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SUMMARY 

Green Rebel contracted GeoSurveys (GS) to provide offline quality-control (QC), processing and 

interpretation of 3D UHRS sparker multi-channel data, acquired by Geomarine Survey Systems, 

within the scope of the Arklow Bank Wind Park (ABWP) survey area, carried out off the coast of 

Arklow, Ireland. 

This document reports the data processing of seventy-one 3D UHRS Volumes (corresponding to 822 

swaths, including re-runs and infills from both vessels) in the survey area, resulting in approximately 

600 km of multi-channel seismic reflection data acquired with a sparker system.  

The data processing was carried out at GS office, using Radex Pro software (Deco Geophysical) and 

Kingdom Suite software (IHS) for quality control of the seismic data. 

The procedures described in the present document are confidential and intellectual property of 

GeoSurveys. 
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1. INTRODUCTION 

The 3D multichannel Ultra High Resolution Seismic (UHRS) data processing reported herein was 

performed within the scope of the Arklow Bank Wind Park (ABWP) survey area. The survey was carried 

out by Green Rebel, on board of the Roman Rebel vessel (from 4th June to 2nd August 2024) and MV 

Lady Kathleen vessel (from 13th of July to 3rd of August, 2024). 

The purpose of the UHRS data processing presented here is to provide UHRS data for the interpretation 

of the geological layers and other structural elements to a depth of 100 m below seabed, as well as for 

the identification of bedrock depth plus geo-hazards in order to provide information for the 

optimization and de-hazard the installation of Offshore Wind Farm infrastructures. 

Geo Marine Survey Systems (GMSS) performed the seismic data acquisition using an ultra-high 

resolution seismic system for each vessel. A detailed description of the UHRS system used can be found 

in sections 3 and 4. 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 data processing in the office was carried out using Radex Pro software (Deco Geophysical) and 

Kingdom Suite software (IHS) for quality control of the final 3D volumes. 

All processed data are in 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 by Green Rebel. The survey area is located around 10 km from Arklow, 

Ireland. The Arklow Bank Wind Park (ABWP) development site has an approximate water depth range 

of less than 5 meters to 50 meters (Figure 1).  

 

Figure 1 ς Survey site of the Arklow Bank Wind Park. 

During the survey, a total of 908 seismic swaths were acquired (including re-Ǌǳƴǎ ŀƴŘ ƛƴŦƛƭƭΩǎ from both 

Roman Rebel and Lady Kathleen vessels). Based on the offshore QC/QA analysis performed on the 

data, a total of 822 swaths were accepted for further processing (717 swaths from Roman Rebel vessel 
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and 105 swaths from Lady Kathleen vessel). The 3D-UHRS survey site was initially divided in two scopes 

- one per vessel (Figure 2). 

 
The initial scope went through some changes, as Lady Kathleen did survey areas initially planned for 

wƻƳŀƴ wŜōŜƭΣ ŀƴŘ ǘƘŜ ǎŀƳŜ ƎƻŜǎ ŦƻǊ ŀ ǇŀǊǘ ƻŦ [ŀŘȅ YŀǘƘƭŜŜƴ ǎŎƻǇŜ ōŜƛƴƎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ wƻƳŀƴ wŜōŜƭΩǎ 

scope. Main reason for these changes lies on the water depth: the shallower areas had initially been 

designated for the Lady Kathleen, as the Roman Rebel was not expected to operate in such conditions. 

However, the entire survey area proved to be deeper than anticipated, making it feasible for the 

Roman Rebel to operate in more areas. Given that the Roman Rebel was equipped with a wider and 

longer 3D spread, it became the preferred vessel for data acquisition in these areas. 

 

Figure 2 ς 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 the ABWP survey is to demonstrate the characteristics of the 3D UHRS data and provide 

a dataset where it is possible to: 

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

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

¶ Identification of subsurface structures that may represent changes in material properties 
relevant to the design, emplacement and operation of Offshore Wind Farm infrastructure. 

GeoSurveys quality control and processing solutions were tailored to meet the necessary 

requirements. 

 

2.2. Infrastructure and personnel  

For each vessel, the offshore QC was done using one processing workstation with RadexPro from Deco 

Geophysical and one workstation with Seismic Processing Workshop (SPW). 

At the office, the seismic data management, processing and reporting were executed using several 

workstations. The processing was done using the seismic processing software RadexPro (Deco 

Geophysical) and the QC of the processed SEG-Ys was performed using the software Kingdom Suite 

(IHS).  

The following team acquired and processed the seismic data on board/remotely of the vessel Roman 

Rebel: 

1. B. Simão  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 board/remotely of the vessel M/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  Seismic Processor  GEOSURVEYS 

5. I. Prazeres  Seismic Processor  GEOSURVEYS 

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

The UHRS data acquisition was carried out on board of the Roman Rebel from 4th June to 2nd August 

2024. The multi-channel seismic spread consisted of: 

(a) 3 Geo-Source 200 tips LW sparkers towed at 60 cm deep firing at 400 Joules per source with 

250 ms trigger interval; 

(b) 3 Geo-Spark 2000XF0 power supplies; 

(c) 5 Geo-Sense Ultra-Light Weight 48 channels streamer towed in a slant configuration with 

fixed 1 m group interval spacing; 

(d) 10 multi-trace recording devices of 24 channels each - Geomarine Survey Systems, 

connected to the streamers and to the reference hydrophones; 

(e) 13 dual-DGNSS 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 with the front at approximately 0.3 m below 

the surface and the tail at approximately 1.5 to 1.8 m. The streamers slant configuration allows for a 

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

offset will result in an incoherent stack of the receiver surface ghost. Tests were carried during the sea 

trials to assess the quality of each streamer balancing. 

The following picture describes the adopted 3D acquisition geometry (Figure 3): 
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(a) 

 

(b) 

Figure 3 ς Roman Rebel vessel layout and offset diagram of the seismic spread: (a) cross section and (b) plan view (not to scale). 
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3.1. Acquisition Parameters  

Each one of the streamers deployed in this vessel has a total of 48 channels with fixed group interval 

of 1 m, with a total streamer active length of 47 m. The shooting interval was performed in time ς 

every 250 ms. The general acquisition parameters are summarized in Table 1. 

Table 1 - Acquisition parameters used in RR vessel. 

Sources 3 x Geo-Source 200 tips LW 

Sources Towing Depth  @ 0.6m  

SP Interval 4 Hz in Flip-flop-flap - 250 ms 

Operating Power @ 400 J  

Power Supply 3 x Geo-Spark 2000 XFO 

Sample Rate 0.1 ms (10 kHz) 

Multichannel Streamer 5 x Geo-Sense Ultra-Light Weight 48 channels 

Streamer Depth Ғ лΦо ς 1.8 m 

Group Interval 1 m 

Active Length 47 m 

Recorder 10 x Multitrace24 ς Geomarine Survey systems  

Record Length 225 ms 

Format SEG-Y 

Acquisition Speed ~1 - 4 kts SOG 

 

3.2. Line Identification  

The seismic swaths acquired were named with the following convention: 24G02_RR_XXX. 

άнпDлнέ refers to the ǇǊƻƧŜŎǘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǇǊŜŦƛȄΣ άwwέ ƛǎ ŦƻǊ ǾŜǎǎŜƭ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ όwƻƳŀƴ wŜōŜƭύ ŀƴŘ 

ά···έ ƛǎ ǘƘŜ ƭƛƴŜ ƴǳƳōŜǊΣ ƛƴŎǊŜŀǎƛƴƎ ŦǊƻƳ ллмΦ 

Infills are designated ōȅ ǘƘŜ ǎǳŦŦƛȄ άψLȄέΣ ǿƘŜǊŜ x is the number of the infill attempt. Each attempt will 

have this number incremented, e.g.: 24G02_RR_063_I1 (first infill attempt for line 24G02_RR_063). 

Reruns are identified ōȅ ǘƘŜ ǎǳŦŦƛȄ άψwȄέΣ ǿƘŜǊŜ x is the number of the rerun attempt. Each attempt 
will have this number incremented, e.g.: 24G02_RR_059_R1 (first rerun attempt for line 
24G02_RR_059). 

For the infill and rerun attempts, some of the lines had the WTG name added to the line name, e.g.: 

24G02_RR_WT01_001_I1. This resulted in a line name that was too long for the P190 files, as they are 

limited to 15 characters. For those cases, ǘƘŜ ǇǊŜŦƛȄ άнпDлнέ ǿŀǎ ǊŜƳƻǾŜŘΦ 

 

3.3. Navigation and Positioning  

The navigation and positioning were carried out with a dual-DGNSS antennas MK3 as a primary 

positioning system in 13 specific points of the spread: the sources, the streamers leading buoys, and 

the streamers tail buoys. Position of each channel ς for each shot ς was calculated based on this active 

positioning system in 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 into line with 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 m required by the project to image point diffractors. To 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 in-house 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 system is WGS 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 board of the M/V Lady Kathleen from 13th July to 3rd 

August 2024. The multi-channel seismic spread consisted of:  

(a) 2 Geo-Source 200 tips LW sparkers towed at 60 cm deep firing at 550 Joules per source with 

500 ms trigger interval; 

(b) 2 Geo-Spark 1000X power supplies; 

(c) 5 Geo-Sense Ultra-Light Weight 24 channels streamer towed in a slant configuration with 

fixed 0.5 m group interval spacing; 

(d) 5 multi-trace recording devices of 24 channels each - Geomarine Survey Systems, 

connected to the streamers and to the reference hydrophones; 

(e) one dual-DGNSS antenna MK4 located on each sparker source. 

The streamers were balanced for a slanted configuration with the front at approximately 1.5 m below 

surface and the tail at approximately 2 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 the sea trials to assess 

the quality of each streamer balancing. 

The following picture describes the adopted 3D acquisition geometry (Figure 4): 
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(a) 

 

(b) 

Figure 4 ς Lady Kathleen vessel layout and offset diagram of the seismic spread: (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 total of 24 channels with fixed group interval 0.5m, making 

for a total streamer active length of 11.5 m. The shooting interval was performed in time ς every 

250ms. The general acquisition parameters are summarized in Table 2. 

Table 2 - Acquisition parameters used in LK vessel. 

Sources 2 x Geo-Source 200 tips LW 

Sources Towing Depth  @ 0.6m  

SP Interval 4 Hz in Flip-flop - 250 ms 

Operating Power @ 550 J  

Power Supply 2 x Geo-Spark 1000 X 

Sample Rate 0.1 ms (10 kHz) 

Multichannel Streamer 5 x Geo-Sense Ultra-Light Weight 24 channels 

Streamer Depth Ғ 1.5 ς 2 m 

Group Interval 0.5 m 

Active Length 11.5 m 

Recorder 5 x Multitrace24 ς Geomarine Survey systems  

Record Length 240 ms 

Format SEG-Y 

Acquisition Speed 2.5 - 4.5 kts SOG 

 

4.2. Line Identification  

Line naming convention was the same as the one described in chapter 3.2Σ ǿƛǘƘ ά[Yέ ōŜƛƴƎ ǳǎŜŘ ƛƴǎǘŜŀŘ 
άwwέ ŦƻǊ ǘƘŜ vessel identification (Lady Kathleen). 

 

4.3. Navigation and Positioning  

The seismic spread was positioned in real time using one dual-DGNSS 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 (offset) ς for each shot ς was calculated based on this active positioning 

system and taking in account the direct arrival times and the daily measures of sound velocity in the 

water. 

All UHRS data is referenced according to the projected coordinate system is WGS 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 vessel. The processing flow was specifically tailored for this 

ǇǊƻƧŜŎǘΩǎ Řŀǘŀ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ǘƘŜ ǎŜƛǎƳƛŎ ǎŜŎǘƛƻƴ ŀƴŘ ƻǾŜǊŀƭƭ ǎƛƎƴŀƭ ǉǳŀƭƛǘȅΦ 

 

5.1. Processing Sequence  

The office processing flow was divided in two main processing flows: a processing flow in the swath 

domain and a processing flow in the volume domain (Figure 5). 

The main purpose of the swath domain processing flow was to pick the direct arrival and seabed, that 

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 for 3D UHRS interpretation. The flow procedures consist of data re-positioning due to 

curved cables related with strong currents, geometry assignment, static corrections, noise filtering, 

pre-stack signature deconvolution, pre-stack multiple attenuation, pre-stack deghosting, NMO 

correction, 3D regularization, KK filtering, pre-stack migration using Pre-Stack Kirchhoff Time Migration 

to recover true geometry of primary reflections, CDP ensemble stacking using velocities gathered from 

the Interactive Velocity Analysis assessment, post-stack deghosting, Time Variant Bandpass Filtering 

(TVBPF) and amplitude compensation. Boulder signature preserving stack (BSPS) datasets were also 

generated and delivered. 
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Figure 5 ς Processing workflow applied to the seismic data acquired in RR vessel. In white - processing 

steps; in blue - intermediate processing steps; in green - text files; in yellow - deliverables.  
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5.2. Swath domain processing flow  

The raw SEG-Y data acquired, had the following information on the headers: 

¶ FFID number (Byte location 9); 

¶ Channel number (Byte location 13); 

¶ Source positions (SOU_X - Byte location 73, SOU_Y - Byte location 77); 

¶ Receiver positions (REC_X - Byte location 81, REC_Y - Byte location 85). 

Initially, the sources and 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 positioning was also recorded in log 

files (ASCII files). Due highly curved streamers related with strong currents encountered during the 

survey, a data repositioning flow was added to the Roman Rebel processing sequence (see section 

5.3.1). 

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 flow for equipment 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 interpretation. The main processing steps were:  

¶ Data acoustic re-positioning and geometry assignment; 

¶ UHRS Trim Static corrections; 

¶ Noise Filtering; 

¶ Pre-Stack source signature deconvolution; 

¶ Pre-Stack multiple attenuation; 

¶ Interactive Velocity Analysis;  

¶ NMO correction and vertical reference correction;  

¶ Pre-Stack deghosting;  

¶ 3D Regularization; 

¶ 3D Pre-stack migration using Pre-Stack Kirchhoff Time Migration; 

¶ CDP ensemble stacking; 

¶ Post-Stack multiple deghosting; 

¶ Time Variant Bandpass Filtering (TVBPF) and Amplitude Compensation; 

¶ Depth conversion; 

¶ Boulder signature preserving stack in TWT. 



Arklow Bank Wind Park (ABWP) 3D UHRS Geophysical 
Survey 

Page 16  

 

 

5.3.1. UHRS data re -positioning  

The seismic spread positioning was performed using a network of 3 dual-DGPS antennas located on 

the three sources. The position of each channel ς for each shot ς is calculated based on this active 

positioning system and stored in the raw SEG-Y file for each swath. Although the positioning tests 

performed onboard during Roman Rebel mobilization were accepted, equipment towing instability 

was identified through all streamers, mainly due to strong currents (streamers with highly curved 

configurations during the acquisition, vide 3.3 Navigation and Positioning).  

Although not initially planned, and in order to address the issue, an in-house developed methodology 

was applied, using the acoustic range positioning to replace the X and Y positions for each channel of 

each streamer (Figure 6). The channel X and Y positions are estimated based on the GPS positions of 

the sources and the source-receivers offset (derived from the pick of the direct arrival converted to 

distance using the sound velocity in the water). The in-house developed algorithm enables high-

precision positioning predictions for curved cable shapes. 

 
Figure 6 ς Example of five streamers position. Original Positioning in red, the GPS antennas assuming 
a straight streamer configuration. In blue, the streamer positions (curved) after applying the Acoustic 
Positioning methodology. In green, the streamer front and tail buoy plotted. 

 

A thorough and significantly time-consuming quality control was performed to each one of the RR 

swaths to 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 statistical parameters such as the mean, 

median and standard deviation. The Acoustic Repositioning results are shown in Figure 7 and Figure 8. 
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           (a1) (a2) 

 
           (b1) (b2) 

Figure 7 ς WT111 migrated dataset showing in a) before and b) after applying the Acoustic 

Repositioning. Inline 46 in a1) and b1), vertical scale in seconds. Time slice display at 57 ms in a2) and 

b2).  

 



Arklow Bank Wind Park (ABWP) 3D UHRS Geophysical 
Survey 

Page 18  

 

 

 
           (a1) (a2) 

 
           (b1) (b2) 

Figure 8 ς WT111 migrated dataset showing in a) before and b) after applying the Acoustic 

Repositioning. Inline 135 in a1) and b1), vertical scale in seconds. Time slice display at 50 ms in a2) and 

b2). 

 

5.3.2. Geometry assignment  

The geometry was assigned at the GeoSurveys office using a 3D CDP binning procedure (RadExPro 

processing steps) with a bin size of 0.5 m for each 3D volume.  
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5.3.3. UHRS Trim  statics  corrections  

The source and cable statics (trim statics), includes a trace-by-trace 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 reference for the static computations. This 

procedure was developed in-house 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 the streamer slant. 

Results from before and after the UHRS trim static corrections are depicted in Figure 9 and Figure 10. 

As it can be observed from Figure 10 b) the achieved detail is greater as the finer collapse of the overall 

seismic data is recognizable after the UHSR trim static corrections.  

 

 

(a) 
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(b) 

Figure 9 ς Example of two shot gathers from WT51 volume; (a) before and (b) after UHRS TRIM static 
corrections. Vertical scale in TWT (ms). 
 

 

(a) 
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(b) 

Figure 10 ς Stacked Inline 103 and 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 F-K filtering was used for noise attenuation of streamer tugging, vessel noise and other 

recorded types of noise. The F-K filter designed operators and parameters were considered to remove 

not only tugging but also vessel noise, allowing a better signal-to-noise ratio (S/N) as an end result 

(Figure 11 and Figure 12). 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. 

 

(a) 
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(b) 

Figure 11 ς Two shot gathers of volume WT44 showing: (a) examples of directional noise for vessel 
(yellow ς higher frequency), front streamer tugging (blue ς lower frequency) and tail streamer tugging 
(red) before noise filtering, (b) after noise filtering. Vertical scale in TWT (ms). 
 

 

(a) (b) (c) 

Figure 12 ς Shot gather of volume WT15 showing: (a) before, (b) after noise filtering, 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 pre-stack source signature deconvolution was used to collapse the outgoing primary source pulse. 
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¢ƘŜ ǎƛƎƴŀǘǳǊŜ ŘŜŎƻƴǾƻƭǳǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ǘƘŜ ά/ǳǎǘƻƳ LƳǇǳƭǎŜ ¢ǊŀŎŜ ¢ǊŀƴǎŦƻǊƳǎέ ƳƻŘǳƭŜ 

using the source signature extracted from the seabed. The deconvolution operation procedure was 

assessed for its effectiveness, as seabed signature arrivals become collapsed and a flatter frequency 

spectrum was achieved. The data is transformed in zero phase with normal polarity. In general, results 

show a compression of the basic wavelet and an overall increase of vertical resolution of the seismic 

profile, Figure 13. 

 

 

(a) 

 

(b) 

Figure 13 ς 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 pre-stack multiple attenuation procedure 

ǘƻ ƳƻŘŜƭ ǘƘŜ ǎŜƛǎƳƛŎ Řŀǘŀ ƳǳƭǘƛǇƭŜ ŜƴŜǊƎȅΦ ¢ƘŜƴ ŀ ά²ŀǾŜ CƛŜƭŘ {ǳōǘǊŀŎǘƛƻƴέ ǇǊƻŎŜŘǳǊŜ ǿŀǎ 
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implemented to remove the multiple energy in order to improve geology imaging at multiple depths 

(Figure 14 and Figure 15).  

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 used for the processing tests. 

 

 

(a) 

 

(b) 

Figure 14 ς Channel gathers of WT20 volume: a) before pre-stack multiple attenuation and b) after pre-
stack multiple attenuation (vertical scale in TWT ms). 
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(a) (b) (c) 

Figure 15 ς Shot gather of volume WT51 showing: (a) before, (b) after pre-stack multiple attenuation, 
and c) the difference between the dataset before and after pre-stack multiple attenuation. Vertical 
scale in TWT (ms). 

 

 

5.3.7. Seismic  Velocity Analysis  

Super-gathers were generated every 50 inlines and every 50 crosslines, comprising 3 inlines and 3 

crosslines. For those 3D volumes that have CPT & BH associated, the location was include in Super-

gathers creation too. 

RMS velocity curves (Figure 16) were produced through the interactive velocity analysis (IVA) for each 

volume and were used for NMO, pre-stack migration and depth conversion procedures. 
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a) b) 

Figure 16 - Interactive Velocity Analysis for WT28 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). 

 

 

5.3.8. Amplitude Recovery  

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 velocities from IVA were used to apply the NMO corrections to the CDP gathers (Figure 17).  
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(a) 

 

(b) 

Figure 17 ς Example of CDP gathers from WT17: a) before and b) after NMO corrections (vertical scale 

in TWT ms). 
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5.3.10. Vertical Reference  

All 3D volumes were corrected to LAT (lowest astronomical tide). Processed tides and MBES grids 

generated by Green Rebel were used to correct the seismic data on a trace-by-trace basis. 

 

 

5.3.11. Pre-stack deghosting  

A pre-stack deghosting procedure was applied to 3D seismic volumes, in order to attenuate the 

receiver ghost present in the data. For that purpose, a deghosting 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 pre-stack domain (Figure 18). 

 

(a) 

 

(b) 

Figure 18 ς Shot gathers from OSP_North volume showing (a) before and (b) after pre-stack 

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 uses F-Kx-Ky 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 regular grid that will match the irregularly spaced input data 

through backward Fourier transform. The coefficients are then transferred back into X-Y-T domain 

through regular Fourier Transform. 

Due to site conditions that affected the streamers shape (curved when acquiring with the current), 

extensive 3D regularization tests, longer than initially planned, were required to 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 regularization (Figure 19 and Figure 20). 

 

(a) 

 

(b) 

Figure 19 ς Time slice display at 61 ms of WT32 block. a) before and b) after regularization horizontal 

and vertical scale in meters. 
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(a) 

 

(b) 

Figure 20 ς Inline 112 to 118 of WT32 volume a) before and b) after regularization. Vertical scale in 

TWT (ms). 

 

 

5.3.13. KK Filtering  

In the time slice domain K-K filter was used in order to enhance the signal coherence within the seismic 

volumes and attenuate the vessel footprint that appear in several RR volumes (Figure 21). Without this 

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

could be miss-interpreted as linear features and also misleading the seismic t5Ωǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ. Due 
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to strong currents faced on site, the footprint noise varied depending on swath acquisition direction. 

Therefore, this filter was carefully assessed on a WTG basis to evaluate its effectiveness and adapted 

accordingly. 
 

 

(a) 

 
(b) 

 

Figure 21 ς Time slice display at 43 ms of a WT20 volume section a) before and b) after applying the KK 

filter in time slice domain. 

 

5.3.14. 3D Pre-Stack Kirchhoff Migration  

The pre-stack Kirchhoff time migration procedure is a time domain processing module used to 

construct the geometry of primary reflections prior to stacking, using 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 results. In Figure 22 shows 

the before and after Pre-stack time domain Kirchhoff migration in CDP domain. Post-stack results are 

shown in Figure 23. 
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(a) 

 

(b) 

Figure 22 ς CDP gathers of WT51 volume (a) before migration and (b) after pre-stack Kirchhoff time 

Migration. Vertical scale in TWT (ms). 
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(a) 

 

(b) 

Figure 23 ς Inline 98 to 103 of WT05 volume exhibits post-stack comparison of (a) stacked non-migrated 

dataset and (b) stacked dataset with pre-stack Kirchhoff time migration applied. Vertical 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. A post-stack 

signature was extracted from the seabed primary reflection for each block. After the post-stack 

deconvolution, a sharper and high-resolution imaging (due the broader frequency band) is 

accomplished (Figure 24).  

 

 

(a) 

 

(b) 

Figure 24 ς Inlines from WT28 volume (a) before and (b) after post-stack 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 

ŜƛǘƘŜǊ ǘƻ ǊŜǎƛŘǳŀƭ ǇǊƻŎŜǎǎƛƴƎ ŀǊǘŜŦŀŎǘǎ ƻǊ ǘƻ ǘƘŜ ƴŀǘǳǊŀƭ ŜŀǊǘƘΩǎ ŦƛƭǘŜǊƛƴƎ όFigure 25). Overall, the TVBPF 

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 Compensation are shown in Figure 25c. 

 

 

(a) 
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(b) 

 

(c) 

Figure 25 ς Stacked crossline of WT54 volume (a) before, (b) after Time Variant Bandpass Filter applied 

and (c) after Time Variant Bandpass Filter and amplitude compensation procedure. 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 sample interval 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 Figure 26b is depicted an example of a depth seismic section. 

 

(a) 
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(b) 
 

Figure 26 ς Inline 97 of volume WT27 (a) interval velocity model on top of time migrated seismic profile 

(vertical scale in TWT, s) 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_MIG), all diffraction hyperboloids associated with possible potential boulders collapse into point 

amplitude anomalies, helping the identification of PDs. 

For each 3D volume, two datasets were created to help detecting Point Diffractions locations:  

¶ Non-Migrated boulder signature preserving stack in time domain (Figure 27, b); 

¶ Migrated boulder signature preserving stack in time (Figure 27, c). 
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a) 

 

b) 

 

c) 

Figure 27 ς Inlines 71, 81, 91, 101 of Vestas_OSP volume: a) final migrated stack; b) Non-migrated 
BSPS; and c) Migrated BSPS (vertical scale in TWT ms).  
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5.4. 2D MUHRS 

A 2D MUHRS processing routine was applied  for the centrelines, to serve as Reference Lines for the 

initial definition of key seismic horizons interpreted and provide information for a better geological 

understanding of the WTG boxes. The flow was divided into two main processing tracks: Pre-Stack 

TRIM track and FAST track, as demonstrated on Figure 28.  

 

Figure 28 ς 2D Processing workflow applied to the centre lines seismic data. 

The main purpose of the TRIM track was to estimate a proper residual static correction for the swell, 

source and receiver groups motion. Another objective of the TRIM track stage was 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 common vertical datum (LAT). The procedure includes a series of diagnostic 

materials for concomitant quality control of the seismic processing steps, relevant to vertical datum 

reduction (Figure 29). 
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Figure 29 ς Trim Stack for line 24G02_RR_XL_244. Vertical scale in TWT. 

The aim of the FAST track processing flow was to create preliminary processed seismic sections, with 

improved imaging when compared to the TRIM stack dataset (Figure 30). FAST track procedures 

included denoise, NMO corrections, CDP ensemble stacking, post stack demultiple, post stack 

migration (Kirchhoff time migration), post-stack deghosting, Time Variant BandPass Filter (TVBPF) and 

Amplitude Correction. An Interactive Velocity Analysis was done on a line-by-line basis to generate the 

velocity model used 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. 

 






















































