopégl Hawke, HoltonSt. AnthonyOrphan WS yy'§ R Q! ND
and Flemish PagEigure 11).

May 2015 Volume 1¢ Chapter 1 Introduction 1-3
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In addition, Nalcor is making results from other selected studpEse pressure analysignd rock
physic$ available to industryto increase scientific knowledge overfintier exploration areaThis
metocean study is yet anotheource of informatiorthat interested parties may look to whedefining
the risks associated withan exploration program in the Newfoundland and Labradoffshore
environment.

To facilitate theuse of this vast dataet, Nalcor Energy has developed a wmsed, interactive
databaseor Geographic Information System, called NESS (N&xplorationStrategy System), which
includes themetoceandata presented in this report as well as other geogiia@nd geophysical data of
the sedimentary basins in the study area.

The objectives of thissdy are to:

1 Characterize regionahetoceanconditions (winds, waves, currentgsibility, vessel icing, pack
ice, icebergs andce islands) in the specifiedea of interest and influence of environmental
changes on such conditioresnd

1 Compare these conditions to those in other analogimtisrnationally exploredegions (i.e East
and West Greenland, North Sea, Barents Sea, Canadian Beaufort Sea, Chuk€hrs58aa,
Caspian Seaand Sakhalin Islaras well as the Grand Banks and Orphan Basin

The overall goal of this study is to provide the most comprehensive, extergideaccurate metoean
dataset (both geospatial and temporal extent) that is easilyeasible by all interested patrties.

1.3 STUDYAREA& DATACOVERAGE

The study eea extends from 453N to 63N latitude, and from 49V to 65°W longitude, covering the

entire Labrador Sea and Northern Grand Banks, Flemish Pass and Flapi{Stigure 12). The study

area was divided into 391 grid cells (mostly one degree longitude by half degree latitude blocks) as
shown in Figure 13. As shown, the study area covesslarge areaof offshore Newfoundland and
Labrador, with variable geographical, geophysical,d ameteorological and oceanographic
characteristicslt may be divided into two main regions:

U The Labrador Sea, which can be divided into three distinctive areas:
1 The LabradoContinental 8elf (from the coastline up to 200 m tex depth)
1 The Labrador Sheffope (from 200 m to 1000 m)
1 Deep water offshore (the Labrador Basin).

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

U The Newfoundland offshore areas:

1 Newfoundland Seq (includes St Anthony andOrphan Basins)

f The Grand Banks of Newfoundland (inclstéS I yyS RQ! NO .} aAyuo
1 Flemish Pass @udes Flemish Pass Basin)

1 Flemish Cap.

As shown in the following sections of this report, the metocean characteristics of these areas are quite
diversified.
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Vast datasources and data coverage metoceanparameters have been compiled and analyfadthe
following parameters: wind, wave, current, vessel icing, visililig), sea ice (pack iceand icebergs
and ice islands.

The Study Report is presented in two voks:
VOLUME ¢t Full Daa Summary Report (this report)

VOLUME 2 Regional Trends, Influence of Environmental Changes and Comparisons with Other
Regions

This eport covers the followingparameters/topicawvith each providedis a stanehlone chapter

Bathynetry: Chapter 2

Winds Chapter 3

Waves: Chapter 4

Currents: Chapter 5

Icing: Chapter 6

Visibility Fo9: Chapter 7

Pack Ice: Chapter 8

Icebergs & Ice Islands: Chapter 9

=4 =4 =4 -8 - -8 -8 -9

Detailed data analysis results (statistical summaries) are provided for each celbhimatseCell Reports
with a total of 391 cell reports available

The above reports are uploaded into the NESS as digital PDF files, which can be easily accessed, viewed,
and printeddirectly from the NESS portal wske.
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Figurel-3 Study Aea with grid cells showing the offshoredimentary basins
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1.4 NESSOFTWARSYSTEM
1.4.1 NESS General Functional Specifications

The Nalcor Exploration Strategy System (NESS) provides an easy to use, yet powerful applicagon for th
presentation and aalysis of data related to the oil anéig resources in Newfoundland and Labrador

The system integrates many uniquiata setscontaining spatial informatioand usesa map as the focal

point of the user With NESS, data can be displdygueried and results exportediepending on the

needs of the end usefThe Mebcean Study consists of a largeale unique data setwhich NES3elps
present(Figure 14).

v Studies

v Metocean

B Cell Summary Reports

B Cell Bathymetry Reports

B Cell Vessel Icing Reports

» B Wind

» B Waves

» B Currents

» @ Fog (Visibility)

» Pack Ice

» @ Icebergs

@ Regional Comparisons

Figurel-4 Metocean FEEDS withihe NESS program
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Each main FEED represents a unique task of the Metocean study, where tharelastegorized by
time and geographye.g.,wind, waves,currents etc.). Each main FEED contains a report for each of the
391 cellscontained within the stug area, as welds data recordsthat can be further analyzed using
filters within the appication. For example, the WIinBEED contains monthly records for each month of
the year from 1954013, resulting in 27,600 records.

Displaying and analyzing tens loundreds of thousands of records within NESS is managed by filter
settings applied by the usgFilters are easy to use contralefiningthe criteria that must be met by the
records to be made availabl& common set of filters is available for each FEED theseare:

Start YearRecords must have a year value greater than or equal to this value
End YearRecords must have a year value lower than or equal to this value
Period:Records must be formonth or season, which is a collection of monéssfolows:

1 Winter=1,2,3
1 Spring =4,5,6
T Summer=7,8,9
f Fall=10,11,12
f Annual=1to 12

Cells Contain:Values are aggregated for each cell over the defined range of years and.period
Options are:

1 The Largest Value For Year(s)/Period Per Cell
0 This returns thenaximum value, which may occur in more than one year
i The Average Value For Year(s)/Period Per Cell
0 This returns the average value for each cell over the range of years for the
defined period

Available CellsThis defines the number of cells to be used, ahhiimits the spatial extent of
available recordsAll feeds, with the exception of Pack Ice, have a rangenefto 391, whee

oneis the Northern and Westermost cell and391 is the Southerrand Eastermost cell Pack

Ice cells range frommneto 9774,whereoneis the Northern and Westenmost cell and 9774 is

the Southernand Easternmost celThePack Ice tas&plit each celinto 25 subcells to display a
more accurate distribution of the Pack Ice task throughout the grid, especially in areas of the
shelf/slope break.

Once filters are appliedhe resuls are availablemmediately These filtered results can be viewed on
the map portion of the interfaceor in the list of filteredresults(Figure 15), which can then be easily
sorted.
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O Total tems

Filtered

Sort Filtered
Results

Filtered
Results
Descending

/ Order

Figue 1-5 Filtered results from a NESS query

The example shown abova Figure 15 represents Maximum Wind Speed in the month of February
from 1954 to 2013The map display indates wind values visuallgdlour-codedas per scale on the top

of display window, while the numerical results can sund by hovering the mouse over each cell block
on the map or looking at the filtered results in the lower right hand side of the page in the filters tab
The correspoding cell report camlsobe viewed by clicking on the selected cell.

As well as a static map visual of the data, NESS is also able to animate the metoceaTHEEDS
powerful visualization tool for the vast metocedata setsas you can set a filtdor a specific FEED and
play the results to get an idea of how the metocean data changing over timee(g.,year to year,
month to month or season to season)

Overall the NESS software allows for quick, easy visualization of the vast metdateset, allowing all
users to analyzeeasily the metoceanconditions offshore Newfoundland and Labradétor more
information on the operation of the NESS softwapéease view the NESS htowideoslocatedon the
Nalcor Energy Exploration webs(tetp://www .nalcorenergy.com/oiand-gas.asp

1.4.2 NESS Table of Contents
STUDIES
> Metocean
0 Metocean Full Repofcombined PDF file of Volume 1 and Volume 2 of the Study Reports)
0 Cell Summary Reports
i Cell Bathymetry Reports
i Cell Vessel Icing Reportki$ is the only di on Icing)

0 Wind (wind speed at 10 m above MSL)
o0 Period covered: 195¢ 2013
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