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ABSTRACT

We report results from the analysis of Ra@&2 images fothe detection ofuspecteail
slicksin the marine environment éfudson Baybtrait and Foxe Channdl278images
were acquirediuringthe falls 0f2015, 2016 and 2017. The potential slick candidates were
identifiedusingtwo methods: visuahterpretatiorand sentautomatednterpretation The
visual method is similar to the andescribed irDecker et al.Z013,b). The semi
automated approach is based on a suite of algoridlesignedo detectand characterize
darkareasBoth methodsmake usef wind speed and chlorophydldata.A total number

of 33 oil slicks candidates are reported with their locations and corresponding imhhges.
ultimate goal of the mukiemporal aspect of the projegas to look for persistence over
time of seep candidates concentrated over a same region in order to disglstgn

regions with a greater likelihood of oil seep origiine current survey does not
convincingly support the oil seep origin of any detected dark spot but may help future
works focus on the few areas that show more dense occurrences of slick esndidat

RESUME

Nous présentons les résultats de l'analyse d'images Ra2la@at la détection de nappes

de pétrole présumées dans I'environnement marin de la baie d'Hudson / détroit et du chenal
de Foxe. 1278 images ont été acquises lors des autom2e$xje2016 et 2017. Les

candidats potentiels ont été identifiés selon deux méthodes: l'interprétation visuelle et
I'interprétation serrautomatique. La méthode visuelle est similaire a celles décrites dans
Decker et al. (2013a, b). L'approche semiomatsée est basée sur une suite d'algorithmes
congus pour détecter et caractériser les zones sombres. Les deux méthodes utilisent la
vitesse du vent et les données de chloropfayllen total de 33 candidats possible de

nappes de pétrole sont reportés averslemplacements et les images correspondantes. Le
but ultime de la composante mtigéimporel du projet était de rechercher la persistance
temporelle des candidats concentrés dans une méme région afin d'aider a trouver des
régions avec une plus grande prhobgé d'origine de suintement pétrolier. L'étude actuelle

ne soutient pas de maniere convaincante l'origine de suintement d'huile d'aucune tache
noire détectée, mais pourrait aider les travaux futurs a se concentrer sur les quelques zones
qui présententek occurrences plus denses.
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1. INTRODUCTION

This report builds on work initiated yecker et al. (2013a, binder the first phase of the
Geoscience for Energy and Minerals (GHMprogramThe latteranalyzedRadarsa®R satellite
images tadentify suspected oslicks from dark areas detected thewatersurface for

monitoring and assessing the hydrocarbon poterftidudson Bay and Foxe Basifihe
rationalefor this approach is thatincer favorable wind conditions, water surfaces covered by oil
films would appear as dark areas orb@nd SAR images with incidence angles between 23 and
50 degrees, such as with RadatsanagesDecker et al.Z013, b) reportthe location of 40
suspect dark targetierived from the visual interpretation of 360 images acquired between 2010
and 2012The present work further investigathe oil seep occurrence in the same regions with
the analysis of 1278 Radarsatmages acqted during the falls of 2015, 2016 a2@17
(beginningof August to the end of Octobefhe ultimate goal of the multemporal aspect of

the project is to identify possible persistence over time of dark spots in a restretdéd a
strengthen theinydrocarbororigin. The potential slick candidates were identified through two
methods: visuahterpretatiorand semiautomatednterpretation The visual method igrimaily
basednthework described in Decker et aR{13a, b). The semiautomatedpproach was
developed to automatically detect and characteatark areas image propertiBeth methods
make use of wind speed and chloroptatiata to help exclude false positiverh the analysis.
The greatest challgee in oil slick detection usingingle polarizatiorBAR imagery is the

presence of loclkalikes(Alpers et al. 2017)Look-alikes are dark areas on open waters in SAR
images that have a similar appearance to oil shck$ave nospetroleum origins. Htural
phenomena that lead to loakkes includeg(Topouzelis 2008): low wind zones, organic film,
atmospheric fronts, rain cells, grease ice, internal waves, upwelling anevekgdinyg zones,

areas sheltered by land, and eddéexcillary data such as local wind speeds and chlorogzhyll
databecomeghusof great helgo screen ouprobabldook-alikes @Alpers et al. 2017).

We report a total number 88 oil slicks candidates with their locations and corresponding
imagesthegeospati al data is al so awlapelflVeasoas a
discuss the result afspatiectemporal analysisonducted omhese candidateB the following

report the termsdark targebanddark spobdare used interchangeably and referadark area

in the imageQil slick or seep candidates refers to dark spotshiiatimageproperties of

verified oil slicksin the scientific literaturemainlythelevel of darkness, textureontextand

shape

2. Radarsat-2 images and coverage

All images were acquiredh VV polarization with a spatial resolution 12.5m (wide mdsiéF
product).Each image covers an area of 150 x&&8. Therewere434 imagesicquired ir2015,

440 imagesn 2016, and 404 imagés 2017 for a total number of 1278 images. All images were
obtainedduring expected ice fremnditions, i.eAugust, September arfdctober of each yeah
sample ofadar imagdootprints of the area surveyemteshown in Figure lonly the montiof
September of each year is displayed to improve clarity. Thelnadr8eptember also

corresponds to peak coverage each year, September being at the height of the ice free season.
The number of different images acquired over the exact same location varies within the covered
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area and is, on averag®, imagesover thethreeyears with a mnimum of 7 and a maximum of
43images

Acquired Radarsat-2 Scene from 2015 to 2017

September 2015 (230) [ ] september 2016 (220) [ ] september 2017 (246)

All scenes are wide 2 beam mode (150 x 150 km footprints) at 12.5m ground resolution
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Figure 1.RadarsaR area coverag&@darsa® image footprints

3. METHODOLOGY

Two differentapproacheto dark spot detection were used in this study. ©okniquds based
on visual interpretation of the entire image set. The segmidodrelies on a sermautomated
method for dark spot detection on the entire imagelseminimize the amount of loeilikes,
local wind speeds and chlorophgidatawereincluded n the analysisor bothapproaches
Notice that, Hhoughchlorophylta and wind speeddata have uncertainties, they were used as
they were accurate. Consequently, there is a probathiitgomepotentialoil slicks be missed

in the process wherhlorophylta or low/high wind speedarefalsely detected.

Localized persistence of dark spots over time constitutes another clue to syygtayteaum
origin and this is alsoonsidered in the present work. Each method is described next.

3.1 Visualinterpretation

Thevisual interpretatiompproach is similar to the andescribed irDecker et al.Z013,b).
Each images wageocodegdfiltered with a 3 x 3 median filtethenenhanceavith aminimum:
maximumlinearcontraststretch Then,imageswere merged togethertoma single mosaitor
each orbital pasJhis processvas mainly developed in python/ArcGIS duripigase one of the
Geomapping for Energy and MineraGEM-1) program of the Canadian Geological



CommissionAll imagemosais weresubsequentlyisually inspectel. EachRadarsal mosaic
was displayed on two large monitpessmall portion at a timeuRhervisual enhancement
techniquesvere appliedf necessary.

The study area has no known oil seeps to act as a ground truth; therefore, the interpreter used
examples of known oil seeps and leslikes taken from scientific literature as a comparison
basis.The locations of potential slicks wemgarkedusing rectangar boxes encapsulating

isolated slicks or tight group of slicks and then registered into a GIS database with an associated
confidence levelTheinterpreter used the followirgubjectiveranking systento assign a

confidence level to each dark spot:

1. Bestcandidatei) a dark feature located e@hnear a known an active seep,

ii) a dark feature with clearly defined boundaaesiobserved fafrom
weak features resemblifgological processesr wind effects

2. Unknown origin

i) a darkspotthat could be explained by the presemf a seep or other
phenomena

i) a dark feature withigh contrasboundaries observed close from weak features
resembling ocean surface or biological processes.

3. Weak candidate:

i) Unlikely to be of hydrocarbon origin: a dark feature that is likely the result
of phenomena other than a hydrocarbon seep. It is inclodbd database
until more information can rule it out with greater confidence as a false
positive.These candidateseaignored for this report.

It is important to stress thdtis rankingsystem issubjectiveln practice for this projecbne
interpreter performed two iterations over the entire imadatgbasén order to increase the

internal consistency of the approach. This tasik approximatelytwo full weeksA second
interpreter independently ranked each candidate identified by the first interpreter. Then, a third
interpreter blindly ranked the candidatfor which the two previous interpreters disagreed. The

| owest confidence rank (1. e. hi ghest slick
level in the GIS database. Finallyind speed datand chlorophyHa data (see Section 3.2) were
used to help screen optobabldook-alikes from candidates with a confidence rank of 1 or 2.

3.2 Semiautomated analysis



An automated detectioalgorithmfor dark spotsvas alsaleveloped andmplemented. Itgnain
goak wereto help interpreters focalizen areas of potential seeps to avoid inspection of the
entire sebf imageryand to provide a less subjective set of oil slick candidates than the visual
interpretation methodur approach is based on image segmenté&itowed by region
thresholding'see Topaizelis2008for a review ofprevalentapproaches)lhe main steps of the
automateccomponentf themethod are shown inigure 2.

The SAR data pregprocessing includegeocoding, débration and image filtering3 x 3 median
filter), followed by anormalization of théackscattealong the range directidmased on the
CMOD5 model (Hersbach et al., 2007) with a wind speed of &ndwind direction relative to
northof 90degees Then, thecontrasted limited adaptive histogram enhancement (CLAHE)
algorithm (Zuiderveld, 1994) sppliedto reduce large scale background variability and to
enhance local contrasILAHE tiles size are set to 400 pixels on a sidext, he CLAHE image
is partifoned into homogeneous regions with the Simple Linear Iterative Clustering (SLIC)
algorithm (Achanta et al., 201®)ith a grid size of 256 pixelsThis is followed by @ierarchical
region growing algorithm to merge spatially connected regions so tmagalh sizes must be
larger than a specific size (~¥6L0% ha).The latter size was determined empiricallynfr visual
inspection of imaged.o detectdarkpixels athresholds appliedon each region of theegion
grownCLAHE image The threshold igivenin unit of median of absolute deviatibelowthe
region medianThe kackscatter characteristics within and surroun@ach darlspotare
computed (e.gntensitymean, standard deviation, area, etdgreover auxiliary data such as
wind speed data (National Synthetic Aperture Radar (SAR) Winds (NSW) Products,
Environmentand Climate Chang@anadapnd chlorophyHa data derived from MODISare
also extracted around each dagot if available Regional information such as the density
(number) of darlspotsin a same regiordistance from high wind areaanddistance from coast
were also considered (Konik and Bradtke, 20T6@pse features are ingestedafyzzy logic
engne togenerate plausibilityscore S, 0 S&0L, for each darlspot Thefuzzy membership
functionsfor favorable wind speed regime and intensity contrast between theptdr&nd its
surrounding werdefined with valuesaken from the literaturdoascally the following criteria
have been useainds between 3 and 8 m&xntrast greater than 3 a@iBd chlorophyHa
concentration smaller than Q1y/n?. The othemembership functionsere determined
empirically. The @mputer processing tieof the current implementatias about 30 minuteger
image

The outline of ach darkspotwasvectorizedand savedvith their associatedttributes in a
shapefile for each Radarsaimage A threshold,Ts, wasapplied on the dar&potscores to
eliminatei) the more obvious loeklikes andii) false positive®btained at the thresholding step
of the region grow CLAHE image The threshold was determined with tiedp of ranks 1 and 2
candidatesound by the visual method of Section 3Thelow-scores darlkspos basically
represent cases where intensity contrast is too low, winds are too low or too high, or where
chlorophyltais detected.

! https://oceandata.sci.gsfc.nasa.gov/IMOBIRIa/Mapped/Monthly/4km/chlor_a
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Figure2. Darkspotprocessing chain.

The secon@omponent of theemiautomatednethod(not included in Figure 2elieson visual
interpretationnonautomated paxif the metholl In a first step, lhdark spos aboveTsare
visually inspected to eliminatsnambiguousook-alikesand false positive In the present case,
this corresponedto 2700 dark spots, or on average, one dark spot per k06562 per
RadarsaR sceng A graphical interface as developedithin Matlabto quickly visualize and
assignlook-alike status by simple mouse clickinghis generated a file of dark spots ready to be
ingested into a GIAlthough itcan onlytake a few seconds to inspect each ,sgotheir look
alike statusnust beunambiguous, this step totko daysneverthelesso visually assess PD
darkspots In thefinal step,the interpreter ranked tlmiemaining darlspot aboveTs not
assigned a lochklike statusaccordingo the @ame ranking system as describe@®.ih The
ranking (confidence level) sddedn a GIS database.

3.3 GIS integrationanalysis and visualization

A dedicated GIS toolbox was developed to ingest aiadlyae the vectorized seep candidaies

their associatedttributes Figure3 shows the main modules of the processing chain for images

from years 2015, 2016, and 2017. The toolbox is designed to assess and visualize the spatio
temporal distribution of the dark spots (potentialstitks). The first module builda database

for each yearfrom the dark spot shapefiles obtained by either the visual interpretation (section

3.1) or the sermautomated approach (section 3.2). These databases are aimed at investigating the
spatietemporal distbution within a single year (August to Octaf) Next, a master geodatabase

is constructedo conducinter-yearspatiectemporal analysis. Note that Chlorophall

concentration within each image footprint are automatically retti!aen MODIS Aqua Level

3 Global Monthly Mapped 4 km Chlorophydlproduct (Hu et al. 2012).



The second module computes spagimporal groupings based naighbouring analysisf seep
candidatesA search for adjaceseep candidatas performed in the vicinity aheseep
candidatesvithin a predefined radius to identify possiblastersin the spatial domain, then in
the time dimension. The goal this modulds to search for temporal coincidencesetp
candidatesn a same area, both within a year and betwesms, tcassesshe seep origin
likelihood of the dark spots, in any.

The third module isdesignednterface to facilitate both gi@l and local visualisation gkep

candidatesind their possiblelusteringThi s modul e generates a 0.

visual analysis of seep candidatEsr examplepne tool developed for the module retrieves,
through simple mouse actioribe Radarsa? imagefrom which the seep candidate was
identified. This allows the usdf,necessary, to revise the confidence levailust of anyseep
candidaten the databas& density map (heat maps) is aldisplayed to demonstrate the spatial
variability of seep candidateGlusters if present, are labelled according to an encoding schema
that indicate thenumber of months betweéhe acquisition datfor the seep candidatebe

number ofseep candidateontairedin a groupis recorded as a shared attribute.
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image E .
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Figure3. GIS modules for data integration, analysis sistialization

4. RESULTS

The list of dark spoteetained as oil slickandidatess given in Tablel. The listcontains33
geographic locationgf candidates witlconfidenceranksof 1 or2. The correspondinRadarsat
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2 image subsefer eachoil slick candidateare shown in Figure.ANotice that nadistinction is
made in Table 1 between ranks 1 ar@h@didatess they can all be considerasl belonging to
rank 2.The Annex presents the same dark spots subset with luightextualviews.

In total, the visual interpretation method identified 25s6dk candidates anithe sem

automated method identified 22 oil slick candidatesomparison othetwo approaches

(Sections 3.1, 3.2pveabkthat1l out of the33 candidatesire uniquely selected by the visual
methodwhereas candidatesvere detected uniquely by the sesutomated methad'hus only

14 candidatesire sharetbetween the two approach®&oreover,two dark spots weraentified

during the lookalike rejection step of the serautomated method on other image pértarked

by t he inhthdiriddabeld&Cdhdidatddd s Table 1containingthd et t er O0AOG r ef e
darkspotsuniquelyidentified by the automated method.

One of the major expectation of this project was to look for persistence ovetiseep
candidatesoncentratedver a same regioim orderto assist in finding regions with a greater
likelihood of oil seep originUnfortunately, the results do nobnvincinglysupport theoil seep
origin of any dark spot Figure 5 shows the distribution asgatiectemporalgrouping of the
candidats listedin Tablel, which has been augmented with damdidates of rarsklL and Zgiven

in the GSC open file 707QDecker et al. 2013bBolely for internal consistencyconsiderations
along the 2014012 20152017 time sequence candidatesin the latter listwhere either
chlorophylta presence (phytoplankton) or too high/low wind conditianssuspectedvere not
consideredn the analysis (Table 2).

Group labels in Table 1, fifth column, and Figure 5 are coded so that the firgirdigdesa group
identification numberand the second two digitgives the number of monthbetween image
acquisitiongthe group identification number is arbitrary arasmo meaning)rhere are two co
occurrencesdentified as7.12 and™8.11 in Table 1 and Figur8, in the 201582017 survey. Each
occurrence igbout one year apanith one pairseparatedby 23 kmwith the other separated by
38 km The third co-occurrencereferred to group2.7Z in Tade 1 and Figure 5involved
candidates from the 2042012 survey, specifically FOX_ 2010 _003 and FOX_ 2010 \0bith
arein the vicinity of HS_2016_09The pairwise distance is 20 k@roup“1.I" ¢ csofdwos t
occurrence84 dayqyear 2015ppart andseparated by 35km.
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Tablel. Dark spotlocations (highest confidence ranking for poterglalks).

Dark spot Id Radarsat-2 Id Longitude (degrees) Latitude (degrees)| Group ld* Minimum Pairwis
Distance (ki
HS_2015 47 RS2_0OK67336_PK615405 DK546511 W2_20150918 224349 )/V_SGF-79.7902765p 64.8197568f
HS_2015_50*** RS2_0OK67337_PK615455 DK546561_W2_20150925_ 224029 _|/V_SGF-80.0259487p 68.6332530p 7.1 23
HS_ 2015 51 RS2_0OK67337_PK615461 DK546567 W2_20150926 234942 )V_SGF-94.5098234p 59.9851330)
HS_2015 57 RS2_0OK67337_PK615460 DK546566_W2_20150926 234921 )/V_SGF-92.7384639%p 59.9971193]
HS_2015 58** RS2_0OK67337_PK615468 DK546574_\W2_20150927_232106_}/V_SGF-88.0621781f 62.9500389)
HS_2015 61 RS2_0OK68499 PK624186 DK554947 W2_20151002_223453 )V_SGF-74.7137408)L 63.5961659|
HS_2015 76** RS2_0OK68500_PK624287 DK554898 W2_ 20151021 _232047_)V_SGF-86.9931466p 62.1486758]
HS_2015 77** RS2_0OK68500_PK624291 DK554902_W2_20151022_225052_p/V_SGF-78.9806059 60.3124852
HS_2015 Al RS2_0OK67337_PK615478_DK546584_W2_20150928 225245 _|/V_SGF-81.1539684 67.6058511]
HS 2015 A2 RS2_0K68499 PK624233 DK554994 W2_ 20151011 231203 )V_SGF-84.4293491 61.7495266 1. 35
HS_2015 A4 RS2_0OK68500_PK624268 DK554879 W2_20151017_233717_)V_SGF-89.7493857 61.5245450)
HS_2015 M1 RS2_0OK67335_PK615523 DK546444 W2_20150907_230359_}/V_SGF-83.7456320) 61.7970812 1.7 35
HS_2016_09** RS2_0K80494 PK709818 DK637558 W2_ 20161013 223909 )V_SGF-78.7511452 64.3443089) 2.7 20
HS_2016_10 RS2_0K80495 PK709845 DK637585 W2_ 20161021 220440 |/V_SGF-68.1440668} 61.6107728|
HS_2016_101 RS2_0OK80495_PK709828 DK637568_W2_20161015_232031_}/V_SGF-85.6458811 62.2204969)
HS 2016 102 RS2_0K80495 PK709827 DK637567_W2_ 20161015 232010 )V_SGF-86.1136680} 61.7286320)
HS_2016_108 RS2_0K80495_PK709863 DK637603_W2_20161025 232838 |VV_SGF-87.4874432 61.3088995
HS_2016_37** RS2_0OK78288_PK692675 DK621935_W2_20160820_235337_}/V_SGF-93.0423314f 60.5767304
HS_ 2016 _45** RS2_0OK79254 PK699589 DK628399 W2_ 20160903 234431 )V_SGF-92.5518573} 58.5214885
HS_2016_47** RS2_0OK79254 PK699607_DK628417_W2_20160907_232716_)V_SGF-85.4052657 56.2172123]
HS_2016_48** RS2_0OK79254 _PK699618 DK628428 W2_20160910_234015 )V_SGF-90.824495 57.6463307
HS_ 2016 _78** RS2_OK79261 PK699763 DK628552 W2_ 20160929 224836 |V _SGF-79.9750625) 68.4302243; 7.1 23
HS_2016 79 RS2_OK79261 PK699763 DK628552_W2_ 20160929 224836_|/V_SGF-81.4512223} 68.4214952
HS_2016_90 RS2_0K80494_PK709794 DK637534_W2_20161009_225421 \V_SGF-79.217497 58.5273878] 8.11 38
HS_ 2016 95 RS2_0K80494 PK709811 DK637551 W2 20161012 230652 V_SGF-82.0052596 59.1299152
HS_2016 A5 RS2_0OK79261 PK699691 DK628480_W2_ 20160919 223850 V_SGF-77.6414577 62.7481601
HS_2017_00** RS2_0OK87868_PK780120_DK708992_W2_20170816_232448 \V_SGF-87.874187 64.3002947|
HS 2017 21 RS2_0K90435 PK800939 DK728828 W2 20170916 231847 \V_SGF-84.7727965B 57.2373748|
HS_2017 25 RS2_0K90435_PK800969 DK728858 W2_ 20170920 230219 )/V_SGF-80.0093247} 58.5781531 8.1] 38
HS_2017_43 RS2_0K91353_PK808423 DK736264_W2_20171005_222726_)/V_SGF -76.82583 68.27336
HS_ 2017 46 RS2_0K91353 PK808428 DK736269 W2_ 20171006 233640 )V_SGF-91.1776878p 61.2481449)
HS_2017_A6 RS2_0K91355_PK808521_DK736426_W2_20171016_234511 \VV_SGF-91.7940970p 61.5931369)
HS 2017 M1 RS2_0K91355 PK808561 DK736466 W2 20171028 225359 )V _SGF-78.8060681p 58.8846557

* First numberprovidesthe groupidentification numberthe second two digits the number of months between infageg=igure 5)

** The other dark spots in the vicinity of HS_2016_09 are FOX_2010_0003 and FOX_2010_004 (GSC Open File 7070).

*** Dark spots uniquely identified by the visual approaches.
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Figure4. Dark spotsategorized as best potential oil slicksset shows geographic
location on the map. North on top.
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