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SUMMARY

Green Rebetontracted GeoSurvey&sS) to provide offline qualityontrol (QC) processingand
interpretation of 3D UHRS sparker muithannel data acquired by Geomarine Surv&ystems
within the scope of theArklow Bank Wind Park (ABW&)rvey areacarried outoff the coast of
Arklow, Ireland.

This document reports the data processinge¥entyone 3D UHRS Volumes (corresponding to
swaths, including reuns and infills from both vessels) in the survey area, resulting in approxin
600km of multichannel seismic reflection data acquired with a sparker system.

The dhta processing was carried oatt GS officeusing Radex Pro softwa(Beco Geophysicadnd
Kingdom Suite softwar@HSYor quality control of the seismic data

The procedures described in the present document are confidential and intellectual prope
GeoSurveys.
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ABBREVIATIONS

ABWR Arklow Bank Wind Py

ASCIt American standard code for information interchange;
3D¢ Treedimensional;

BSB; Below Seabed;

BSPS& Boulder signature preserving stack;

CDR; Common depth point;

(c, k) m¢ Centimetre, kilometre, metre;

DGPY Differential Global Positioning System;

DPTc¢ Depth converted stack;

EBCDIG Extended binary coded decimal interchange code;
EPS@ European Petroleum Survey Group (Geodetic Parameter Dataset);
FFICx Field file identification number;

FK- Frequencywavenumber;

GMSS Geomarine Surveys System;

GNSS Global Navigation Satellite System;

GSg GeoSurveys;

Hzc Hertz;

IVA-Interactive velocity analysis;

LAT lowest astronomical tide;

LK¢ Vessel Lady Kathleen;

LW(c¢ Lightweight;

MBESMultibeam Echo Sounder;

MIG ¢ Migrated stack;

MULc¢ Multiple attenuated stack;

ms¢ Milliseconds;

MV ¢ Motor vessel
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N ¢ North;

NMOc¢ Normal moveourt;
QA Quality Analysis;
QCc Quality control;

RM& Root mean square;
RR¢ Vessel Roman Rebel;
S/N¢ Signal to Nois®atiq

SEGY ¢ Convention from the society of exploration geophysicist (seg) forstaek and posstack
seismic data;

TVBPFE Time variant bandpass filtering;
TWT¢ Twoway-time;

UKHGQC; UK Hydrographic Office;

UHRS; Ultra high resolution seismic;
UTMc¢ Universal Transverse Mercator;

VOREF Vertical Offshore Reference Framework.
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1. INTRODUCTION

The 3D multichannel Ultra High Resolution Seismic (UHRS) plaicessing repoed herein was
performedwithin the scope of thé\rklow Bank Wind Park (ABW&yvey areaThe survey was carried
out by Green Rebelon boardof the Roman Rebelessel(from 4" June to 2¢ August 2024and MV
Lady Katleenvessel (fronl3" of July to & of August, 2024)

The purpose of the UHRS data processing presented here is to ptuitRi8lata for the interpretation
of the geological layers and other structural elements to a dept00im below seabed, as well as for
the identification of bedrock depth plusgec-hazards in order to provide information for the
optimization and dehazard the installation of Offshore Wind Farm infrastructures.

Geo Marine Survey Systems (GMSS) performed the seismic data acquisition using -higtultra
resolution seismic system for each vessalletailed description of the UHRS system used can be found
in sections3 and4. Offshore data quality control was carried out by GeoSurveys (GS).

Green Rebel acquired MBES data, which was then used to QC the UHRS vertical datum.

Seismic dta processingn the officewas carried out using Radex Pro softwé@deco Geophysicehnd
KingdomSuitesoftware(IHS)for quality controlof the final 3D volumes

All processed datarein the projected coordinate system WGS84 / UTM Zone 30N (EPSG 32630). The
vertical reference system for the survey is Lowest Astronomical Tide (LAT).
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2. SURVEY AREA

The survey was carried out I3reen RebelThesurveyarea is locateciround 10 km from Arklow,

Ireland TheArklow Bank Wind Park (ABWgvelopment site has an approximate water depth range

of less than 5 meters to 50 mete(BSigurel).
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Figurel ¢ Survey site of the Arklow Bank Wind Park.

During the survey, a total ®08seismic swaths were acquired (includingN&lzy” a

I ir@mbotf FAT € Q&

Roman Rebel and Lady Kathleagssely. Based on the offshore QC/QA analysis performed on the

data, a total oB22swaths were accepted for further processif7d.7 swaths from Roman Rebel vessel
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and 105 swaths from Lady K&hbn vessel)The 3BUHRS survey siteas initiallydivided in two scope
- one per vesselHigure2).

The initial scope went through some changes, as Lady Kathleen did survey areasplatiaky for
w2Yly wSoSftzX FyR KS alyYyS 32Sa F2NJ I LINL 27
scope. Main reason for these changes lies on the water ddpthshallower areas had initially been
designated fothe Lady Kathleen, ahe Roman Rebel was not expected to operate in such conditions.
However, the entire survey area proved to be deeper than anticipated, making it feasibeefor
Roman Rebeb operate in more areas. Given thédite Roman Rebel was equipped with a wider and
longer3D spread, it became the preferred vessel for data acquisition in these areas.
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Figure2 ¢ Overview of the planned lines as per the latest line plan (vessel Lady Kathleen in orange;

vessel Roman Rebel in green).

2.1. Purpose and objectives of the 3D survey

The purpose of th&BWP surveig todemonstrate the characteristics of the 3D UHRS data and provide
a dataset where it is possible:

9 Seismic interpretationto 100 m BSB (considering that the achieved penetration will be
dependent on the sediment properties at the site);

1 Identification of potential hazards to the development of offshore wind farm infrastructure at
the site;
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1 ldentification of bedrock depth and wherever possible the characteristics of the weathered
rockhead:;

9 Identification of subsurface structures that may represent changes in material properties
relevant to the design, emplacement and operation of Offshore Wind Farm infrastructure.
Gedurveys quality control and processing solutions were tailored to m#et necessary
requirements

2.2. Infrastructure and personnel

For each vessdlhe offshore QC was done usioige processingvorkstationwith RadexPro from Deco
Geophysica@indone workstation withSeismic Processing Workshop (SPW)

At the office, the seismic data management, processing and reporting were executedsesirgl
workstations. The processing was done using the seismic processing software Ra(@&ro
Geophysicaland the QC of the processed SES&was performed using the software Kingdom Suite
(IHS)

The following team acquired and processed the seismic data on lveardtely of the vessel Roman
Rebel:

1. B. Siméo GS/Offshore QC GEOSURVEYS
2. G. Moreira GS/Offshore QC GEOSURVEYS
3. A.Pinto GS/Offshore QC GEOSURVEYS

The following team acquired and processed the seismic data on leardtely of the vesseM/V
Lady Kathleen

1. T.Boehm GS/Offshore QC GEOSURVEYS
2. E. Seabra GS/Offshore QC GEOSURVEYS
4. M. Melo GS/Offshore QC GEOSURVEYS

The following team executed the final seismic data processing and prepared the report:

1. F. Correia Processing Reviewer GEOSURVEYS
2. H. Duarte Processing Reviewer GEOSURVEYS
3. C. Pereira Principal Processor GEOSURVEYS
4. N. Alves SeismidProcessor GEOSURVEYS
5. I. Prazeres Seismic Processor GEOSURVEYS

6. |. Couto Seismic Processor GEOSURVEYS
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7. R. Oliveira Seismic Processor GEOSURVEYS
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3. DATA ACQUISITION - RR

TheUHRSJata acquisitiorwas carried out on boardf the Roman Rebédlom 4™ June to 24 August
2024 Themulti-channel seismic spread consisted of

(a)3 GeaSource200tips LW sparkestowed at60 cm deepfiring at400 Jouleper sourcewith
250 mstriggerinterval

(b) 3 GeaSpark 200BFOpower supplies;

(c)5 GeoSense Ultrd_ight Weight48 channels streametowed in a slantconfigurationwith
fixed 1 mgroup intervalspacing

(d) 10 multi-trace recording devices oR4 channelseach - Geomarine Qurvey Systems
connected to the streamearand to thereference hydrophones

(e) 13 duatDGNSS antennas MK3 located on each sparker sources and at the front and tail

buoy of each streamer.

The streamers were balanced for a slanted configuration withriat at approximately0.3m below
the surface and the taét approximatelyl.5to 1.8 m. Thestreamers slant configuration allowier a

wider signal frequency recovery and better ghagenuation, as the deeper receivers with increasing

offset will result in an incoherent stack of the receiver surface ghiests were carried during the sea

trials to assess the quality eachstreamer balancing.

The following picture describes the adopted 3D acquisition geonfEtgure3):
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3.1. Acquisition Parameters

Eachone of thestreames deployed in thisressehasa total of48 channelswith fixed group interval
of 1 m, with atotal streameractive length o7 m. The $ooting interval was performed irtime ¢
every250ms. The general acquisition parameters are summarizetaiplel.

Tablel - Acquisition parameterssed in RR vessel.

Source 3x GeaSource200tips LW

Source Towing Depth @ 06m

SP Interval 4 Hz in Fliglop-flap - 250 ms
Operating Power @400 J

Power Supply 3 xGeoSpark 2000FO

Sample Rate 0.1 ms (10 kHz)

Multichannel Streamer 5 x GeeSense UltraLight Weight 48 channels
Streamer Depth F mgodm

Group Interval 1m

Active Length 47 m

Recorder 10 x Multitrace24¢ Geomarine Survey system
Record Length 225 ms

Format SEGY

Acquisition Speed ~1-4 kts SOG

3.2. Line Identification
Theseismicswathsacquiredwere namedwith the followingconvention 24G02_RR_XXX.

G Hn DreferétotheLINE 2S00 ARSYGAFAOIGAZ2Y LINBFTAEZ awwé Aa
G- - - ¢ Aad GKS fAYS YdZYoSNE AYONBLEAAY3I FTNRY nnmo

Infills aredesignatedd & (1 KS & dzF TxAs khe nutherbof the indllatRi. Each attempt will
have tis number incremented, e.g.: 24G02_RR_063_11 (first infill attempt for line 24G02_RR_063).

Reruns arddentifiedd @ G KS & dzF T xigthecnymbér 6fThe @rkirSaN&npt. Each attempt
will have this number incremented, e.g.: 24G02_RR _059 R1 (first rerun attempt for line
24G02_RR_059).

Forthe infill and rerun attempts, someof the lineshadthe WTG name added to the line name, e.g.:
24G02_RR_WTO01 001 _I1. This resulted in a line tizah&vastoo longfor the P19iles, as they are
limited to 15 characters For those case, KS LINBFAE d&dHNDnHEé 61 a NBY2OSROD

3.3. Navigation and Positioning

The navigation and positioningene carried out witha duatDGNSS antennas MK3 a primary
positioning systenin 13 specific points of the spreathe sources, the streameideading buog, and

the streamestail buoys. Position of each channelfor each shot; was calculated based on this active
positioning systemn offshore.The site presented unique challenges to positioning in the form very
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strong currents parallel to the inline direction (sailing direction), possibly because of the sand ridge
morphology that runs across the site. In order to ensure full coverage at reasonable speeds and low
noise, the vessel had to declutch and drift inteelwith the currents when entering the block, causing

the streamers to bend, loosing the linear shape assumption required by the DGNSS positioning
method.

The net effect was an increased degradation of the DGNSS computed receiver positions towards the
middle of the cable, that could reach several meters, well in excess of the expected rms accuracy of
0.5 mrequired by the project to image point diffractof® address this issue and determine the curved
shape of the streamers with the required accuracy, all the navigation was reprocessed at the office
with an inhouse developed acoustic positioning method, which uses source DGNSS positions, direct
arrival times and sound velocity measurements in the upper 2 m of the water column.

All UHRS data is referenced according to the projected coordinate sys#W@S 84 / UTM zone 30N
(EPSG 32360) and the vertical reference system is LAT using the UKHO Vertical Offshore Reference
Framework (VORF).
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4. DATA ACQUISITION - LK

The UHRS data acquisition was carried out on boérttie M/V Lady Kathleefrom 13" Juy to 3™
August 2024Themulti-channel seismic spread consisted of

(a)2 GeaSource 200 tips LW sparkers towed at 60 cm deep firib§@&Ioules per source with
500 ms trigger interval;

(b) 2 GeaSpark1000Xpower supplies;

(c) 5 GeeSense Ultrd ight Weight24 channels streamer towed in a slant configuration with
fixed0.5m group interval spacing;

(d) 5 multi-trace recording devices of 24 channels eaclceomarine Survey Systems,
connected to the streamers and to theference hydrophones;

(e)one dualDGNSS antenna MK4 located on each sparker source.

The streamers were balanced for a slanted configuration with the mbapproximatelyl.5m below
surface and the tail approximately2 m. The streamers slant configuration allows for a wider signal
frequency recovery and better ghost removal, as the deeper receivers with increasing offset will result
in an incoherent stack of the receiver surface ghost. Tests were carried during théatet assess

the quality of each streamer balancing.

The following picture describes the adopted 3D acquisition geomEtguie4):



é GEOSUWEYS Arklow Bank Wind Park (ABWP) 3D UHRS Geophys Pagell

Survey
. - —
E e : Him i ! 25 m
H i i 1
H H H H
H ! H |
: i i !
; | | |
— & : : i
I i T ]
i i |-zom i -1.50m (a)
H H
i T ' ;
1 ] i
i i : i
H 1 i '
H H '
H H
' : 1 :
H H i 1
H H ! H
H i [ Z1 m
— £ : —
:. Ch {20 Steamer 5 Th 104 Ch a7
H } H i
: : : : am
* ! i } Z1 m
H Ch i Slrearmier 4 Ch ad Ch 73
H i Lo [ 05m
H : DGPS r ! 25 m
! ' antenna :
H H
H i 1 : 25m
H : i H 2 m
L ) - i
' Ch72 Slreamar 3 qh 56 Ch 48
H i H
! 151 : 2.5m imal Anlenng
i DGPS K [ 25 m .
; Antenna | g ; 1
H H i H 0.5 m
* . i | | 21m (b)
’ Ch 4B Sreamer2  cp's2 Ch 35 ]
! 1 : |
5 5 s e am
':. ) H H 21m
Ch 24 Slreamer1 oy g Chit

Figure4 ¢ Lady Kathleemesselayout and offset diagram of the seisnsigread: (a) cross section and (b) plan view (not to scale).
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4.1. Acquisition Parameters

Each streamer deployed in this survey has a totadahannels with fixed group interv@l5m, making
for a total streamer active length df1.5m. The shooting interval was performed in timesvery
250ms. The general acquisition parameters are summarizédhie2.

Table2 - Acquisition parameters used in LK vessel.

Sources 2 x GeaSource 200 tips LW
Sources Towing Depth @ 0.6m

SP Interval 4 Hz in Fliglop - 250 ms
Operating Power @550J

Power Supply 2 x GeoSparkl1000 X

Sample Rate 0.1 ms (10 kHz)

Multichannel Streamer 5 x GeeSense UltraLight Weight24 channels
Streamer Depth F1.5¢2m

Group Interval 0.5m

Active Length 11.5m

Recorder 5 x Multitrace24¢ Geomarine Survey systems
Record Length 240 ms

Format SEGY

Acquisition Speed 2.5-4.5kts SOG

4.2. Line Identification

Line naming convention was the same as the one described incl@apfer 6 A G K &a[ Y¢ 0SAy 3
awwé  FeaddlidankfiSationl@ady Kathleen

4.3. Navigation and Positioning

The seismic spread was positioned in real time using one@BASS antenna MK4 located on each
sparker source. The differential corrections were received by SBAS satellites with up to 50 cm accuracy.
The position of each channel (offsetjor each shot; was calculated based on this active positioning
system and taking in account the direct arritislesand the daily measures of sound velocity in the
water.

All UHRS data is referenced according to the projected coordinate sys¥#@S 84 / UTM zone 30N
(EPSG 32360) and the vertical reference system is LAT using the UKHO Vertical Offshore Reference
Framework (VORF).
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5. SEISMIC DATA PROCESSING SEQUENCE - RR

The present chapter will provide a detailed description of all processing flow track steps applied to
seismic data acquired with Roman Rebel vesded. processing flow was specifically tailored for this
LIN22SO0GQa RFEGEFE Ay 2NRSNI G2 AYLNRGS (GKS NBaz2f dzia?z2

5.1. Processing Sequence

The office processing flow was divided in two main processing flows: a processing flonswathe
domain and a processing flow in the volume dom&igure5).

The main purpose of thevath domain processing flow was to pick the direct arrival and seahedl
are necessary for a proper equipment motion calculation and statics correction

The aim of the volume domain processing flow was to create a time and a depth converted migrated
seismic sections f@D UHR$&iterpretation. The flow procedures consist afata repositioningdue to
curved cables related with strong currenteeometry assignmenstatic correctionsnoise filtering,
pre-stack signature deconvolution, psgack multiple attenuation,pre-stack deghostingNMO
correction 3D regularizatiorKK filteringpre-stack migration usingre-Stack Kirchhoff Time Migration

to recover true geometry of primary reflections, CDP ensemble stacking using velgaitiesedfrom

the Interactive Velocity Analyséssessmentpost-stackdeghosting,Time Variant Bandpass Filtering
(TVBPFand amplitude compensatiorBoulder signature preserving stack (BSPS) datasets were also
generated and delivered.
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Figure5 ¢ Processing workflow applied to the seismic datguired in RR vessél white- processing
steps in blue- intermediate processing steps green-text files in yellow- deliverables.
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5.2. Swath domain processing flow
The raw SE® data acquired, had the following information on the headers:

FFID number (Byte location 9);
Channel number (Byte location 13);

= =4 =

Source positions (SOU- Ryte location 73, SOU -Byte location 77);
1 Receiver positions (REC- Byte location 81, REC- Byte location 85).

Initially, the sourcesand receiver positions were obtained by direct synchronization of all positioning
data obtained from the source, front and tail buoys DGPS antennas and was recorded during the
acquisition to the seismic trace header of the raw data. The data positiorasglso recorded in log

files (ASCII filespue highly curved streamerslated with strong currents encountered during the
survey a data repositioningflow was added to thdRoman Rebegbrocessing sequencdgseesection

5.3.0.

The swath domain processing flow mainly consists of picking the direct arrival and seabed position in
TWT for further use in the volume domain processing flomequipment statics correction and pre
stack migration.

5.3. Volume domain processing flow

The aim of the volume domain processing flow was to create a time and a depth converted migrated
seismic sections for 3D UHRS interpretatibime main processing steps were:

Dataacousticre-positioningandgeometryassignment;
UHRSrim Static corrections

Noise Filtering

PreSacksourcesignature deconvolution;

PreSack multiple attenuation;

InteractiveVelocity Analysis

NMO correction and vertical reference correction;

PreStack deghosting;

3DRegularization;

3DPrestack migration usingrB-Stack Kirchhoff Time Migration;
CDP ensemble stacking;

Post3ack multiple deghosting;

Time Variant Bandpass Filtering (TVBPF)®amdlitude Compensation;
Depth conversion

=A =4 =4 =4 4 -4 -4 4 -4 -4 A4 -4 -4 A 4

Boulder signature preserving stack in TWT.
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5.3.1. UHRS data re -positioning
The seismic spread positionimgas performed using a network & duatDGPS antennas located on

the three sources The position of each channelfor each shotg is calculated based on this active
positioning system and stored in the raw SE@le for each swathAlthough the positioning tests
performed onboard durindRoman Rebemobilizationwere acceptedequipment towinginstability

was identifiedthrough all streamersmainly due tostrong currents(streamers with highly curved

configurationsduring the acquisitionvide3.3 Navigation and Positioning
Although not initially planned, and iorder toaddresghe issuean inhouse developed methodology
wasapplied using the acoustic range positioning to replace the X and Y positioeach channebf
each streame(Figure6). ThechannelX and Y positions are estimated based on the GPS positions of
the sources and the sourgeceivers offset (derived from the pick of the direct arrival converted to
distance using the sound velocity the wate). The irhouse developed algorithm enables high

precision positioning predictiorfer curved cableshapes
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Figure6 ¢ Example ofive streamersposition. Original Positioning in rethe GPSantennas assuming
a straight streamer configurationin blue the streamer positions (curved) after applying theoustic

Positioningnethodology In greenthe streamer front and tail buoy plotted.

A thoroughand significantly timeonsumingquality controlwas performedto eachone of theRR
swathsto ensure the accuracy of the method prior to the 3D volume processing phase. In general, the
QC methodology involved generating residual differences between the acoustic positioning solutions
and the raw GPS positions, followed by an inspection of statisparameters such as the mean,
median and standard deviatioithe Acoustic Repositioning resudi® shown irFigure7 andFigure8.
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Figure 7 ¢ WT111 nigrated datasetshowing in a) before and b) after applying teoustic
Repositioninglnline 46in al)andbl), vertical scale in secondsme slice display at 57 ritsa2) and
b2).
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(a2)

(b2)

Figure 8 ¢ WT111 nigrated datasetshowing in a) before and b) after applying tAeoustic
Repositioninglnline 135 in alandbl), vertical scale in secondsme slice display at 50 msaf) and

b2).

5.3.2. Geometry assignment

The geometry was assigned at the GeoSurveys office ussiyGDP binning procedur@gadExPro
processing stepsyith a bin size of 0.5 rfor each 3D volume.
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5.3.3. UHRS Trim statics corrections

The source and cable statics (trim statics), includes a {ogdeace residual static correction
procedure to compensate the vertical motions of the towed equipment. The MBES bathymetry was
imported into the RadExPro software and used as a referencehirstatic computations. This
procedure was developed-mouse by GeoSurveys. It includes a comprehensive review of picks of all
shots, doubling up as a geometry and signal QC procedure of the full data set. This static correction
also compensates for théreamer slant.

Results from before and after the UHRS trim static corrections are depickgdure9 and FigurelO.
As it can be observed froRigurel0b) the achieved detail is greater as the finer collapse of the overall
seismic data is recognizable after the UHSR trim static corrections.

FFID 20966 20971
CHAN 120 144 168 192 216 240 120 144 168 192 216

100

120}

(@)
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FFID 20966 20971

1004

120}

(b)
Figure9 ¢ Example of two shot gathers from WT51 voluifag;before and (b) after UHRS TRIM static
corrections. Vertical scale in TWT (ms).
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ILINE_N103 104
XLINE_NO 235 285 335 385 234 284 334 384

(b)

Figure10 ¢ Stacked Inline 10and 104 of volume WT32 (a) without and (b) with UHRS TRIM static
corrections. Vertical scale in TWT (ms).

5.3.4. Noise Filtering

A pre-stack FK filtering was used for noisgtenuation of streamer tugging, vessel noise and other
recordedtypes ofnoise. The K filter designed operators and parameters were considered to remove
not only tugging but also vessel noise, allowing a betignaito-noise ratio(S/N) as an end result
(Figurell and Figurel?2). A careful noise filtering was done and adapted throughout the project, to
minimize its impact on preserving diffractions that, in some cases, may overlap with the identified
noise types.

FFID 538801 538851
CHAN 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228
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FFID 538801 538851
CHAN 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228

204
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1407

1607

1804

(b)
Figure1l ¢ Two $ot gathess of volume WT44howing: (a) examples of directional noise for vessel
(yellowg higher frequency front streamer tugging (blue lower frequencyand tail streamer tugging
(red) before noise filtering, (b) after noise filtering. Vertical scale in TWT (ms).

FFID
CHAN 72 96 120 144 168 192 216 240
204

1001
1107

1204

(a) (b) (©)

Figure 12 ¢ Shot gather ofvolume WT5 showing: (a) before, (b) aftemoisefiltering, and c) the
difference between the dataset before and after noise filtering. Vertical scale in TWT (ms).

5.3.5. Pre-stack source signature deconvolution

The prestack source signature deconvolution was used to collapse the outgoing primary source pulse.
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using the source signature extracted from the seabed. The deconvolution operation procedure was
assessed for its effectiveness, as seabed signature arrivals bexadiayesed and a flatter frequency

spectrum was achieve@he data is transformed in zero phase with normal polahitgeneral, results

show a compression of the basic wavelet and an overall increase of vertical resolution of the seismic
profile, Figurel3.
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Figure 13 ¢ Shot gather showing three shots of WT02 volume (a) before and (b) after source

deconvolution. Vertical scale in TWT (ms).

5.3.6. Pre-Stack multiple attenuation

A surface related multiple attenuation was used within the-ptack multiple attenuation procedure
G2 Y2RSt 0KS &aSAaYAO RIFGLI YdzZf GALX S SySNHE&®d ¢K:
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implemented to remove the multiple energy in order to improve geology imaging at multiple depths
(Figurel4 and Figurelb).

These specific procedures are based on the adaptive subtraction of a model of multiples, which are
obtained from the data itself by shifting each trace to the arrival time of the seabed.

Several iterations were tested with different filter lengths and positions, multiple model shifts,
tapering windows and filter averaging base. The chosen parameters and iterations where the ones that
presented the best overall results on the blocks usedtie processing tests.
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CH;;I 102 103 104 105 106

(b)

Figurel4c Channel gathers &/ T20volume: a) before pretack multiple attenuatiomndb) after pre
stack multiple attenuation (vertical scale in TWT ms).
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Figurel5¢ Shot gather of volume WT51 showing: (a) before, (b) aftesfaek multiple attenuation,
and c) the difference between the dataset before and aftersprek multiple attenuation. Vertical
scale in TWT (ms).

5.3.7. Seismic Velocity Analysis

Supergathers were generated eveB0 inlinesand every 50 crosslinescomprising3 inlines and 3
crossline. For those 3D volumes that have CPT & BH assocititedocation was include in Super
gathers creation too.

RMS velocity curvggigurel6) were producedthrough the interactive velocity analysis (IVA) for each
volume and were used for NM@re-stack migration and depth conversion procedures
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5.3.8. Amplitude Recovery

Velocity (mfs) Offset (m)
2251 25

b)

Figure 16 - Interactive Velocity Analysis for @& with (a) and without (b) NMO applied(Inline 96,
Crossline 300)The grey line represents the interval velocities. The black line shows the RMS velocity in
the CDP. Vertical scale in TWT (ms).

Spherical divergence was applied to the data to compensate for amplitudes loss due to spherical wave

front spreading. The spherical divergence correction was applied prior to NMO.

5.3.9. NMO correction

The RMS velaocities from IVA were used to apply the NMO corrections to the CDP (ftheel 7).
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Figurel7 ¢ Example oCDP gatherBom WT17 a) before and b) after NMO correctiofvertical scale
in TWT ms).
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5.3.10. Vertical Reference

All 3D volumeswere corrected to LAT (lowest astronomical tid@yocessed tides and MBES grids
generated by Green Rebel were used to correct the seismic datdraneaby-trace basis.

5.3.11. Pre-stack deghosting

A prestack deghostingrocedure was applied to 3D seismic volumes, in order to attenuate the
receiver ghost present in the data. For that purposgeghosting procedure that consists on a forward
and reverse time recursive filter, was implemented on the processing flow, to predict and subtract the
receiver ghost wavefield in prgtack domainKigurel8).

R_LINE 1 2 3 4 5 1 2 3 4 5
FFID 619412 619505
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107 e
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(b)
Figure 18 ¢ Shot gathers from OSP_North volume showing (a) before and (b) afterstack
deghosting Vertical scale in TWT (ms).
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5.3.12. 3D Regularization

The purpose of 3D regularization is to make a uniform distribution of offsets by interpolating offset bin
volumes

The process useskxKy reconstruction to perform the regularization. This reconstruction is accurate
for dipping events. The procedure works by overlapping spatial/temporal blocks then for each block it
searches for a Fourier coefficient on a regulad dghiat will match the irregularly spaced input data
through backward Fourier transform. The coefficients are then transferred back #d domain
through regular Fourier Transform.

Due to site conditions that affected the streamers shape (curved when acquiring with the current),
extensive 3D regularization test®nger than initially planned, were requir¢al properly regulate all
offsets, that had their spatial distribution affected by the curved streamers

There is a significant improvement of the lateral continuity and consequently of the horizontal
resolution after regularizatiofFigurel9 andFigure20).

TIME 60.8 60.9 61
ILIN; NO 100 200 100 200 N 100

104

TIME 60.8 60.9 61

(b)

Figurel9 ¢ Time slice display at 61 m§WT32 block. a) before and b) after regularization horizontal

and vertical scale in meters.
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Figure20 ¢ Inline 112 to 118of WT32volume a) before and b) after regularization. Vertical scale in
TWT (ms).

5.3.13. KK Filtering

In the time slice domain-K filter wasused in order to enhance the signal coherendthin the seismic

volumes and attenuate the vessel footprihtat appear in several RRlumes(Figure21). Withoutthis

process, data would preserve a linear artefact in the form of striping to the inline sailing direction that

could be missnterpreted as linear featureandalso misleading theeismic¢ 5 Qa A Y (0. DOELINB G | G
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to strong currents faced on site, the footprint noise varied depending on swath acquisition direction.
Therefore, this filter wscarefully assessed on a WTG basis to evaluate its effectiveness and adapted

accordingly.

TIME 43 43.1 432
i 1

101

(b)

Figure21¢ Time slice display &3 ms of awT20volume section a) before and b) after applying the KK
filter in time slice domain

5.3.14. 3D Pre-Stack Kirchhoff Migration

The prestack Kirchhoff time migratioprocedureis a time domain processing module used to
construct the geometry of primaryeflectionsprior to stacking, sing the previous calculated RMS
velocity. Several tests were carried out, namely aperture range, in order to obtain the best seismic

results.

In the end the parameters selected were the ones that presented the best relsulRiggure22 shows
the before and after Prstack time domain Kirchhoff migration in CDP domRipststack results are

shown inFigure23.
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Figure22 ¢ CDP gathers of WT51 volume (a) befmigration and (b) after prestack Kirchhoff time
Migration. Vertical scale in TWT (ms).
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Figure23¢ Inline 98 to 103 of WTO05 volureghibitspoststack comparison of (gjackedhon-migrated
dataset and (bytackeddataset with prestack Kirchhoff time migration appliedertical scale in TWT

(ms).

5.3.15. Ensemble Stack

The CDP gathers were stacked using an alpha trimmed filter. The alpha trimming was used as a mean
to attenuate occasional bursts/spikes as well stacking of the receiver.ghost
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5.3.16. Post-Stack deghosting

This process was applied in order to attenuate the residual source and receiver ghost-stapkst
signature was extracted from the seabed primary reflectfon each block After the poststack
deconvolution, a sharper and highsolution imaging (due the broader frequency band) is
accomplishedKigure24).

ILINE_N71 81 91 101 11 121 131
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70+
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i

(b)

Figure24 ¢ Inlinesfrom WT28volume (a) before and (b) after pestack deconvolution. Vertical scale
in TWT (ms).
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5.3.17. TVBPF and Amplitude Compensation

A Time Variant bandpass filter (TVBPF) was applied to the data in order to attenuate noise related
SAGKSNI 12 NB&aARdzr f LINB OSa&aAy 3 FigueBss Gverdllfitie TZBRF (2 (0 K
was used to filter out the high frequency content with depth.

After TVBPF filtering, an amplitude compensation procedure was implemented as well, in order to
mitigate those losses. A gain curve was calculated for each trace and then applied to the dataset. The
combined results of TVBPF filtering and Amplitude Comga@rsare shown ifFigure25c.
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Figure25¢ Stacked crodise of WT54volume (a) beforgb) after Time Variant Bandpass Filter applied

and (c)after Time Variant Bandpass Filter and amplitude compensagtionedure Vertical scale in
TWT (ms).
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5.3.18. Depth conversion
The 3D seismic volumes (time) were converted to depth using the 3D IVA RMS velocity models.

From the complex 3D velocity field there is a nonlinear relationship between time and space, i.e. a
sample in time at shallow depths represents a much smaller distance than a sample in time at greater
depth. To preserve the maximum resolution, the sampternval of the DPT datasets was set to 5 cm.
Hence, the seismic data in depth has a greater number of samples than the ones in time domain (MUL
and MIG).In Figure26b is depicted an example of a depth seismic section.
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Figure26 ¢ Inline97 of volumeWT27(a) interval velocity model on top of time migrated seismic profile
(vertical scale in TWT$) and (b) vertical scale of the same seismic profile in depth (m).

5.3.19. BSPS datasets

BSPS data represents mostly the hyperbolic energy content of the acquired seismic data, having most
of the horizontal signal component/acoustic response filtered out. By migrating the BSPS data
(BSPS_MIGall diffraction hyperboloids associated wjibssiblepotential boulders collapse into point
amplitude anomalieshelpingthe identification of PB.

For each 3D volume, two datasets were created to help detecting Point Diffratiicatons

1 NonMigrated boulder signature preserving stackime domain(Figure27, b),
1 Migrated boulder signature preserving stackime (Figure27, c).
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Figure27 ¢ Inlines 71, 81, 91, 101 of Vestas_OSP volumfna)migrated stackb) Non-migrated
BSPSand c)Migrated BSP&ertical scale in TWT ms).
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5.4. 2D MUHRS

A 2D MUHRS processing routine was appfiedthe centrelinesto serve as Reference Lines for the
initial definition of key seismic horizons interpreted and provide information for a better geological
understanding of the WTG boxeBhe flow was divided into two main processing tracks-$teek
TRIM track andASTtrack, as demonstrated ofigure28.
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Figure28 ¢ 2DProcessing workflow applied to tleentre linesseismic data

The main purpose of the TRIM track was to estimate a proper residual static corrfestitie swell,
source and receiver groups motioAnother objective of the TRIM track stag@s to output a depth
converted dataset with the purpose of determining a set of vertical corrections (tidal corrections, mean
streamer towing depth correction and seismic misties) for the seismic profiles in order to have the final
dataset reduced to a comom vertical datum I(AT). The procedure includes a series of diagnostic
materials for concomitant quality control of the seismic processing steps, relevant to vertical datum
reduction(Figure29).
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Figure29¢ Trim Stack for line 24G02_RR_XL_244. Vertical scale in TWT.

The aim of the ASTtrack processing flow was to cregpeeliminaryprocessed seismic sectigrwith
improved imaging when compared to the TRIM stack datéBegure 30). FASTtrack procedures
included denoise NMO corrections, CDP ensemble stackipgst stack demultiple post stack
migration (Kirchhoff time migrationpost-stackdeghosting Time Variant BandPaBdter (TVBPF) and
Amplitude CorrectionAn Interactive Velocity Analysis was done on altipdine basis to generate the
velocity modelsed for NMO correction and migration. For depth conversion, the RMS velocities were
extracted from the velocity model used as part of the 3D workflow, ensuring a robust correlation

between datasets.

















































































