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1 EXECUTIVE SUMMARY 


The Hollandse Kust (noord) WFZ is located in the Dutch Sector of the North Sea, approximately 20 km 


from the coastline. As part of the tender preparations, the Netherlands Enterprise Agency (Rijksdienst 


voor Ondernemend Nederland, RVO.nl) requested a geophysical site investigation of the Hollandse Kust 


(noord) WFZ. 


DNV GL was assigned to validate the suitability of the conducted investigations for the implementation of 


a geological ground model and their use within a Design Basis for Offshore Wind Turbine Structures in 


accordance with DNVGL-ST-0437 and DNVGL-ST-0126. 


 


2 CERTIFICATION SCHEME 


Document No. Title 


DNVGL-SE-0190:2015-12 Project certification of wind power plants 


Please note that this report is covering the geophysical investigations in accordance with section 2.3.2 


“Site assessment” of the given Service Specification. 


 


3 LIST OF REPORTS 


The appendices to this report comprise the detailed DNV GL certification reports which normally include 


reference standards/documents, list of design documentation as well as summary and conclusion of the 


DNV GL evaluation.  


APPENDIX Revision Subject 


A 0 Geophysical Investigations 


 


4 CONDITIONS 


No special conditions were identified for the verification work carried out. 


 


5 OUTSTANDING ISSUES 


No outstanding issues have been identified. 


 


6 CONCLUSION 


The geophysical investigation reports fulfil the requirements as given in the evaluation criteria listed in 


section 2 of this report. 
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APPENDIX A 


Geophysical Investigations 


Evaluation of Geophysical Investigations for Hollandse Kust 


(noord) Wind Farm Zone 


 


Description of verified component, system or item  
 
In  the Investigation Area of the Hollandse Kust (noord) Wind Farm Zone geophysical investigations have 


been performed. The geophysical investigations were divided into two separate investigations performed 


from 30th July to 1st September 2017 and from 12th September to 3rd November 2017 and consisted of 


Sidescan Sonar (SSS), Magnetometer (MAG), Multi Beam Echo Sounder (MBES), Single Beam Echo 


Sounder (SBES), Sub-Bottom Profiler (SBP), Single Channel Sparker (SC-UHRS) and ultra-high 


resolution multichannel sparker with hybrid streamer (MC-2DUHRS). The results and the found site 


conditions are documented by the customer and build the basis for the verification of the current report. 


 


Interface to other systems/components:  
 
The geophysical investigation reports shall be considered for the Geotechnical Investigations and the 


Geological Ground Model. 


 


Basis for the evaluation 


Applied codes and standards: 


Document No. Revision Title 


DNVGL-ST-0437 November 2016  Loads and site conditions for wind turbines 


DNVGL-ST-0126 April 2016 Support structures for wind turbines 


 


Documentation from customer 


List of reports: 


Document No. Revision Title 


GH216-R3 3 


18.05.2018 


Geophysical Site Investigation Survey / Hollandse Kust (noord) 


Wind Farm Zone Survey 2017 


GH216_FG_RVO-


HKN_Operations_


Report_Rev2 


2 


13.11.2017 


Hollandse Kust (noord) Windfarm Zone Survey 2017 / Field 


Report / Volume 1 of 1 


GH216_FM_RVO-


HKN_Operations_


Report_Rev2 


2 


06.06.2018 


Hollandse Kust (noord) HKN Wind Farm Zone - Operations 


Report - MV Fugro Meridian / Volume 2 of 2 


 


Evaluation work  


Based on the regional geology the local geology in the windfarm area has been investigated based on 


the MC-2DUHRS, SC-UHRS and SBP results and existing borehole information by Fugro. 
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This led to an interpretation of mainly five geological units in the area, namely, A: Holocene - Southern 


Bight Formation (Bligh Bank Member), B: Upper Pleistocene - Naaldwijk Formation (Wormer Member and 


Velsen Bed), C: Upper Pleistocene - of Kreftenheye and Boxtel Formations, D: Lower to Middle 


Pleistocene - Yarmouth Roads Formation and E: Lower to Middle Pleistocene - Winterton Shoal 


Formation. 


An in-depth interpretation is included in the definition of layer boundaries between these geological 


units. Based on the given information in the report DNV GL assessed the interpretation for plausibility 


and agrees to the given conclusions presented in the report. 


It is further noted that Palaeochannels are present in the Wind Farm Zone. Due to the deviating infill soil 


material it is possible that soil parameters may change within short distances adjacent to these sub-


ground phenomena. 


Additionally, boulders have been detected in the Wind Farm Zone and have been documented in the 


appendices of the main report, but with the note that further boulders are likely to be present. 


It shall be noted that due to the distance of track lines during the investigations the level of detail in a 3-


dimensional ground model is limited, but can be expanded by findings of the geotechnical investigations. 


Further limitations and recommendations are mentioned in the corresponding sections of the assessed 


report and shall be considered in the further design process. 


 


The quality of the data acquisition has been documented within the report and survey protocols have 


been submitted with the Operations Reports given above. 


DNV GL could not detect any deviations from quality which would have led to a critical error in the 


performed interpretations. 


DNV GL has evaluated that the above referenced documents from the customer provide sufficient 


information to get a good general understanding of the geophysical conditions in the given wind farm 


area. The above referenced reports provide sufficient geophysical details to serve as a geological model 


for the (preliminary) design of future offshore wind farms. Such a model can be relied upon to establish 


general geological conditions, support discussions on site variability and establish the scope of a future 


geotechnical investigation campaign, e.g. with respect to park layout studies. 


The given results have been documented in the report and it is evaluated by DNV GL that the 


conclusions have been determined and presented in detail with good traceability. 


The assessed report does fulfil the requirements in accordance with the standards specified as the basis 


for the evaluation. 


 


Conditions to be considered in other certification phases  


No special conditions were identified for the verification work carried out. 


 


Outstanding issues 


No outstanding issues have been identified. 
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Conclusion 


The geophysical investigation reports may be used to support the Design Basis documentation for the 


(preliminary) design of future offshore wind farms in the project area. The data in these reports are 


suitable to serve as a geological ground model and can be used for establishing a Design Basis for 


Offshore Wind Turbine Structures in accordance with DNVGL-ST-0437 and DNVGL-ST-0126. 







 


 


 


 


About DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations 


to advance the safety and sustainability of their business. We provide classification and technical 


assurance along with software and independent expert advisory services to the maritime, oil and gas, 


and energy industries. We also provide certification services to customers across a wide range of 


industries. Operating in more than 100 countries, our 16,000 professionals are dedicated to helping our 


customers make the world safer, smarter and greener. 





				2018-09-19T13:09:09+0200

		michael.wagner@dnvgl.com





				2018-09-19T13:12:11+0200

		Gehrmann-Vorbau, Jana





				2018-09-19T14:59:49+0200

		Asp, Erik












Geophysical Survey 


Hollandse Kust (noord) Wind Farm Zone












 


 


 


 1 van 1 


 


 
 


 


 


 


RVO.nl distribution 
 
 


 


 


 


 


Document title: Geophysical Survey 


                        Hollandse Kust (noord) Wind Farm Zone 


 


Document subtitle: -- 


         


 


 


 


Author (s): Fugro Survey B.V. 


Contract manager RVO.nl: Frank van Erp 


Project ID RVO.nl: WOZ2170055 


Number of pages: 150 (Results Report) 


 


 


  


 Version  


 


Approved for public disclosure 


by  contract manager RVO.nl 


 


  Approved for public disclosure by 


  project manager offshore wind  


  RVO.nl      


 


 


 Final 


Name:  Frank van Erp 


 


 


Signature 


 


 


Date 


 Name:  Matté Brijder 


 


 


 Signature 


 


 


 Date 


 


 


 





				2018-09-20T17:25:46+0200

		Frank van Erp





				2018-09-24T10:53:28+0200

		Matté Brijder












 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


FUGRO 


 


Geophysical Site Investigation Survey 
Dutch Continental Shelf, North Sea 


 


Hollandse Kust (noord) Wind Farm Zone Survey 2017 


 


 


30 July to 01 September 2017 and 12 September to 03 November 2017 


Fugro Report No.: GH216-R3 


 


Rijksdienst voor Ondernemend Nederland 


 


 


Revision 3 







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


This page is intentionally left blank.







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3  Page i of xxi 


 
Prepared for: Netherlands Enterprise Agency (RVO) 


P.O. Box 93144 
2509 AC Den Haag 
The Netherlands 


  
Prepared by: FUGRO  


Prismastraat 4, 2631 RT Nootdorp  
P.O. Box 130  
2630 AC Nootdorp  
The Netherlands 
Phone +31 70 3111444 
Website: www.fugro.com 
Trade Register nr 34070322 | VAT nr NL005621409B11 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


      


      


3 Issue as Final 
M. Wagner 


M. Marchetti 


V. Minorenti 


D. Taliana 


R. Jansch 


L.J. Bos 
18 May 2018 


2 Issue for Approval 
M. Wagner 


M. Marchetti 


B. Klosowska 


D. Taliana 


R. Jansch 


L.J. Bos 
16 March 2018 


1 Issue for Approval 
M. Wagner 


M. Marchetti 


V. Minorenti 


D. Taliana 


R. Jansch 


L.J. Bos 
28 December 2017 


Rev Description Prepared Checked Approved Date 


  



http://www.fugro.com/





RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3  Page ii of xxi 


REPORT AMENDMENT SHEET 


 


Issue 


No. 


Report 


section 


Page 


No. 


Table 


No. 


Figure 


No. 


Description 


      


      


      


      


      


      


      


      


 


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3  Page iii of xxi 


 


KEYPLAN 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page iv of xxi 


SAMENVATTING 


Hollandse Kust (noord) Windpark 


Introductie 


Onderzoek data: 30 juli tot 01 september en 12 september tot 3 november 2017 


Apparatuur 


(Geofysisch): 


Single beam echo sounder (SBES), multibeam echo sounder (MBES), sidescan sonar (SSS), 


magnetometer (MAG), sub-bottom profiler (SBP), multichannel ultra-high resolution sparker 


(MC-2DUHRS) en single channel ultra-high resolution sparker (SC-UHRS) 


Coördinaten Systeem: Datum: European Terrestrial Reference System 1989 (ETRS89) 


Projectie: UTM Zone 31N, CM 3°E 


Bathymetrie 


De waterdiepte in het onderzoeksgebied varieert tussen de 14.85 m in het meest zuidoostelijke deel van de HKN WFZ en 


28.11 m LAT in het centrale deel van de HKN WFZ. 


Zeebodem Kenmerken 


De zeebodem wordt gekarakteriseerd door grote NNO-ZZW georiënteerde zandruggen gevormd door getijdenwerking en 


ook zandgolven met een overwegend WNW-OZO oriëntatie. Deze hebben een golflengte tussen 123 m en 830 m en 


hoogtes variërend van 0.5 m tot 5.9 m. Bovenop deze zandgolven bevinden zich megaribbels hebben een golflengte van 


< 9 m en een hoogte variërend van 0.1 m tot 0.4 m.  


Geologie 


De interpretatie van de geologie is gebaseerd op SBP, SC-UHRS, MC-2DUHRS, openbaar beschikbare en boorgaten tot 


100 m diep, waarbij vijf (5) lithologische eenheden zijn geïdentificeerd:   


Holoceen – Unit A 


Southern Bight (Bligh 


Bank Member)  


Basis: 1-15 m bsb 


Deze eenheid wordt over bijna het gehele onderzoeksgebied waargenomen. De verwachte 


compositie is fijn tot grof zand met klei en silt lagen, en lokaal GRIND en schaars aanwezige  


keien op de zeebodem. De basis van deze eenheid is grotendeels sub-horizontaal. 


Holoceen – Unit B 


Naaldwijk FM. 


Basis: 1-15m bsb 


Unit B is aanwezig in de palaeokanalen in het zuidelijke deel van het onderzoeksgebied. De 


verwachte compositie is zeer fijn tot middelgrof zand en lokaal klei lagen van het Wormer lid en 


veen lagen van de Velsen laag. 


De basis van deze eenheid is een oneffen sub-horizontaal erosievlak, ingesneden door 


palaeokanalen.  


Boven Pleistoceen – 


Unit C 


Kreftenheye and Boxtel 


Fm. 


Basis: 3-42 m bsb 


Er wordt verwacht dat deze eenheid bestaat uit fijn tot grof zand, grind en een fractie klei en 


behoort tot de Kreftenheye and Boxtel Formaties die afgezet zijn in een fluviatiel milieu. De 


basis van deze eenheid is een erosievlak, dat is ingesneden door verscheidene palaeokanalen 


in het noorden van het onderzoeksgebied. 


Onder tot Midden 


Pleistoceen – Unit D 


Yarmouth Roads  


Basis: from Ref.2 


ongeveer 60-70 m 


onder LAT 


Unit D bestaat naar verwachting uit fijn tot grof zand met lokaal klei en silt, en Unit E uit fijn tot 


grof zand geïntercaleerd met klei. Deze eenheden zijn gevormd door meerdere overlappende 


fases van insnijdingen en afzettingen van kanalen. De basis van deze eenheid kon niet worden 


bepaald, maar ligt naar verwachting op ongeveer 60 tot 70 m onder LAT.  


Zeebodem en Sub-Zeebodem Risico’s 


Wrakken 


NCN 2117 
“Sirabuen”; 41.8 x 8.9 x ht 0.7 m; min. waterdiepte 20.8 m LAT. Het wrak is geobserveerd op 9 


m ZO van database positie (Contacten: S_0018. M_0494). 


NCN 2065 
Onbekend wrak; 15.5 x 5 x ht 0.6 m; min. waterdiepte 24.7 m LAT. Het wrak is geobserveerd op 


10 m N van database positie. (Contacten: S_0022, M_0651). 


NCN 2060 
Onbekend wrak; 14.3 x 10.4 x ht 2.3 m; min. waterdiepte 20.4 m LAT. Het wrak is geobserveerd 


op 9 m Z van de database positie. (Contacten: S_0043, M_0058) 


NCN 2077 
“Salland”, 47 x x 13.8 x ht 0.6 m; min. waterdiepte 24.5 m LAT. Het wrak is geobserveerd op 127 


m van de database positie (Contacten S_0027, M_0885) 


NCN 2288 
Onbekend wrak; 7.9 x 1.1 x ht 0.1 m; min. waterdiepte 22.3 m LAT; verspreid over 300 x 100 m; 


geen database positie bekend (Contacten S_0015, M_0275). 


NCN 2051 “Eton”; niet geobserveerd tijdens de survey maar vermeld in de database. 


NCN 2078 Onbekend wrak; niet geobserveerd tijdens de survey maar vermeld in de database. 
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NCN 2082 Onbekend wrak; niet geobserveerd tijdens de survey maar vermeld in de database. 


NCN 2086 Onbekend wrak; niet geobserveerd tijdens de survey maar vermeld in de database. 


NCN 2126 Onbekend wrak; niet geobserveerd tijdens de survey maar vermeld in de database. 


NCN 2545 Onbekend wrak; niet geobserveerd tijdens de survey maar vermeld in de database. 


NCN 25000 Onbekend wrak; niet geobserveerd tijdens de survey maar vermeld in de database. 


NCN 2118 
Onbekend wrak; 1 x 1 x 0.7 m; min. waterdiepte onbekend (buiten de limiet van de MBES zone); 


Contacten S_0136) 


Kabels 


Atlantic Crossing 1 


Segment B1 
De geobserveerde locatie wijkt tot 50 m af van de verstrekte database positie. 


Atlantic Crossing 1 


Segment B2 
De geobserveerde locatie wijkt tot 80 m af van de verstrekte database positie. 


PANGEA Segment 2 De geobserveerde locatie wijkt tot 120 m af van de verstrekte database positie.  


Rembrandt 1 De geobserveerde locatie wijkt tot 20 m af van de verstrekte database positie.  


Rioja 3 De geobserveerde locatie wijkt tot 15 m af van de verstrekte database positie.  


TAT 14 Segment J De geobserveerde locatie wijkt tot 15 m af van de verstrekte database positie.  


UK – NL 10 De geobserveerde locatie wijkt tot 120 m af van de verstrekte database positie.  


UK – NL14 De geobserveerde locatie wijkt tot 90 m af van de verstrekte database positie.  


Prinses Amalia 


Windparken (vh Q7-


WP) 


De geobserveerde locatie wijkt tot 10 m af van de verstrekte database positie.  


Onbekend lineair object Geobserveerd in de magnetometer data in het zuid-oosten, niet bekend in de database 


Pijpleidingen 


Helm to IJmuiden 20 


inch olie pijpleiding 
De geobserveerde locatie wijkt tot 10 m af van de verstrekte database positie.  


Q4-B to Q4-A 12 inch 


gas flexibele pijpleiding 
De geobserveerde locatie wijkt tot 5 m af van de verstrekte database positie. 


Q4-C to Wijk aan Zee 


10.7 inch gas pijpleiding 
De geobserveerde locatie wijkt tot 5 m af van de verstrekte database positie.  


Q4-A to P6-A 14 inch 


gas pijpleiding 
De locatie geobserveerd in de MBES/SSS data wijkt tot 5 m af van de verstrekte database positie. 


Zeebodem Geohazards 


Zandduinen / hoge 


zeebed gradiënten 


Zand golven zijn waargenomen in het ZW, het centrale gebied en de noordelijke helft van het 


onderzoeksgebied, met zeebodem gradiënten tot 14.1°. 
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Puin en Keien Er zijn in totaal 136 SSS contacten waargenomen, waaronder 26 groot debris en 16 zeer grote 


keien met een lengte van minstens 0.5 m of een minimale hoogte van 0.5 m.  


S_0001  Langgerekt debris 17 x 1 x ht 0.1 m 


S_0002  Kei 4 x 4 x ht 0.8 m  


S_0005 Kei 3 x 1 x ht 0.5 m 


S_0006  Kei 2 x 1 x ht 0.5 m 


S_0007 Kei 2 x 2 x ht 0.5 m 


S_0010 Debris 1 x 1 x ht 0.5 m 


S_0011 Debris 1 x 1 x ht 0.7 m 


S_0012  Debris 1 x 1 x ht 0.5 m 


S_0017  Debris 1 x 1 x ht 0.5 m 


S_0019  Debris 1 x 1 x ht 0.5 m 


S_0021  Debris 10 x 1 ht 0.3 m 


S_0023  Debris 2 x 1 x ht 0.5 m 


S_0029  Debris 1 x 1 x ht 0.5 m 


S_0035  Debris 25 x 3 x ht 0.5 m 


S_0038  Debris 6 x 1 x ht 0.2 m 


S_0046  Debris 13 x 1 x ht 0.6 m 


S_0056  Kei 2 x 2 x ht 0.5 m 


S_0064  Kei 1 x 1 x ht 0.5 m 


S_0067  Kei 1 x 1 x ht 0.6 m 


S_0076  


Debris (ferromagnetische niet-natuurlijk 


object gerelateerd aan oude Wintershall 


boring) 


6 x 2 x ht 1.5 m 


S_0078  Debris 4 x 3 x ht 1.3 m 


S_0081  Debris 2 x 1 x ht 1 m 


S_0085  Kei 1 x 1 x ht 0.8 m 


S_0086  Kei 1 x 1 x ht 0.5 m 


S_0087  Debris 2 x 1 x ht 1 m 


S_0088  Kei 1 x 1 x ht 0.8 m 


S_0089  Debris 3 x 2 x ht 1 m 


S_0095 Debris 1 x 1 x ht 0.5 m  


S_0098  Debris 1 x 1 x ht 0.6 m 


S_0099  Veld met debris 81 x 64 x ht 1.2 m  


S_0101  Kei 1 x 1 x ht 0.6 m 


S_0105  Debris 2 x 1 x ht 0.5 m  


S_0106  Debris 3 x 1 x ht 0.5 m 


S_0107  Kei 1 x 1 x ht 0.5 m  


S_0109  Debris 3 x 2 x ht 1.1 m 


S_0110  Debris 5 x 2 x ht 0.4 m 


S_0111  Kei 1 x 1 x ht 0.5 m  


S_0115  Kei 1 x 1 x ht 0.5 m 


S_0116  Debris 8 x 1 x ht 0 m 


S_0126  Kei 1 x 1 x ht 0.5 m 


S_0130  Kei 1 x 1 x ht 0.5 m 


S_0131  Langgerekt debris 5 x 1 x ht 0.5 m 
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Platform locatie Drie SSS contacten (S_0127 tot S_0129) zijn geïnterpreteerd als spud cans van een platform. 


De achtergebleven behuizing werd waargenomen door de magnetometer (M_0302, M_1372). 


Het gebied bevindt zich in het meest noordoostelijke deel van de HKN WFZ, rond 591840 mE / 


5847750 nN. 


Gebaggerde gebieden Er bevinden zich drie gebaggerde gebieden binnen de HKN WFZ. Twee in het NO en een in het 


ZO. 


Steen dump Er bevinden zich vier steen dumps in de HKN WFZ. Een bij de kruising van de TAT 14 Seg J 


met de Helm tot IJmuiden pijpleiding. Een tweede steen dump bevindt zich bij de Atlantic 


Crossing 1 Seg B2/Helm to IJmuiden 20 inch olie pijpleiding en het derde steen dump bevindt 


zich bij de Q4-B tot Q4A 12 inch gas flexible en het vierde steen dump bevindt zich bij de Q4-C 


tot Wijk aan Zee 10.7 inch gas piipleiding. 


 


Boorgaten De volgende boorgaten bevinden zich binnen of dicht bij het HKN WFZ gebied en zijn gebruikt 


voor de interpretatie van de gronden: BQ040044, BQ040045, BQ040138, BQ040139, 


BQ040144, BQ040147, BQ040148, BQ040149. 


Zeebodem structuren De volgende structuren bevinden zich in het HKN WFZ gebied: het Q-4B platform in het centrale 


deel van het gebied, het Q4-A platform op de noordoostelijke limiet van het gebied en de 


Prinses Amalia Windparken liggen in het zuiden. 


Sleepnet markeringen Markeringen van sleepnetten zijn geobserveerd in het ZO van de HKN WFZ. 


Sub-zeebodem Geohazards 


Palaeokanaal 


afzettingen 


Geobserveerd aan de basis van Unit A/B en aan de basis van Unit C. Vooral aan de basis van 


Unit C wordt verwacht dat de afzettingen zeer heterogeen zijn. 


Keien 
Schaars aanwezige keien zijn geobserveerd in Unit A, Unit C and Unit D. 


Grofkorreligere 


sedimenten / 


GRINDlagen 


Unit C, Unit D en Unit E bestaan naar verwachting uit grovere sedimenten, maar deze zijn niet 


geïdentificeerd in lagen of patches, door de zeer complexe interne structuur van deze fluviatiele 


/ glaciofluviale / fluvio-deltaische formaties. 


Sediment hiaat en 


tektonisch vervormde 


glaciale sedimenten 


Mogelijke vervormingen met betrekking tot ijskapfricties zullen naar verwachting aanwezig zijn in 


het bovenste deel van de sedimenten van de Yarmouth Roads Formatie.  


Mogelijke KLEI / 


VEENlagen 


Organische klei/veen lagen zijn geobserveerd aan de basis van Unit A en Unit B, in Unit C en 


ook in Unit D. 


Aanwezigheid van 


gas/vloeistof in 


sedimenten 


Op een aantal locaties in de Holocene sedimenten is er mogelijk gas/vloeistof aanwezig in de 


sedimenten. 


Breuken Twee mogelijke breuken zijn geobserveerd in de HKN WFZ, waardoor Horizon H20 wordt 


verzet. Door het chaotische/ongestructureerde seismische aspect van Unit D en E, kan de 


aanwezigheid van kleinere breuken niet worden uitgesloten. 
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EXECUTIVE SUMMARY 


Hollandse Kust (noord) Wind Farm Zone 


Introduction 


Survey Dates: 30 July to 01 September and 12 September to 03 November 2017 


Equipment 


(Geophysical): 


Single beam echo sounder (SBES), multibeam echo sounder (MBES), sidescan sonar (SSS), 


magnetometer (MAG), sub-bottom profiler (SBP), multichannel ultra high resolution sparker (MC-


2DUHRS) and single channel ultra high resolution sparker (SC-UHRS). 


Coordinate System: Datum: European Terrestrial Reference System 1989 (ETRS89) 


Projection: UTM Zone 31N, CM 3°E 


Bathymetry 


The water depth varies across the site from a minimum of 14.85 m LAT in the south-easternmost part of the HKN WFZ to a 


maximum of 28.11 m LAT in the central part of the HKN WFZ. LAT. 


Seabed Features 


The seabed is characterised by large NNE-SSW orientated tidal sand ridges as well as sand waves oriented predominantly 


WNW-ESE. They feature wavelengths from 123 m to 830 m and height ranging from 0.5 m to 5.9 m. Superposed 


megaripples exhibit wavelengths of < 9 m and height ranging from 0.1 m to 0.4 m. 


Geology 


The geological interpretation is based on SBP, SC-UHRS, MC-2DUHRS, public domain data and boreholes to a depth of 


100 m below seabed with 5 lithological units identified as follows:  


Holocene – Unit A  


Southern Bight (Bligh 


Bank Member)  


Base: 1-15 m bsb 


Unit A is observed throughout almost the entire HKN WFZ. It is expected to comprise fine to 


coarse sand with clay and sit laminae, locally gravel and occasional boulders on the seabed.  


The base of this unit is generally sub-horizontal. 


Holocene – Unit B 


Naaldwijk Fm. 


Base: 1-15 m bsb 


UNIT B occurs within the palaeochannels in the south of the HKN WFZ and is expected to 


comprise very fine to medium sand with clay layers locally of the Wormer member and peat layers 


of the Velsen Bed. 


The base of this unit is an uneven sub-horizontal erosional surface, carved by palaeochannels. 


Upper Pleistocene – 


Unit C 


Kreftenheye and Boxtel 


Fm. 


Base: 3-42 m bsb 


Unit C is expected to comprise fine to coarse sand; gravel and minor clay and was deposited in a 


fluvio-periglacial environment.  


The base of this unit is an erosional surface cut by several palaeochannels in the north. 


Lower to middle 


Pleistocene – Unit D 


Yarmouth Roads  


Base: from Ref. 2 


approx. 60-70 m below 


LAT 


UNIT D corresponds to the Yarmouth Roads Formation.  It was deposited in a fluvial environment 


and comprises fine to coarse sand with local clay and silt, possible boulders in the upper part and 


occasional clay/peat beds. The base of this unit was not detected, but is expected to be present at 


approximately 60 to 70 m below LAT. 


Lower to middle 


Pleistocene – Unit E 


Winterton Shoal Fm.  


 


This Unit is characterized by semi-transparent low amplitude intervals, with isolated high 


amplitude horizons. Winterton Shoal Formation was deposited in a fluvial to tidal deltaic 


environment and it is expected to comprise fine to coarse sand with clay intercalation. 


Seabed and Sub-seabed Hazards 


Wrecks 


NCN 2117 
“Sirabuen”; 41.8 x 8.9 x ht 0.7 m; minimum WD 20.8 m LAT; located 9 m SE of database position 


(Contact S_0018. M_0494). 


NCN 2065 
Unknown; 15.5 x 5 x ht 0.6 m; minimum WD 24.7 m LAT;  located 10 m N of database position 


(Contacts S_0022, M_0651). 


NCN 2060 
Unknown; 14.3 x 10.4 x ht 2.3 m; minimum WD 20.4 m LAT; located 9 m S of database position 


(Contact S_0043, M_0058).  


NCN 2077 
"Salland"; 47 x 13.8 x ht 0.6 m; minimum WD 24.5 m LAT; located 127 m of database position 


(Contacts S_0027, M_0885).  


NCN 2288 
Unknown; 7.9 x 1.1 x ht 0.1 m; minimum WD 22.3 m LAT;  spread over 300 x 100 m; no database 


position (Contact S_0015, M_0275). 
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NCN 2051 “Eton”; not detected by survey but listed in database. 


NCN 2078 Unknown; not detected by survey but listed in database 


NCN 2082 Unknown; not detected by survey but listed in database 


NCN 2086 Unknown; not detected by survey but listed in database 


NCN 2126 Unknown; not detected by survey but listed in database 


NCN 2545 Unknown; not detected by survey but listed in database 


NCN 25000 Unknown; not detected by survey but listed in database 


NCN 2118 Unknown; 1 x 1 x 0.7 m; unknown WD (outside of MBES limit; Contact S_0136) 


Cables 


Atlantic Crossing 1 


Segment B1 
Located up to 50 m from database position. 


Atlantic Crossing 1 


Segment B2 
Located up to 20 m from database position. 


PANGEA Segment 2 Located up to 120 m from database position. 


Rembrandt 1 Located up to 20 m from database position. 


Rioja 3 Located up to 15 m from database position. 


TAT 14 Segment J Located up to 15 m from database position. 


UK – NL 10 Located up to 120 m from database position. 


UK – NL14 Located up to 90 m from database position. 


Prinses Amalia 


Windparken (vh Q7-


WP) 


Located up to 10 m from database position. 


Unknown linear 


features 
Observed by magnetometer in the south-west, no database equivalent 


Pipelines 


Helm to IJmuiden 20 


inch oil pipeline 
Located up to 10 m from database position. 


Q4-B to Q4-A 12 inch 


gas flexible 
Located up to 5 m from database position. 


Q4-C to Wijk aan Zee 


10.7 inch gas pipeline 
Located up to 5 m from database position. 


Q4-A to P6-A 14 inch 


gas pipeline 


Observed by MBES/SSS data to be up to 5 m offset with respect to the provided database 


position 


Seabed Geohazards 


Sand dunes / high 


seabed gradients 
Sand waves occur in the SW, central and N half of the site, exhibiting seabed gradients of up to 


14.1°. 
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Debris and Boulders A total of 136x SSS contacts were observed of which 26x significant debris and 16x significant 


boulders either 0.5 m and more in length or 0.5 m and more in height: 


 


S_0001  linear debris  17 x 1 x ht 0.1 m 


S_0002  boulder  4 x 4 x ht 0.8 m  


S_0005 boulder  3 x 1 x ht 0.5 m 


S_0006  boulder  2 x 1 x ht 0.5 m 


S_0007 boulder  2 x 2 x ht 0.5 m 


S_0010 debris 1 x 1 x ht 0.5 m 


S_0011 debris 1 x 1 x ht 0.7 m 


S_0012  debris  1 x 1 x ht 0.5 m 


S_0017  debris  1 x 1 x ht 0.5 m 


S_0019  debris  1 x 1 x ht 0.5 m 


S_0021  debris 10 x 1 ht 0.3 m 


S_0023  debris  2 x 1 x ht 0.5 m 


S_0029  debris  1 x 1 x ht 0.5 m 


S_0035  debris  25 x 3 x ht 0.5 m 


S_0038  debris  6 x 1 x ht 0.2 m 


S_0046  debris  13 x 1 x ht 0.6 m 


S_0056  boulder  2 x 2 x ht 0.5 m 


S_0064  boulder  1 x 1 x ht 0.5 m 


S_0067  boulder 1 x 1 x ht 0.6 m 


S_0076  
debris (ferromagnetic man-made object 


related to former Wintershall borehole) 
6 x 2 x ht 1.5 m 


S_0078  debris  4 x 3 x ht 1.3 m 


S_0081  debris  2 x 1 x ht 1 m 


S_0085  boulder  1 x 1 x ht 0.8 m 


S_0086  boulder  1 x 1 x ht 0.5 m 


S_0087  debris  2 x 1 x ht 1 m 


S_0088  boulder  1 x 1 x ht 0.8 m 


S_0089  debris  3 x 2 x ht 1 m 


S_0095 debris  1 x 1 x ht 0.5 m  


S_0098  debris  1 x 1 x ht 0.6 m 


S_0099  field of debris  81 x 64 x ht 1.2 m  


S_0101  boulder  1 x 1 x ht 0.6 m 


S_0105  debris  2 x 1 x ht 0.5 m  


S_0106  debris  3 x 1 x ht 0.5 m 


S_0107  boulder  1 x 1 x ht 0.5 m  


S_0109  debris  3 x 2 x ht 1.1 m 


S_0110  debris  5 x 2 x ht 0.4 m 


S_0111  boulder  1 x 1 x ht 0.5 m  


S_0115  boulder  1 x 1 x ht 0.5 m 


S_0116  debris  8 x 1 x ht 0 m 


S_0126  boulder  1 x 1 x ht 0.5 m 


S_0130  boulder  1 x 1 x ht 0.5 m 


S_0131  linear debris  5 x 1 x ht 0.5 m 
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Rig Location Three SSS contacts (S_0127 to S_129) were interpreted as spud can impressions of a rig 


location. The remaining casing was detected by magnetometer (M_0302, M_1372). The area is 


located in the north-eastern part of the HKN WFZ, around 591840 mE / 5847750 nN.  


Dredged Areas Three dredged zones are located within the HKN WFZ: Two in the NE and one in the SE. 


Rock Dumps Four rock dumps are located within the HKN WFZ. One at the TAT 14 Seg J crossing with the 


Helm to IJmuiden pipeline. Another rock dump is located at the Atlantic Crossing 1 Seg B2/Helm 


to IJmuiden 20 inch Oil Pipeline. A third one is located at the Q4-B to Q4A 12 inch gas flexible and 


a fourth rock dump is located at the Q4-C to Wijk aan Zee 10.7 inch gas pipeline. 


Boreholes The following boreholes are located either within or close to the HKN WFZ and were used for 


ground-truthing: BQ040044, BQ040045, BQ040138, BQ040139, BQ040144, BQ040147, 


BQ040148, BQ040149. 


Seabed Structures The following structures are located within the HKN WFZ: The Q-4B platform is in the central part, 


the Q4-A platform is on the north-eastern boundary and the Prinses Amalia Windparken is in the 


south. 


Trawl Scars Trawl Scars are observed on the SE side of the HKN WFZ. 


 


Sub-seabed Geohazards 


Palaeochannel infills Observed at the base of Unit A/B and at the base of Unit C. In particular, at the base of Unit C is 


expected to be highly heterogeneous. 


Boulders 
Sparse boulders were observed within Unit A, Unit C and Unit D. 


Coarse sediments / 


GRAVEL layers 


Coarse sediments are expected throughout Unit C, Unit D and Unit E, but were not identified as 


layers or patches, due to the very complex internal structure of these fluvial / fluvio-glacial / fluvio-


deltaic formations. 


Sediment hiatus and 


Glacio tectonised 


sediments 


Possible deformations related to ice sheet frictions are expected to be present locally in the 


uppermost part of the sediments of the Yarmouth Roads Fm. 


Potential organic 


CLAY/PEAT Layers 


Organic clay/peat levels occur at the base of Unit A and Unit B, within Unit C and also within Unit 


D. 


Gas/fluid charged in 


sediments 


Indications of possible gas/fluid charged sediments were observed within Holocene sediments.  


Faults Two possible faults were observed within the HKN WFZ, displacing horizon H20. Due to the 


structureless seismic aspect of Unit D and E, the presence of more faults and/or fractures cannot 


be ruled out. 
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1. INTRODUCTION  


1.1 General 


Rijksdienst voor Ondernemend Nederland (RVO) contracted Fugro to perform a geophysical 


investigation within the Hollandse Kust (noord) (HKN) Wind Farm Zone. The HKN Wind Farm Zone is 


located in the Dutch Sector of the North Sea approximately 20 km from the coastline (refer to 


Keyplan).  


The geophysical survey was carried out in two different legs, using the survey vessels MV Fugro 


Gauss, from 30 July to 01 September 2017, and MV Fugro Meridian, from 12 September to 03 


November 2017.  


MV Fugro Gauss main reference port was Amsterdam, in the Netherlands. The MV Fugro Gauss was 


used for all the shallow geophysical operations, acquiring data using Sidescan Sonar (SSS), 


Magnetometer (MAG), Multi Beam Echo Sounder (MBES) and Single Beam Echo Sounder (SBES), 


Sub-Bottom Profiler (SBP), Single Channel Sparker (SC-UHRS). 


For the MV Fugro Meridian IJmuiden, in the Netherlands, was used as the main port reference. The 


MV Fugro Meridian was used in particular for the acquisition of the ultra-high resolution multichannel 


sparker with hybrid streamer (MC-2DUHRS). 


The MV Fugro Meridian was able to keep reliable position to the planned line throughout the survey, 


with the vessel steering the CMP position, rather than the vessel, along the line of the SC-UHRS CRP 


position acquired by the MV Fugro Gauss. Cross lines were not surveyed in periods of strong currents. 


To maintain line keeping, acquisition daily planning was adapted to ensure lines were surveyed at 


appropriate states of tide. The largest deviation of the CMP position from the proposed line plan was 


16 m, but for majority of the survey, this offset was 10 m or less. 


This report presents the results of the geophysical investigation of the Hollandse Kust (noord) Wind 


Farm Zone. Details of the survey operations, including vessels and equipment, and a discussion of 


data quality and accuracy, are presented in the following companion reports: 


■ Report 2: Operations and Calibrations Report – MV Fugro Gauss (GH216-FG-RVO-HKN) 


■ Report 3: Operations and Calibrations Report – MV Fugro Meridian (GH216-FM-RVO-HKN). 
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1.2 Purpose of Work 


The objectives of the geophysical investigation are: 


■ improve the general bathymetrical, morphological and geological understanding; 


■ provide an accurate bathymetry chart; 


■ provide information on seabed conditions and identify natural and man-made seabed features, 


objects and/or obstructions; 


■ identify and/or confirm the positions of wrecks, (in service and out of service) pipelines, cables and 


other infrastructure; 


■ provide a geological model, including detailed geological interpretation showing facies variations 


and structural features changes using appropriate maps and sections; 


■ provide information on sub-seabed conditions and of the Hollandse Kust (noord) WFZ and to 


obtain geophysical information on this location, which is suitable for the preparation of 


geotechnical investigations and suitable to progress the design and installation requirements for 


offshore wind farms, including, but not limited to foundations and cables.   


 


The investigation should provide:   


 An accurate bathymetric chart   


 Information on the presence of all seabed features including:  


- any natural objects such as boulders;  


- any non-natural objects such as wrecks and debris (both known and previously 


unmapped);  


 


 A geological model of the site, including as a minimum;  


- Elevation and depth below seabed charts for the main geological formations including 


any mobile sediments and any other significant interfaces that might impact on the 


engineering design;  


- Locations of any structural complexities or geohazards within the shallow geological 


succession such as faulting, accumulations of shallow gas, peat, buried channels etc.;  


- Detailed geological interpretation to show facies variations and structural feature changes 


via appropriate maps and sections;  


 


 The exact position of existing (in service & out of service) cables and pipelines. 


- Input into the specification and scope for a geotechnical sampling and testing programme 


following the completion of the geophysical survey;  


- A comprehensive interpretative report on the survey results obtained to assist design of 


the offshore foundations / structures and cable burial 
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1.3 Geodetic Parameters 


Geographical and projection coordinates in the report and on the charts are according to Table 1.1, 


unless otherwise specified. Lowest Astronomical Tide (LAT) and depth below seabed (bsb) are used 


as vertical datum. The time standard for data logging is UTC +2 (from 30 July to 28 October 2017) and 


UTC +1 hour (from 29 October to 3 November 2017). 


Satellite navigation and positioning for the vessel navigation was operated in differential mode. GNSS 


geographical coordinates were based on datum World Geodetic System 1984 (WGS84). Data 


positioning was improved by integrating the IMU data in post processing the GNSS information (see 


section 5.1). The UKOOA datum shift parameters were used for the transformation from WGS84 to 


the local coordinates in the ETRS89 datum.  


The geodetic parameters are detailed in Table 1.1.  


Table 1.1: Project geodetic and projection parameters 


Global Positioning System Geodetic Parameters
(1)


 


Datum: WGS84 


Spheroid: WGS84 


Semi major axis: a  = 6 378 137.000 m 


Inverse Flattening: 
1
/f = 298.257223563 


Local Datum Geodetic Parameters
 (2)


 


Datum: ETRS89 


Spheroid: GRS80 


Semi major axis: A  = 6 378 137.000 m 


Inverse Flattening: 1/f = 298.257222101 


Datum Transformation Parameters 
(3)


 from WGS84 to ETRS89 for epoch 2017.5808 (1 August 2017) 


Shift dX: +0.05372 m Rotation rX: -0.002204 arcsec Scale Factor: +0.002637 ppm 


Shift dY: +0.05092 m Rotation rY: -0.013333 arcsec    


Shift dZ: -0.008768 m Rotation rZ: +0.021551 arcsec    


Project Projection Parameters 


Grid Projection: Universal Transverse Mercator 


UTM Zone 31 Northern Hemisphere 


Central Meridian: 003º 00’ 00.000” East 


Latitude of Origin: 00º 00’ 00.000” North  


False Easting: 500 000 m 


False Northing: 0 m 


Scale factor on Central Meridian: 0.9996 


Units: Metre 


Notes: 


1.Fugro Starfix navigation software always uses WGS84 datum as a primary datum for any geodetic calculations; 


2. Source: FUGRO 


3. This is the Bursa-Wolfe rotation convention as opposed to the coordinate frame rotation used in Starfix software. 
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2. SURVEY RESULTS: SURFACE 


Seabed mapping was based on MBES, Backscatter and SSS data. The data analysis was carried out 


using acoustic sediment facies characteristics such as overall pattern, shape, dimensions, backscatter 


strength, bedforms orientation and depth. Additionally, SBP data was used for identification of 


bedforms. 


Objects at seabed or in the near-subsurface were identified as potential hazards to wind farm 


installation were investigated on all datasets. 


For a detailed description of the interpretation methodology on the different sensor types see section 


5.8. 


2.1 Geomorphological Background 


From 1979 to date, a total of 17 bathymetric surveys were carried out in and around the HKN WFZ by 


the Netherlands Hydrographic Office (NLHO). Of these surveys 12 were performed using single beam 


echo sounder data and the remaining 5 using multibeam echo sounder data (Ref. 2).  


Wind farm installations require an understanding of the distribution and mobility of bedforms. The HKN 


WFZ is characterised by large NNE-SSW orientated tidal sand ridges. In addition, there are numerous 


WNW-ESE orientated megaripples and sand waves across the HKN WFZ, mainly in the northern half 


and south-west. The HKN WFZ features three dredged areas (two in the north-east and one in the 


south-east) that have a certain impact on the morphology as well. Hence, these areas are classified as 


anthropogenic bedforms. 


The morphology, distribution and orientation of the bedforms confirm substantial and extensive 


sediment transport and are also indicative of the predominant current direction. The high seabed 


gradients on the lee side of the sand waves are identified as hazards. Statistical analysis of sand wave 


mobility (Ref. 2) shows that they have a typical migration rate in the order of 1-10 m/year. Van der 


Meulen et al. (Ref. 3) report a migration rate of over 20 m/year near the island of Texel, with typical 


migration rates decreasing southwards to a stationary sand wave field near the Port of Rotterdam. A 


morphodynamic study of the Hollandse Kust (zuid) WFZ carried out by Deltares in 2016 showed a 


migration for sand waves in the range of 1.0 – 1.5 m/year in the southern parts of the wind farm, 


increasing to 2.0 – 3.5 m/year in the central and northern parts of the wind farm zone (Ref. 2). 


Observed migration rates in the Prinses Amalia Windparken (immediately south of the HKN WFZ) 


were recently assessed to be in the order of 4 m/year. Based on this, migration rates of approx. 4 


m/year are expected in the Hollandse Kust (noord) WFZ.  


According to Deltares (2016) (Ref. 4), the seabed bedforms can be classified in terms of height and 


spacing between the features. This classification is used to describe the morphological features in the 


Hollandse Kust (noord) WFZ. The classification principle is described in Table 2.1 with the definition of 


the scheme implemented in this study provided in Table 2.2. Note that the primary classification is 


based on bedform wavelength, with height as a secondary criterion. 
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Table 2.1: Classification scheme for seabed bedforms (Ref. 4) 


  


Wavelength 


[m]* 


Wave Height 


[m]* 
Mobility 


Threat to Foundations and 


Cables 


Ripples 0.1 0.01 Mobile and transient Minimal 


Megaripples 10 0.1 Mobile and transient Minimal 


Sand waves 100 1 Mobile and persistent Large 


Sand banks 1000 10 Stationary Minimal 


*all values in the order of 


 


2.2 Bathymetry and Bedforms 


The bathymetry of the entire HKN WFZ exhibits a dynamic morphology characterised by a complex 


pattern of bedforms. Based on the bedform classification given in Table 2.1, the seabed in the HKN 


WFZ is homogeneously covered by megaripples, with slightly variable but generally WNW-ESE 


orientated crests. Occasionally, WNW-ESE orientated sand waves are present, superposed by 


megaripples. The lee of the sand waves is on the northern side, indicating a predominant current in a 


northerly direction. Additional to these bedforms transverse to the general flow direction, the HKN 


WFZ is characterised by large NNE-SSW orientated tidal sand ridges (not classified by Ref. 4). The 


crests of the sand waves and megaripples run approx. perpendicular to the trending of the tidal sand 


ridges. 


Additionally to these natural bedforms, three dredged areas are classified as anthropogenic bedforms.  


A bathymetry overview is presented in Figure 2.1 and bedform distribution overviews are presented in 


Figure 2.3. 
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Figure 2.1: MBES bathymetry map across the HKN WFZ 
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Figure 2.2: Bedform distribution overview (after Deltares 2017) and additional bedforms. 


 


Within the HKN WFZ, the bathymetry ranges between -14.85 m LAT, reached on major sand wave 


crests in the south-easternmost part, and -28.11 m LAT in the sand wave troughs in the central part of 


the HKN WFZ. The varying WD is directly connected to the distribution of tidal sand ridges that can 


cause a change in WD of several metres.  


Sand wave areas are predominant in the north, central part and south-west corner. They range in 


wavelength from 119 m to a maximum of 1751 m and height from 0.5 m to a maximum of 5.9 m. 


Superposed on these sand waves are megaripples, featuring wavelengths of 10 to 20 m and heights 


of 0.1 m to 0.4 m. The tidal sand ridges vary in wavelengths between 3000 m and 9500 m and heights 


between 2.5 m and 6 m.  


Additionally to these natural bedforms the dredged areas are classified as anthropogenic bedforms 


and feature a difference in height of approximately 5 m, but will fill up in time. Table 2.2 summarises 


the different bedform types detected in the HKN WFZ and their range in wavelengths and heights.  
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Table 2.2: Classification scheme for seabed bedforms observed within the HKN WFZ 


Class Wavelengths in HKN 


WFZ [m] 


Heights in HKN WFZ 


[m] 


Bedform description 


1 3000 to 9500 2.5 to 6 Tidal Sand Ridges 


2 119 to 1751 0.5 to 5.9 Sand Waves 


3 10 to 20  0.1  to 0.4 Megaripples 


4 - 0.5 to 6  Anthropogenic Bedforms 


 


Highest seabed gradients are associated with the lee side of the sand waves and were observed to be 


up to 14.1° at the central part of the HKN WFZ (around 589449.5E / 5840880N).  


Figure 2.3 and Figure 2.4 give an overview of the seabed gradients observed across the HKN area. 


As shown in Figure 2.3, some more or less flat areas are located within the western and southern part 


of the HKN WFZ.  
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Figure 2.3: Seabed gradient map across the HKN WFZ. 
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Figure 2.4: Seabed gradient in the central area depicting the maximum gradients at the lee side 


of the sand waves. 


 


MBES data examples of sand waves are presented as an overview in Figure 2.5 and Figure 2.6 of a 


more detailed view of a sand wave with gradients of 10°. Further bedform MBES data examples are 


presented in Figure 2.7 depicting megaripples in the central part, in Figure 2.8 of a sand wave and 


megaripples in the north-east, Figure 2.9 and Figure 2.10 of a sand wave.  
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Figure 2.5: MBES data example of compound sand waves in the south-west. 


 


 


Figure 2.6: MBES data example of sand waves with gradients of 10°. The sand waves are 


superposed by megaripples. 
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Figure 2.7: MBES data example of megaripples in the central part of the HKN WFZ. 


 


 


Figure 2.8: MBES data example of megaripples and a sand wave in the north east. 
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Figure 2.9: MBES data example of sand waves.  


 


 


Figure 2.10: MBES data example of a sand wave superposed by megaripples. 
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Three dredged zones were observed with two larger zones in the north-east and the smaller one in the 


south-east. These zones are up to 6 sq km in size and up to 5 m below the average surrounding 


seabed level. Figure 2.11 is a MBES data example of the largest dredged zone around 590364.0E / 


5844685.8N. More details on these dredged areas are presented in Section 2.4.6. 


 


Figure 2.11: Detailed MBES view of the dredged area to the NE depicting natural bedforms 


(megaripples) covering and re-filling the dredged seabed. 


 


Bathymetry profiles across the site depicting the different bedforms are shown in Figure 2.12 and 


presented in Figure 2.13 to Figure 2.17. Figure 2.13 shows megaripples, Figure 2.14 and Figure 2.15 


show sand waves with superposed megaripples, and Figure 2.16 shows a tidal sand ridge superposed 


by megaripples and Figure 2.17 details the vertical structure of the dredged area.  
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Figure 2.12: Bathymetry cross sections overview 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


 


FUGRO / GH216-R3 / Rev 3  Page 16 of 117 


 


Figure 2.13 Bathymetry profile 1 showing megaripples.  


 


 


Figure 2.14: Bathymetry profile 2 showing sand waves superposed by megaripples. 
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Figure 2.15: Bathymetry profile 3 showing sand waves superposed by megaripples. 


 


 


Figure 2.16: Bathymetry profile 4 across a tidal sand ridge superposed by megaripples. 
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Figure 2.17: Bathymetry profile 5 across one of the dredged area. 


 


The bathymetry is presented on Bathymetry Charts 11_GH216_HKN_BATHYMETRY_nu20K_1 and 12_GH216_HKN_BATHYMETRY_nu20K_2 in 


Appendix C. 
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2.3 Seabed Sediment Classification 


The interpretation of the seabed sediments basically has been carried out on the basis of the SSS and 


backscatter data and was verified with the results of 8 existing boreholes (BQ040044, BQ040045, 


BQ040138, BQ040139, BQ040144, BQ040147, BQ040148, BQ040149) within and nearby the HKN 


WFZ (for location of boreholes please see Appendix D). The boreholes are sparsely but extensively 


spread across the HKN WFZ area and show that the seabed sediments comprise dense to very dense 


fine to coarse sand. Borehole Q4-8 comprises proportions of silt in a minor content and due to the 


sparse occurrence of samples it cannot be excluded that silt is also present across major parts of the 


area. Hence, the seabed sediments were classified as fine to coarse sand with variable silt content in 


a minor fraction. 


The SSS and backscatter intensities variations are strongly associated with morphological features 


and related variable relief (ripples structures, steep lee side of sand waves, irregular relief at dredged 


zones), with a homogeneous medium reflectivity in overall without major variations (Figure 2.18). This 


indicates that only minor changes in the sediment sub-fractions occur and due to the lack of 


geotechnical sampling information seabed sediment categories could not be determined in more 


detail, as interpretation is based on changes in acoustic reflectivity pattern only. Interpretation from 


SBP and UHR data shows that the extraction activities may have removed the marine Holocene 


sediments and may have exposed the late and mid Pleistocene sediments. Across the Q5J dredging 


area some anomalous features are visible as shallow elevations with sharp edges in the MBES data 


and show anomalous backscatter intensity. These features may be related to different sediment types 


(potentially CLAY of the Pleistocene) which have been exposed by dredging activities (please also 


refer to Section 2.4.6). 


To the south of the HKN WFZ locally the sand is interpreted to occur as a veneer over potential clay 


patches of only some ten of centimetres thickness (Figure 2.19 and Figure 2.20). These areas are 


best visible in the MBES data and form slightly shallower patches with sharp edges to the west, but 


smooth eastern flanks. Most of these patches are covered by megaripples, indicating at least a thin 


veneer of sand on top. However, the ripples are less pronounced and at two locations the ripples lack, 


indicating that the clay might be exposed. No boreholes or grab samples were available and it has to 


be kept in mind that sediments are classified as potential clay based on interpretation of acoustic data 


only. Please note that ground-truthing can be only true information at the actual sample locations. In 


between geotechnical locations, geophysical data acquisition is subject to physical limitations by the 


method and by individual interpretation, and as such imply a remaining possibility of error where not 


correlated with bottom samples. 


The seabed sediment classification is presented on the Seabed and Sediment Classification Charts 


in Appendix D (from chart 13 to chart 16).  
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Figure 2.18: Colour coded backscatter intensity map derived from MBES data. 
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Figure 2.19: Overview of the seabed sediment classification in the south-west of the HKN WFZ. 


 


 


Figure 2.20: Detailed view of the sediment classification (left) and the corresponding 


bathymetry (right). 
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2.4 Seabed Features 


Seabed features and targets were picked on all sensors and cross-correlated. In the HKN WFZ 


detected seabed features comprise compound wrecks, cables, pipelines, rock dumps, debris, 


boulders, a previous jack up rig location, dredged zones, trawl scars and several linear features of 


unknown origin. In addition, the Q4-B platform is located in the central part, the Q4-A platform is on 


the north eastern boundary (see Section 2.4.11) and the Prinses Amalia Windparken is in the south of 


the site (see Section 2.4.12).  


136 SSS contacts were detected within the HKN WFZ, with heights ranging from not measurable 


height (0.0 m) up to 6.3 m. These targets were observed scattered across the HKN WFZ. Forty-seven 


(47) of these contacts have been interpreted as boulders with maximum heights of up to 0.8 m. Fifty-


eight (58) SSS contacts were classified as debris targets (including two linear debris and field of 


clustered debris targets). Furthermore six (6) wrecks, three (3) spud can impressions (around 


591836.5E / 5847731.5N), five (5) dredge marks and eleven (11) contacts related to sediment 


structures were detected in the SSS data. The classification of six (6) SSS contacts remains as 


unknown, from which however three (3) contacts are potentially related to fish shoals. One small-


scaled field of debris is located in the central part of the HKN WFZ, around 588434.3E / 5837795.0N. 


Where visible in the bathymetry data, the SSS targets have been verified and adjusted to the MBES 


position. For further information about the identified wrecks see Section 2.4.1. 


 


1713 magnetometer contacts were detected with magnetic anomalies ranging from 2.7 nT to 


11417 nT. Most of the stronger anomalies are associated with cable and pipeline crossings, especially 


the Helm to IJmuiden 20 inch oil pipeline. A large part of the smaller anomalies is scattered throughout 


the HKN WFZ. Furthermore, it should be noted that few high amplitude magnetic anomalies were 


observed across the HKN WFZ but cannot be correlated to any pipeline or cable, for example contact 


M_0303 (possibly related to wellhead, 1474 nT), Section 2.4.5. 


As result of the 100 m line spacing detected magnetic anomalies might not coincide with the observed 


MBES and/or SSS contacts. Generally, the magnetometer measures magnetic fields that extend in 3D 


around the magnetic body at the seabed and therefore an off-line object will register as an anomaly on 


the magnetometer profile even though the object has not been passed over directly. 


Where interpretation of the contacts was possible it was listed in the ‘Classification’ column in the 


Tabulated Survey Results in Appendix A. Their locations are plotted on the Contact Charts in 


Appendix E (from chart 17 to chart 23). SSS targets with not measurable height show up with the 


value 0 in the “height” column of GIS database, as the attribute field had to be set to a number field. 


All wrecks, the spud can impressions, the area covered with metal debris and one single debris target 


as well as one boulder seen in the SSS data could be correlated to magnetometer anomalies. The 


metal field of debris (S_0099) is located at 588480E / 5837820N, has a size of 70 m x 60 m and 


shows a magnetic anomaly of 1854 nT (see Section 2.4.3). The field of debris consists of several 


elongated objects, potentially dumped 20 inch pipeline segments. 


A summary of SSS and magnetometer contacts is presented in Table 2.3 and Table 2.4.   
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Table 2.3: Summary table for SSS contacts (linear and single contacts) 


SSS Contact Classification No. Contacts 


Suspected debris / Field of debris 58 


Boulders 47 


Dredge mark 5 


Spud Can impressions 3 


Linear features (debris, scars) 96 (70 scars + 26 other linear features) 


Wrecks 6 


Sediment structures 11 


Unknown 3 


Unknown – potentially related to fish shoals 3 


Total 232 (136 single contacts + 96 linear features) 


 


Table 2.4: Summary table for MAG contacts 


Magnetometer Contact Classification No. Contacts 


Unknown 819 


Cables 


Atlantic Crossing 1 Seg B1 121 


Atlantic Crossing 1 Seg B2 88 


Pangea South Seg 2 6 


Rioja 3 9 


TAT 14 Seg J 109 


UK – Netherlands 10 64 


UK – Netherlands 14 26 


Unknown / possible cable 15+1 


Prinses Amalia Windparken (vh Q7-WP)  24 


Rembrandt 1 157 


Pipelines 


Helm to IJmuiden 20 inch oil pipeline 135 


Q4-B to Q4-A 12 inch gas flexible 46 


Q4-C to Wijk aan Zee 10.7 inch gas pipeline 74 


Field of metal debris 2 (representing the same field of debris) 


Other debris 6 


Wrecks, wreck remains and near wrecks 9 


Possible wellhead 2 


Total 1713 
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2.4.1 Wrecks 


For identification purposes, Periplus (Ref.2) developed a database that lists all known obstructions, 


objects and (archaeological) wrecks of the Dutch inland waters and North Sea. According to Ref.2, 


this database combines the data from three governmental databases: The Dutch Continental Shelf 


and Westerschelde wrecks register from The Hydrographic Service of the Royal Netherlands Navy, 


the SonarReg92 (SR92) object database of Rijkswaterstaat and the ARCHIS database, which is the 


official archaeological database of the Ministry of Cultural Heritage. All objects are listed with an 


individual NCN, the National Contact Number, and the subset has a corresponding SR92 index 


number.  


Six wrecks were identified in the HKN WFZ all of which can be correlated to wreck positions in the 


archaeological desk study (Ref.2). The wrecks are listed as NCN 2060, 2065, 2077, 2117, 2118 and 


2288. NCN 2117 features the SR92 number 13579 and NCN 2118 features the SR92 number 13590. 


The database features further seven wrecks that could not be detected during the survey. Wrecks as 


found positions and descriptions are presented in Table 2.5 and historical information can be found in 


Ref. 12 and Ref. 13.  


All wrecks are presented on the Contact Charts in Appendix E (from chart 17 to chart 23). 


Table 2.5: Wrecks as found positions 


NCN 
Easting


(1)
  


[m] 


Northing
(1)


  


[m] 


Detected on 
Description 


(3)
 


MAG SSS MBES SBP 


2117 
(1)


 589334 5847514 Yes Yes  Yes Yes 


“Sirabuen”; Norwegian cargo vessel, built 


1921, sunk 1956 after collision; 41.8 x 8.9 x 


ht 0.7 m; Minimum WD 20.8 m LAT; Wreck 


found 9 m SE of database location (Contact 


S_0018. M_0494).S_S_M_M_ 


2065 
(1)


 580767 5830316 Yes Yes Yes Yes 


Unknown wreck; 15.5 x 5 x ht 0.6 m, 


Minimum WD 24.7 m LAT; Wreck found 10 m 


N of database location (Contacts S_0022, 


M_0651).S_S_M_M_ 


2060
(1)


 588397 5827503 Yes Yes Yes No 


Unknown; 14.3 x 10.4 x ht 2.3 m; minimum 


WD 20.4 m LAT; located 9 m S of database 


position (Contact S_0043, 


M_0058).S_S_M_M_ 


2077
(1)


 578530 5833623 Yes Yes Yes Yes 


"Salland"; Dutch cargo vessel, sunk 1953; 47 


x 13.8 x ht 0.6 m; minimum WD 24.5 m LAT; 


located 127 m SW of database position 


(Contacts S_0027, M_0885).S_S_M_M_ 


2118
(2)


 592677 5846416 Yes Yes No No 
Unknown; 1 x 1 x 0.7 m; unknown WD 


(outside of MBES limit; Contact S_0136) 


2288
(2)


 588627 5837948 Yes Yes Yes Yes 


Unknown; 7.9 x 1.1 x ht 0 m; minimum WD 


22.3 m LAT;  spread over 300 x 100 m; no 


database position (Contact S_0015, 


M_0275). 


2051
(2)


 589300 5826957 No No No No 
“Eton”; not detected by survey but listed in 


database. 


2078
(2)


 580190 5833907 No No No No 
Unknown; not detected by survey but listed in 


database 
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NCN 
Easting


(1)
  


[m] 


Northing
(1)


  


[m] 


Detected on 
Description 


(3)
 


MAG SSS MBES SBP 


2082
(2)


 581063 5835778 No No No No 
Unknown; not detected by survey but listed in 


database 


2086
(2)


 581030 5837630 No No No No 
Unknown; not detected by survey but listed in 


database 


2126
(2)


 588682 5850747 No No No No 
Unknown; not detected by survey but listed in 


database 


2545
(2)


 586710 5837740 No No No No 
Unknown; not detected by survey but listed in 


database 


25000
(2)


 582198 5841135 No No No No 
Unknown; not detected by survey but listed in 


database 


Notes: 
(1)


 As found position (MBES), ETRS89, UTM31N. Positions are as found positions.  
(2)


 Wrecks that are featured in the database but were not detected during the survey are listed with database positions. 
(3) 


Information based on survey observations, background information (Ref. 6) and archaeological desk study (Ref.12) 


 


 


Wreck database locations are seldom reliable as often their final positions are last known or mayday 


positions instead of the actual seabed position. These positions are also often derived from less 


accurate positioning systems. The as found positions of the wrecks detected during this survey were 


confirmed by different sensors (SSS, MBES, MAG, SBP) and therefore can be considered to be 


confident. 


In the SBP data, four of the six detected wrecks were also observed. They appear as small reliefs with 


associated depression on the seabed, with in some cases diffraction hyperbolas below.  


SSS, MBES and SBP data examples as well as magnetic anomalies detected nearby the wrecks are 


shown in Figure 2.21 to Figure 2.36 below. 


 


Figure 2.21: Bathymetry of unknown wreck NCN 2065 
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Figure 2.22: Current-orientated bathymetry profile showing wreck NCN 2065 and the resulting 


seabed depression. 


 


Figure 2.23: SSS image depicting unknown wreck NCN 2065. 


 


 


Figure 2.24: Magnetic anomaly (M_ 0651) of unknown wreck (NCN 2065), correlating with SSS 


contact S_ 0022. 
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Figure 2.25: SBP data on line V5-P0600_3 of unknown wreck (NCN 2065) 


 


 


 


Figure 2.26: Bathymetry of Norwegian cargo vessel “Sirabuen”, sunk 1956 (NCN 2117), 


correlating with SSS contact S_ 0018. 
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Figure 2.27: SSS image of Norwegian cargo vessel “Sirabuen” (S_0018), sunk 1956 (NCN 2117) 


 


 


Figure 2.28: SBP data on line V5-S1000_1 depicting scour depression north-west of the 


Norwegian cargo vessel “Sirabuen” ( S_0018), sunk 1956 (NCN 2117) 
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Figure 2.29: Bathymetry of unknown broken wreck NCN 2060, partially covered with sand. 


 


 


Figure 2.30: SSS image depicting unknown broken wreck (NCN 2060), partially covered with 


sand (S_ 0043). 
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Figure 2.31: Magnetic anomaly (M_ 0058) at unknown wreck (NCN 2060), correlating with SSS 


contact S_ 0043. 


 


 


Figure 2.32: Bathymetry of the wreck of “Salland” (NCN 2077), correlating with SSS contact S_ 


0027 and MAG contact M_ 0885. 


 


 


Figure 2.33: Current-oriented bathymetry profile across wreck “Salland” (NCN 2077) showing 


the wreck and the resulting seabed depression. The wreck is mentioned twice because the 


profile crosses the wreck at two locations. 
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Figure 2.34: SSS image depicting wreck of “Salland”, S_0027 (NCN 2077). 


 


 


Figure 2.35: Magnetic anomaly (M_0885) at wreck of “Salland” (NCN 2077), correlating with SSS 


contact S_0027. 
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Figure 2.36: SBP data on line V5-P3900_1 at wreck of “Salland” (NCN 2077). 


 


 


Figure 2.37: SSS image depicting unknown wreck (NCN 2118), SSS contact S_0136 correlating 


with MAG contact M_1445. 
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Figure 2.38: Magnetic anomaly (M_1445) at unknown wreck (NCN 2118), correlating with SSS 


contact S_0136. 


 


 


Figure 2.39: Bathymetry of the unknown wreck (NCN 2288), correlating with SSS contact S_ 


0015 and MAG contact M_ 0275. 


 


 


Figure 2.40: Current-oriented bathymetry profile across unknown wreck (NCN 2288) showing 


the wreck and the resulting seabed depression. 
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Figure 2.41: SBP data on lines V5-S3900_1 and V5-S3900_2 across the unknown wreck (NCN 


2288). 


 


 


Figure 2.42: SSS image depicting unknown wreck (NCN 2288), SSS contact S_0015 correlating 


with MAG contact M_0275. 


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page 35 of 117 


 


Figure 2.43: Magnetic anomaly (M_0275) at unknown wreck (NCN 2288), correlating with SSS 


contact S_0015. 


 


2.4.2 Pipelines and Cables 


Nine cables and four pipelines were detected in the HKN WFZ as presented in Table 2.6 and Table 


2.7, which represent all of the cables and pipelines in the database. In addition, several aligned 


magnetometer targets were observed in the south-west, which may represent a potential unknown 


cable.  


The database and as-found locations of the pipelines and cables are plotted in the Contact Charts in 


Appendix E (from chart 17 to chart 23), as well as on the Geohazard Chart, Appendix H (chart 55 and 


56).  
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Table 2.6: Cables located in the HKN WFZ 


Cable Name MAG SSS MBES As-found position 


Atlantic Crossing 1 Seg B1 (in service) YES NO NO Observed by magnetometer data to be up to 50 m offset with respect to the provided database position 


Atlantic Crossing 1 Seg B2 (in service) YES NO NO 
Observed by magnetometer data to be up to 2 spectrum0 m offset with respect to the provided database 
position 


Pangea South Seg 2 (in service) YES NO NO Observed by magnetometer data to be up to 120 m offset with respect to the provided database position 


Rembrandt 1 (out of service) YES NO NO Observed by magnetometer data to be up to 20 m offset with respect to the provided database position 


Rioja 3 (out of service) YES NO NO Observed by magnetometer data to be up to 15 m offset with respect to the provided database position 


TAT 14 Seg J (in service) YES NO NO Observed by magnetometer data to be up to 15 m offset with respect to the provided database position 


UK – Netherlands 10 (in service) YES NO NO Observed by magnetometer data to be up to 120 m offset with respect to the provided database position 


UK – Netherlands 14 (in service) YES NO NO Observed by magnetometer data to be up to 90 m offset with respect to the provided database position 


Prinses Amalia Windparken (vh Q7-WP) (in service) YES NO YES Observed by magnetometer data to be up to 10 m offset with respect to the provided database position 


Unknown linear objects YES NO NO Observed by magnetometer data, no database equivalent 


Notes: 


Please note that the magnetometer data have a positioning accuracy of approximately 1-3 m 


 


Table 2.7: Pipelines located in the HKN WFZ 


Pipeline Name MAG SSS MBES As-found position 


Helm to IJmuiden 20 inch oil pipeline YES YES YES 
Observed by magnetometer data to be up to 10 m offset with respect to the provided database position.  
Where the pipe is exposed it is visible in MBES and SSS data, showing an offset of up to 2.5m with respect to the 
database source. 


Q4-B to Q4-A 12 inch gas flexible YES YES YES 
Observed by magnetometer data to be up to 5 m offset with respect to the provided database position. North of the 
Q4-B platform the gas flexible is exposed at the seabed and visible in the MBES and SSS data 


Q4-C to Wijk aan Zee 10.7 inch gas pipeline YES NO NO Observed by magnetometer data to be up to 5 m offset with respect to the provided database position 


Q4-A to P6-A 14 inch gas pipeline NO YES YES 
Observed north of the Q4-A platform by MBES/SSS data to be up to 5 m offset with respect to the provided 
database position 


Notes: 


Please note that the magnetometer data have a positioning accuracy of approximately 1-3 m 
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2.4.3 Debris 


Fifty-eight debris targets were observed in the HKN WFZ, with 26 significant ones having 5 m or more 


in length or 0.5 m or more in height. Two of these debris targets are linear debris. 


Significant debris contacts are presented in Table 2.8 and all debris are shown on the Contact Charts 


in Appendix E (from chart 17 to chart 23).  


Four contacts interpreted as debris correlate with SR92 numbers of the Periplus desktop study: 


S_0010 (SR92 13436), S_0011 (SR 92 13436), S_0012 (SR92 13435) and S_0063 (SR92 13588). 


Table 2.8: Significant Debris (ETRS89, UTM Zone 31 N) 


SSS ID Description Measurement Easting Northing 


S_0001  linear debris 17 x 1 x ht 0.1 m 588773 5830527 


S_0010 debris 1 x 1 x ht 0.5 m 592700 5846422 


S_0011 debris 1 x 1 x ht 0.7 m 592692 5846424 


S_0012  debris  1 x 1 x ht 0.5 m                                                          592700 5846241 


S_0017  debris  1 x 1 x ht 0.5 m                                                            589571 5845416 


S_0019  debris  1 x 1 x ht 0.5 m                                                        589486 5847578 


S_0021  debris 10 x 1 ht 0.3 m 587094 5847291 


S_0023  debris  2 x 1 x ht 0.5 m                                                             587566 5851129 


S_0029  debris  1 x 1 x ht 0.5 m 591692 5843466 


S_0035  debris  25 x 3 x ht 0.5 m 586040 5833185 


S_0038  debris  6 x 1 x ht 0.2 m 579907 5838872 


S_0046  debris  13 x 1 x ht 0.6 m                                                                                                           591049 5840798 


S_0076  
debris (ferromagnetic man-made object possibly related 
to former Wintershall borehole) 6 x 2 x ht 1.5 m                                        588825 5843142 


S_0078  debris  4 x 3 x ht 1.3 m                                                                      585770 5834462 


S_0081  debris  2 x 1 x ht 1 m                                                                                                                 589615 5844048 


S_0087  debris  2 x 1 x ht 1 m                                                                                                                           591715 5847011 


S_0089  debris  3 x 2 x ht 1 m                                                             588769 5839541 


S_0095 debris  1 x 1 x ht 0.5 m                                                                588366 5837921 


S_0098  debris  1 x 1 x ht 0.6 m                                                                        590877 5843958 


S_0099  field of debris 81 x 64 x ht 1.2 m                                                               588436 5837793 


S_0105  debris  2 x 1 x ht 0.5 m                                                                      591810 5844311 


S_0106  debris  3 x 1 x ht 0.5 m                                                             586437 5829869 


S_0109  debris  3 x 2 x ht 1.1 m                                                            586582 5830104 


S_0110  debris  5 x 2 x ht 0.4 m                                                              579971 5839026 


S_0116  debris  8 x 1 x ht 0 m                                                                583018 5839149 


S_0121  debris  6 x 1 x ht 0.4 m                                                          581069 5831192 


S_0131  linear debris 5 x 1 x ht 0.5 m 586424 5829880 


 


A SSS and MBES data example of a field of debris (S_0099, M_0297) is presented in Figure 2.44, 


with associated magnetic anomaly in Figure 2.45. The field of debris consists of several elongated 


objects, potentially dumped 20 inch pipeline segments. 
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Figure 2.44: SSS waterfall image of S_0099 (left) and bathymetry (right) of the magnetic field of 


debris. 


 


 


Figure 2.45: Magnetic anomaly (M_0297) at the field of debris, correlating with SSS contact 


S_0099.  


 


Two items of debris were observed within the vicinity of the Q4-A platform. Two items of debris were 


observed within the vicinity of the Q4-B platform. Refer to Table 2.9 for details.  


Table 2.9: SSS Contacts identified around the platform areas 


SSS ID Description Measurement Easting [m] Northing [m] 


S_0132 Debris 2 x 2 x nmh 585474 5848378 


S_0133 Debris 2 x 0.4 x nmh 587805 5841548 


S_0134 Debris 4 x 0.5 x nmh 587821 5841556 


S_0135 Debris 1 x 0.2 x nmh 587810 5841557 
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2.4.4 Boulders 


Forty-seven boulders were observed in the HKN WFZ with 16 significant boulders of 0.5 m height and 


more. Significant boulders are presented in Table 2.10 and all boulders are shown on the Contact 


Charts in Appendix E (from chart 17 to chart 23). Contact S_0067 correlates with a contact of the 


Periplus desktop study (SR92 number 13406). 


Table 2.10: Significant Boulders (ETRS89, UTM Zone 31 N) 


SSS ID Description Measurement Easting [m] Northing [m] 


S_0002  boulder  4 x 4 x ht 0.8 m                                                     588696 5829034 


S_0005 boulder  3 x 1 x ht 0.5 m 591744 5843430 


S_0006  boulder  2 x 1 x ht 0.5 m 586391 5830023 


S_0007 boulder  2 x 2 x ht 0.5 m                                                       586273 5830717 


S_0056  boulder  2 x 2 x ht 0.5 m                                                       579451 5824586 


S_0064  boulder  1 x 1 x ht 0.5 m                                                        590902 5852496 


S_0067  boulder  1 x 1 x ht 0.6 m                                                          589520 5847935 


S_0085  boulder  1 x 1 x ht 0.8 m                                                          592747 5850182 


S_0086  boulder  1 x 1 x ht 0.5 m                                                         591049 5845755 


S_0088  boulder  1 x 1 x ht 0.8 m                                                           591007 5845330 


S_0101  boulder  1 x 1 x ht 0.6 m                                                        585216 5829345 


S_0107  boulder  1 x 1 x ht 0.5 m                                                             588009 5833507 


S_0111  boulder  1 x 1 x ht 0.5 m                                                             577691 5832668 


S_0115  boulder  1 x 1 x ht 0.5 m 581235 5834291 


S_0126  boulder  1 x 1 x ht 0.5 m 579669 5824735 


S_0130  boulder  1 x 1 x ht 0.5 m 586446 5829868 


 


2.4.5 Previous Jack Up Rig Location 


A previous jack up drilling location was identified by three spud can impressions in the north-east of 


the HKN WFZ, centred on 591820.91E / 5847731.29N. The wellhead has been removed, but the 


presence of casing was confirmed by magnetometer. MBES, SSS and magnetometer data examples 


are presented in Figure 2.46 to Figure 2.51. 
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Figure 2.46: Jack up rig spud can impressions. 


 


 


Figure 2.47: Contact M_0303. Data example of high amplitude magnetic anomaly (1109 nT) 


correlated with spud can impressions.  
 


 


Figure 2.48: Magnetometer ribbon plot showing several magnetic anomalies at the three spud 


can impression locations (white circles).  
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2.4.6 Dredged Zones 


Three dredged zones were observed with two in the north-east and one in the south-east. The 


dredged zones in the north are 1.6 sq km and 6.1 sq km in size and belong to the Q5J sand mining 


area. Q5J is a sand mining area licensed until the 1
st
 of January 2036 and can be dredged to a depth 


of 8 m and a maxium dredge volume of 40 million m³. The actual height difference is approximately 5 


m and will fill up in time. The license owner is Hoogheemraadschap Hollands Noorderkwartier. The 


majority of sand (38.8 of 40 million m³) was mined in 2014 and 2015 and was used for the 


reinforcement of the Pettemer Zeewering. Since the construction activities have been completed and 


no maintenance is foreseen, it is unlikely that additional sand will be mined. 


The dredged zone in the south is 1.2 sq km large. It is licensed until 1
st
 of July 2019 and can be 


dredged to a maximum depth of 2 m. The area was dredged to that depth, but is already partially 


refilled. The license owner is Van Oord and the majority of sand was mined and used for the IJmuiden 


sluice replacement.  


The licenses of these sand mining areas will be withdrawn upon start of the wind farm installation. The 


dredged areas are classified as anthropogenic bedforms. 


The Holocene sediments in those areas are deeply dredged and within the largest of the three 


dredged zones the Holocene is absent and the sediments of the Upper Pleistocene are exposed at the 


seabed (Unit C, for details on the sub-surface please refers to section 3.2). Due to the chaotic 


structure of the seismic signal in the dredged areas a more reliable interpretation was not attainable, 


but it cannot be excluded that also the base of Unit C (H10) locally is eroded and the sediments of Unit 


D exposed at the seabed.  


SBP profiles across the three dredging areas are shown in Figure 2.49. 
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Figure 2.49: SBP Profiles across dredging areas  
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Several anomalous seabed features visible in the MBES and Backscatter/SSS data possibly related to 


dredging operations were identified in the southern Q5J dredging area (Figure 2.50). 


Generally the seabed in the survey area and across the dredged areas is covered by sandy sediments 


frequently overlying thin layers of CLAY. In the Q5J dredging area the Holocene sediments and 


potentially also the underlying CLAY were widely removed by the extraction activities down to 


sediments of the upper and mid Pleistocene. The anomalous features mentioned above and shown in 


Figure 2.50 may represent local areas where the CLAY has been exposed but not removed by 


dredging, so that it remains as residual shallow elevation on the seabed. Please note that this 


interpretation has not been verified by sampling but is based on acoustic anomalies only and hence 


has to be handled with caution. 


 


Figure 2.50: Seabed features interpreted to be related to dredging activities (dashed red line) 
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2.4.7 Trawl Scars 


A dense accumulation of distinct trawl scars indicating a high degree of fishing activity can be 


observed in the south-eastern part of the HKN WFZ. 70 trawl scars were identified exemplarily and are 


listed in Table 2.11. The trawl scars are S – N orientated and vary between 200 m and 1500 m in 


length (Figure 2.51). They were observed across a 12.4 km x 5 km area and feature depths of less 


than 0.1 m. Density reaches up to 8 trawl scars per 100 m perpendicular to the scar orientation. A 


SSS data example and the distribution of the areas with numerous trawl scars is presented in Figure 


2.51. Dark low relief patches observed in the SSS data are interpreted as fish shoal giving further 


evidence for high fishing activity. 


Table 2.11: List of Trawl Scars mapped as examples 


Contact ID Type 
Start Easting 


[m] 


Start Northing 


[m] 


End Easting 


[m] 


End Northing 


[m] 
Length [m] 


S_LF_0027 Trawl Scar 591314.49 5832997.57 591551.98 5833312.86 395.4 


S_LF_0028 Trawl Scar 591218.00 5832777.11 591600.85 5833333.31 676.3 


S_LF_0029 Trawl Scar 591070.23 5831440.81 591021.81 5831099.99 344.4 


S_LF_0030 Trawl Scar 591069.00 5831274.67 591095.40 5831478.22 205.4 


S_LF_0031 Trawl Scar 591481.93 5831648.90 590533.74 5830388.05 1578.1 


S_LF_0032 Trawl Scar 590519.59 5830333.78 591443.73 5831573.64 1547.2 


S_LF_0033 Trawl Scar 585994.86 5825950.75 586829.72 5825843.90 842.2 


S_LF_0034 Trawl Scar 588979.15 5825873.99 589980.95 5826072.58 1026.0 


S_LF_0035 Trawl Scar 589105.50 5826126.75 590203.58 5826247.02 1108.0 


S_LF_0036 Trawl Scar 587643.43 5830870.92 587731.61 5831860.85 994.2 


S_LF_0037 Trawl Scar 587696.10 5831082.93 587756.04 5831898.68 818.2 


S_LF_0038 Trawl Scar 590477.31 5831543.27 590594.62 5831759.85 246.6 


S_LF_0039 Trawl Scar 590390.06 5831267.94 590633.78 5831794.41 580.5 


S_LF_0040 Trawl Scar 590065.16 5834915.54 590141.92 5834584.72 340.6 


S_LF_0041 Trawl Scar 587978.12 5832171.82 587927.63 5831949.16 228.4 


S_LF_0042 Trawl Scar 587937.28 5832067.61 587890.25 5831848.24 224.6 


S_LF_0043 Trawl Scar 587739.76 5832036.35 587612.66 5831189.58 857.3 


S_LF_0044 Trawl Scar 587531.57 5830897.39 587686.43 5831873.50 988.7 


S_LF_0045 Trawl Scar 587403.43 5830626.51 587429.50 5831170.83 545.6 


S_LF_0046 Trawl Scar 587487.29 5831301.15 587414.81 5830645.18 660.2 


S_LF_0047 Trawl Scar 587425.00 5830658.83 587508.73 5831381.87 728.3 


S_LF_0048 Trawl Scar 587542.03 5831412.95 587442.57 5830649.13 770.7 


S_LF_0049 Trawl Scar 587498.64 5830966.45 587534.92 5831178.50 215.3 


S_LF_0050 Trawl Scar 587061.02 5830073.98 587085.94 5830294.28 221.8 


S_LF_0051 Trawl Scar 587093.06 5830225.53 587072.52 5830067.17 159.8 


S_LF_0052 Trawl Scar 587024.88 5830064.99 587046.23 5830306.92 243.0 


S_LF_0053 Trawl Scar 587012.50 5830014.59 587032.26 5830304.67 290.9 


S_LF_0054 Trawl Scar 588219.70 5834746.94 588238.91 5834074.36 673.2 


S_LF_0055 Trawl Scar 588258.02 5834083.94 588239.49 5834760.09 676.7 


S_LF_0056 Trawl Scar 587961.58 5834068.01 587884.09 5833614.11 460.6 


S_LF_0057 Trawl Scar 587977.11 5834017.33 587881.70 5833509.92 516.6 


S_LF_0058 Trawl Scar 587980.04 5833813.33 587946.44 5833612.67 203.5 
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Contact ID Type 
Start Easting 


[m] 


Start Northing 


[m] 


End Easting 


[m] 


End Northing 


[m] 
Length [m] 


S_LF_0059 Trawl Scar 588020.93 5833988.64 588032.19 5833702.78 286.2 


S_LF_0060 Trawl Scar 588223.19 5835309.87 588197.92 5836241.71 932.6 


S_LF_0061 Trawl Scar 588216.24 5836271.75 588239.90 5835336.25 936.3 


S_LF_0062 Trawl Scar 588368.95 5834736.29 588389.97 5834334.45 408.4 


S_LF_0063 Trawl Scar 588367.64 5834315.91 588331.05 5834621.00 308.6 


S_LF_0064 Trawl Scar 588374.94 5834569.83 588405.07 5834755.64 188.3 


S_LF_0065 Trawl Scar 588142.53 5833661.20 588180.64 5834220.73 561.1 


S_LF_0066 Trawl Scar 588071.63 5833703.38 588125.60 5834053.39 354.3 


S_LF_0067 Trawl Scar 588091.72 5833692.95 588144.28 5834086.89 397.6 


S_LF_0068 Trawl Scar 588235.41 5834061.04 588256.29 5833367.89 694.1 


S_LF_0069 Trawl Scar 588277.99 5833390.94 588254.91 5834071.72 681.5 


S_LF_0070 Trawl Scar 588229.14 5833821.28 588200.14 5833565.40 257.7 


S_LF_0071 Trawl Scar 588482.63 5834251.35 588534.24 5834579.96 332.8 


S_LF_0072 Trawl Scar 588513.94 5834330.58 588567.38 5834681.25 354.9 


S_LF_0073 Trawl Scar 588235.93 5835293.09 588234.97 5834770.24 523.0 


S_LF_0074 Trawl Scar 588252.82 5834778.69 588253.27 5835299.19 520.7 


S_LF_0075 Trawl Scar 587874.35 5834146.88 587848.95 5833779.92 368.0 


S_LF_0076 Trawl Scar 587857.45 5834142.24 587820.34 5833768.17 376.0 


S_LF_0077 Trawl Scar 587780.47 5834080.32 587790.32 5833672.39 408.3 


S_LF_0078 Trawl Scar 587761.19 5833681.76 587759.31 5833895.36 213.7 


S_LF_0079 Trawl Scar 587733.52 5833884.10 587735.36 5833593.96 290.9 


S_LF_0080 Trawl Scar 591442.06 5832878.66 591422.17 5833221.52 344.0 


S_LF_0081 Trawl Scar 591420.85 5832916.96 591404.40 5833119.60 203.5 


S_LF_0082 Trawl Scar 590235.23 5829817.90 589742.98 5828786.99 1142.9 


S_LF_0083 Trawl Scar 590186.47 5829676.31 589571.36 5828356.37 1457.2 


S_LF_0084 Trawl Scar 589536.25 5828328.68 589398.17 5828056.42 305.5 


S_LF_0085 Trawl Scar 591449.79 5832514.79 591470.22 5832116.56 399.2 


S_LF_0086 Trawl Scar 591465.00 5832034.40 591430.19 5832663.01 630.5 


S_LF_0087 Trawl Scar 591447.30 5832789.09 591450.27 5832508.29 280.9 


S_LF_0088 Trawl Scar 590517.91 5830330.10 590302.02 5829907.34 475.3 


S_LF_0089 Trawl Scar 590305.03 5829948.52 590527.29 5830378.97 485.4 


S_LF_0090 Trawl Scar 591473.79 5831993.39 591582.46 5831766.31 252.4 


S_LF_0091 Trawl Scar 591568.59 5831714.60 591458.05 5831991.52 298.3 


S_LF_0092 Trawl Scar 591450.93 5831595.44 591492.90 5831862.24 277.1 


S_LF_0093 Trawl Scar 591437.44 5831782.42 591399.22 5831591.69 194.6 


S_LF_0094 Trawl Scar 588645.60 5825590.47 589359.18 5825494.43 720.6 


S_LF_0095 Trawl Scar 589499.61 5825479.54 590102.86 5825068.38 762.5 


S_LF_0096 Trawl Scar 589865.79 5826182.45 590009.20 5826202.56 144.9 
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Figure 2.51: SSS image showing trawl scars on the seabed. The inset map to the right indicates 


the extension of the areas intensely covered with trawl scars. Darker almost circular shaped 


patches of increased reflectivity without acoustic shadow to the south are related to fish 


shoals (see Section 2.4.13). 


 


2.4.8 Linear Features 


In the northernmost, central and southernmost parts of the HKN WFZ 25 unknown linear elevated 


features between 50 m and 1500 m in length were observed with SSS. These features do not 


correspond to any cables or pipelines in the database.  Details are presented in Table 2.12 and on 


charts in Appendix E. Furthermore, one linear feature was identified in the vicinity of platform Q4-B 


(585466.92E / 5848389.43N), thus leading to a total number of 26 linear features in the HKN WFZ 


(Table 2.12). 


Table 2.12 Linear Elevated Features 


ContactID Type 


Start Easting 


[m] 


Start Northing 


[m] 


End Easting 


[m] 


End Northing 


[m] Length [m] 


S_LF_0001 Unknown 587096.08 5837311.27 587297.94 5838751.75 1457.1 


S_LF_0002 Unknown 591008.53 5845081.50 591009.78 5845054.60 26.9 


S_LF_0003 Unknown 590757.74 5844823.01 590747.16 5844799.89 25.4 


S_LF_0004 Unknown 590740.63 5844813.23 590733.33 5844784.83 29.3 


S_LF_0005 Unknown 586037.75 5833173.40 586045.43 5833198.57 26.3 


S_LF_0006 Unknown 590249.36 5851578.85 590536.02 5852875.30 1328.7 
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ContactID Type 


Start Easting 


[m] 


Start Northing 


[m] 


End Easting 


[m] 


End Northing 


[m] Length [m] 


S_LF_0007 Unknown 579908.64 5838879.74 579907.50 5838873.55 6.3 


S_LF_0008 Unknown 579912.25 5838887.15 579910.45 5838878.12 9.2 


S_LF_0009 Unknown 590826.49 5843484.37 590831.80 5843495.74 12.6 


S_LF_0010 Unknown 590790.61 5843494.71 590796.81 5843507.11 14.0 


S_LF_0011 Unknown 590831.95 5843574.44 590822.21 5843555.54 21.3 


S_LF_0012 Unknown 586774.18 5824873.74 586777.17 5824880.77 7.6 


S_LF_0013 Unknown 588770.13 5830518.09 588776.76 5830533.01 16.5 


S_LF_0014 Unknown 588883.38 5834157.16 588881.23 5834149.23 8.2 


S_LF_0015 Unknown 578631.44 5833794.01 578694.55 5833904.84 128.4 


S_LF_0016 Unknown 589972.71 5850029.86 589991.05 5850266.42 237.4 


S_LF_0017 Unknown 590171.71 5851123.87 590049.55 5850544.79 592.4 


S_LF_0018 Unknown 584661.61 5834770.40 584657.59 5834764.21 7.4 


S_LF_0019 Unknown 591548.61 5844264.92 591552.87 5844228.84 37.0 


S_LF_0020 Unknown 591560.56 5844383.76 591537.73 5844261.72 130.0 


S_LF_0021 Unknown 590268.30 5839077.75 590268.13 5839083.20 5.5 


S_LF_0022 Unknown 590642.53 5833280.18 590785.56 5833475.44 243.6 


S_LF_0023 Unknown 588153.02 5842622.05 588158.50 5842651.75 30.7 


S_LF_0024 Unknown 586446.30 5828083.14 586507.75 5828377.96 301.7 


S_LF_0025 Unknown 586432.03 5828001.45 586376.70 5827701.29 306.2 


S_LF_0026 


Unknown;  


Platform  585466.92 5848389.43 585439.01 5848330.52 66.1 


 


2.4.9 Scouring, pockmarks and other seabed depressions 


Near the wreck of the vessel “Sirabuen” (see section 2.4.1 and Figure 2.26), a scour depression was 


detected, resulting in a change in WD of approximately 1 m compared to the surrounding area. 


Scouring was observed around the platform legs with a depth of 1.6 m around the north-west leg and 


approx. 1 m depth at the mid-centre leg (see Figure 2.57 and Figure 2.58).  


Along the Helm to Ijmuiden 20 inch oil pipeline, several scour depressions of approx.0.5 m depth 


related to the pipeline were identified as shown in Figure 2.52. 


Another depressions (140 m x 30 m and 0.5m depth) was seen approximately 50 m north of the field 


of debris (S_0099, M_0297) (see section 2.4.1) as shown in Figure 2.53.  


In the MBES and SSS data no evidence for other seabed depressions or pockmarks was seen. The 


SSS water column was additionally analysed in waterfall display for any evidence of gas plumes but 


no indication was for gas escape was found in the acquired data. 
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Figure 2.52: Scour depressions along the Helm to Ijmuiden Pipeline  


 


  


Figure 2.53: Depression (dashed red line) north of field of debris. 
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2.4.10 Rock Dumps 


Four rock dumps area located within the HKN WFZ. One at the TAT 14 Seg J crossing with the Helm 


to IJmuiden pipeline (586700.7E / 5837732.7N). Another rock dump is located at the Atlantic Crossing 


1 Seg B2/Helm to IJmuiden 20 inch Oil Pipeline (588328.0E / 5834885.6N). A third one is located at 


the Q4-B to Q4A 12 inch gas flexible (588327E / 5834488.9N) and a fourth rock dump is located at the 


Q4-C to Wijk aan Zee 10.7 inch gas pipeline (587645.3E / 5851958.5N). MBES and SSS data 


examples are presented in Figure 2.54 and Figure 2.55. 


 


Figure 2.54: SSS (top) and bathymetry (bottom) images showing patches of rock dump at the 


intersection of Helm to Imuiden 20 inch oil pipeline and TAT 14 Seg J cable in the central HKN 


WFZ. 
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Figure 2.55 SSS and bathymetry images showing rock dump at the intersection of Helm to 


Imuiden 20 inch oil pipeline and Atlantic Crossing Segment B2 Cable. 


 


2.4.11 Platform Areas 


From December 2016 to January 2017 an annual Pipeline Inspection Survey around the Q4-A and 


Q4-B Platform located in the north-west and central part of the HKN WFZ, was carried out by Fugro. 


The platform locations are presented in Table 2.13 and photographs of the platforms are shown in 


Figure 2.56.  


The water depth in the vicinity of the Q4-A platform ranges between 23.2 m LAT and 25.8 m LAT. The 


water depth in the vicinity of the Q4-B platform ranges between 19.3 m LAT and 22.8 m LAT.  


Table 2.13: Platform Locations 


Platform Easting [m] Northing [m] 


Q4-A Platform 585458.18 5848424.97 


Q4-B Platform 587803.16 5841544.02 


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page 51 of 117 


 


Figure 2.56: Pictures of the Q4-A (left) and Q4-B (right) platforms located in the centre of the 


HKN WFZ. 


 


Around the Q4-A platform, the seabed is generally characterised by megaripples with a typical height 


of 0.2 m and sand waves, with heights of up to 2 m. Both are located in a WNW to ESE direction.  


The seabed around the Q4-B platform is also characterised by WNW to ESE orientated megaripples 


of 0.1 m – 0.2 m in height and sand waves. The platform is furthermore located approx. 1.5 km to the 


north-north-east of NNE-SSW orientated tidal sand ridges. Further information about bathymetry, 


seabed sediment classification and seabed features within the platform areas are given in the 


respective sections 2.2 to 2.4. 


One pipeline and one flexible to platform Q4B extend from the Q4-A platform. Details are provided in 


Table 2.14. 


Table 2.14: Pipelines and Cables around the platform areas 


From To Operator Size [inch] Type Product Platform Approach 


Q4-A P6-A Wintershall 14 Pipeline Gas North 


Q4-A Q4-B Wintershall 12 Flexible Gas South 
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Figure 2.57: Bathymetry around platform Q4-A (top) and profile A-B (bottom). 
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Figure 2.58: Bathymetry around platform Q4-A (top) and profile A-B (bottom). 
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2.4.12 Prinses Amalia Windparken 


The southern part of the HKN WFZ hosts the Prinses Amalia Windparken. It is a Dutch in-service wind 


farm and is operating since 2008, 60 wind turbines are located across an area of approximately 14 


km². 


Data coverage gaps in the SSS, MBES and Backscatter data to the west of the Prinses Amalia 


Windparken are cause by the requirement to maintain a safe distance from the existing wind park. 


Bathymetry contours and data interpretation are extrapolated across these gaps. 


2.4.13 Fish shoals 


Across the north-eastern and south-eastern parts of the HKN WFZ frequently high reflective spots with 


diameters between 5 m and 50 m were detected in the SSS data. An overview of the distribution of 


these features is given in Figure 2.59, and a detailed close-up is shown in Figure 2.60. 


 


Figure 2.59: SSS image to the NE of the HKN WFZ showing numerous dark spots potentially 
related to fish swarms. 


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page 55 of 117 


 


 


Figure 2.60: Close-up showing high reflective patches related to fish. The anomaly highlighted 


by the circle has been investigated in the waterfall display on two adjacent SSS lines 


(Figure 2.58 and Figure 2.59).  


 


The figures below show waterfall display images from two adjacent lines crossing the high reflective 


features detected in the mosaic (Figure 2.61 and Figure 2.62). Line v5-s2100a.0021 distinctly reveals 


several high reflective spots. These features are absent on the adjacent line v5-s22000 at the exact 


same position and hence most likely are related to fish and do not present a target on the seabed. 


None of these features show an acoustic shadow perpendicular to the nadir, the shape of these 


features is irregular (curved, tear-drop shaped or oblong) and of low contrast. Based on these 


observations the high reflective spots are interpreted to represent dense fish shoals. As an indication 


high fishing activity was observed during the survey period. 
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Figure 2.61: Waterfall Display of Line v5-s2100a.0021, north-ward heading, showing several 


dark spots without acoustic shadow projecting away from the nadir. This line was surveyed on 


13 August at 7:40. 


 


 


Figure 2.62: Waterfall display of line v5-s2200, south-ward heading. At the corresponding 


position (indicated by arrow) no features were observed. This line was surveyed on 13 August 


at 15:46. 


 


None of these features were visible in the MBES data giving evidence that these acoustic anomalies 


detected in the SSS and Backscatter data are no seabed features. 
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2.4.14 Cleared UXO  


The REASeuro UXO desk study (Ref. 13) gives detailed information about WW-related activities 


around the HKN WFZ based on several different national archives and research facilities. The desk 


study shows that within the HKN WFZ three UXO objects have been detected and cleared in the past: 


An artillery shell at 589536E /, 5843980N (REASeuro object ID 23), an aerial bomb at 586478E /, 


5827444N (REASeuro object ID 20) and a depth charge at E584085 / N5840809 (REASeuro object ID 


19). Furthermore, the HKN WFZ is located within areas of British offensive minelaying, German WW2 


minefields and German shipping lanes off the Dutch coast, which is why there is a high potential of 


previously undetected UXO objects in the HKN WFZ (for further information refer to Ref. 13). 
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3. SURVEY RESULTS - GEOLOGY 


3.1 Regional Geology Overview 


The Southern North Sea is a sedimentary basin that was dominated by rifting during most of its early 


evolution. This started during the Triassic, and culminated in the Jurassic and Early Cretaceous with 


an extensional tectonic phase, related to the opening of the Atlantic Ocean. A post-rift sag phase from 


Late Cretaceous to Present, mostly characterised by tectonic quiescence and subsidence of the basin, 


with the exception of a few compressional tectonic pulses during the Late Cretaceous and Tertiary 


followed the rifting phase. During the sag phase thick sedimentary mega-sequences accumulated in 


the basin. The last significant regional tectonic pulse was during the Mid-Miocene, resulting in a 


significant unconformity (Ref. 7). 


A complex fan delta system developed at the end of the Miocene, associated with pro-delta deposits, 


and gradually evolved into a fluvial delta and an alluvial plain prograding over the Mid-Miocene 


unconformity towards the west. An overall gradual uplift of the area took place over time (Ref. 7).  


In the Pleistocene (last 2 million years), fluctuations in eustatic sea level together with tectonic 


movements and shifting depocentres resulted in regressive and transgressive deposits. The changes 


in ice volume during glacial and interglacial phases led to global changes in sea-level, which affected 


coastline configuration, as well as the location and the type of sediments accumulated (Ref. 2). This 


results in different depositional environments changing laterally and vertically (heterotopy), from 


shallow marine to fluvio-glacial and fluvio-deltaic. 


Three major glacial events affected the Dutch sector of the North Sea (see Figure 3.1). During the first 


of these glacial events, the Elsterian Glaciation, 424-478 ky ago (see Figure 3.1 orange line), 


Scandinavian and British ice masses coalesced and spread over most of the Dutch sector, completely 


changing the sedimentary conditions. Sediments generally consist of planar deposits of glacial clays 


and sandy outwash, while within the channels a chaotic, coarse basal fill is overlain by laminated, 


clayey, lacustrine deposits with clayey and sandy deposits related to the transgression of the next 


interglacial. The following (Holsteinian) and subsequent transgressions resulted in sheets of marine 


transgression sands with some clays near the transgression limits over much of the Dutch sector 


(374–424 ky ago).  


During the Saalian Glaciation, 130-200 ky ago (see Figure 3.1, green line), the Scandinavian ice 


arrived to the eastern part of the Dutch sector where tills, glacial clays, sands and gravel were laid 


down. The next interglacial events (Eemian) lead to the deposition of transgressive sands, followed by 


sheet-like clays deposited in the remnants depressions of glacial-conditioned seabed morphology 


(115-130 ky ago). 


During the last major glacial period, the Weichselian, 12-71 ky ago (see Figure 3.1, blue line), the ice 


covered the NW of the Netherlands North Sea sector resulting in mainly clayey, sandy and gravelly 


glacial deposits and some glacial channels. Elsewhere, outside the ice limit, discontinuous wind-blown 


sands and fluvial channel-fills may be found. The fill of these glacial and fluvial channels, large and 


small, may contain dispersed biogenic gas.  
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During the present Holocene interglacial the Dutch sector was inundated, resulting in scattered, thin, 


muddy, lagoonal and tidal flat deposits overlain in most places by transgressive sand sheets at the 


seabed. In the southern part of the North Sea, sand was and is still transported by tidal currents 


towards the north, elsewhere seabed sands consist of reworked glacial sand (Ref. 7). 


Located in the southern part of the North Sea, the study area may have been influenced by glaciation, 


the Saalian in particular.  


 


Figure 3.1: Maximum extent of the major glacial episodes in the North Sea (modified from 


Ref. 8)
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3.2 Local Geology Overview 


The interpretation of sub-surface was based on multichannel ultra high resolution seismic (MC-


2DUHRS), single channel ultra high resolution seismic (SC-UHRS) and sub-bottom profiler (SBP) 


data. Seismic data were integrated with eight boreholes from Periplus (Ref. 22) and Fugro as detailed 


in Table 2.8.   


Furthermore two tie lines were acquired to two boreholes, Q4-10BH and B2Q4, located in a distance 


from 2.2 km to 2.7 km west of the HKN Wind Farm Zone. The Q4-10BH borehole is with an offset of 


approximately 1 km from the line and the B2Q4 borehole with an offset of approximately 20 m from the 


line.  


The geological model and the identified seismostratigraphic units presented in this report will be 


verified and refined, where required, upon further geotechnical data acquisition, interpretation and 


integration. Geophysical interpretation is primarily a seismo-acoustic interpretation with very limited 


lithological support from the existing boreholes. Lithological descriptions are tentative until confirmed 


by ground investigations.  


This section should be read in conjunction with the Geological Charts and Geological Profiles in 


Appendix F and Appendix G respectively.  


Table 3.1: Existing Fugro boreholes used in this survey  


BH name 
from 


Periplus 
data base 


BH name 
from 


Fugro 
Reports 


Easting [m] Northing [m] 
Closest line and 


distance 
Reference number 


BQ040044 B2Q4 583322 5852654 
V5-X-P11500 


950 m NE  Ref. 15, Figure 3.3 


BQ040045 B1Q4 584347 5851869 
V5-X-P11500 


20 m NE Ref. 15 


BQ040138 Q4-B2 587818 5841527 
V5-X-P3000WA 


680 m E Ref. 16, Figure 3.2 


BQ040139 Q4-10 BH 586584 5853733 
V5-X-P14500 


1060 m E Ref. 14  


BQ040144  Q4-8_BH 588824 5843138 
V5-X-P5000A 


120 m S Ref. 17 


BQ040147  Q4-H2             585443 5848428 
V5-P2700S 


660 m S Ref. 18 


BQ040148  Q4-HII 585452 5848424 
V5-P2700S 


660 m S Ref. 19 


BQ040149 Q4-B1 587781 5841550 
V5-X-P3000WA 


640 m E Ref. 16 


 


Five units have been identified and interpreted on the HKN WFZ as follows: 


 Unit A: Holocene - Southern Bight Formation (Bligh Bank Member) 


 Unit B: Upper Pleistocene - Naaldwijk Formation (Wormer Member and Velsen Bed)  


 Unit C: Upper Pleistocene - of Kreftenheye and Boxtel Formations 


 Unit D: Lower to Middle Pleistocene - Yarmouth Roads Formation 


 Unit E: Lower to Middle Pleistocene -  Winterton Shoal Formation 
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Detailed stratigraphy, especially around H10 surface, may include elements of the Eem, Drente, 


Drachten and Edgmon Ground Formations. These formations were not interpreted from the seismic 


dataset, but it may be possible to be recognized with the support of sample data. 


Overview of the identified units is provided in Table 3.2, sections through the HKN WFZ are presented 


in Figure 3.2 and Figure 3.3 and the interpretation on charts in Appendix F and Appendix G.  


Please note that in Figure 3.2 the borehole Q4-B2 presents several layers of peat that does not have a 


correspondent high amplitude layer (generally associated with peat). This can be related to a lack of 


acoustic contrast between sandy sediments and peat and/or to the presence of noise into the seismic 


data that can mask the presence of higher amplitude layers. 


The vertical scale in all data examples in this report are presented in two-way travel time (TWTT) in 


seconds below LAT. The vertical scale bar within images shows depth in metres, where conversion 


from time to depth in metres used a velocity in shallow soil of 1700 m/s. The applied conversion 


velocity provided good agreement between changes in seismic character and lithological changes in 


the available boreholes.  


The limit of the data interpretation was set at approximately 100 m bsb, as defined in the scope of 


work (Ref. 10). 
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Figure 3.2: MC-2DUHRS line V5-S2300SA and V5-S2300N, with stratigraphy from BH Q4-B2 (Ref. 16) 
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Figure 3.3: MC-2DUHRS line V5-X-P11500, with stratigraphy from BH B2Q4 (Ref. 15) 
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Table 3.2: Overview of units A to E  


Schematic Log 
Seismic 


units 


Reflectors Base of 
unit 


min/max 
depth in m 


LAT 
(1) 


Base of unit 
min/max 


depth in m 
below 


seabed 
(1) 


Geometry of 
the base of 


the unit 


Seismic 
signature 


Amplitude 
Distribution  


Continuity of 
internal reflectors 


Internal structure of 
the unit 


Indicative lithology
 (2)


 
Depositional 
Environment 


Formation Age 


Top  Base 


 


 


A Seabed H01 or H05 -20 to -29 0 to 12 
Uneven 
surface 


Transparent to 
semi-


transparent, 
locally some 


weak reflectors 


Generally low Low  
Controlled at the top 


by sand dune 
morphology 


Fine to coarse SAND 
with CLAY and SILT 


laminae, locally 
GRAVEL, sparse 


boulders 


Shallow 
marine 


Southern Bight (Bligh 
Bank Member) 


Holocene 


B H01 H05 -20 to -29 0 to 12 
Erosional 
surface 


Discontinuous 
internal 


reflectors 


Variable from  
low to high 


Medium to low  
Sheet-like deposit 
channelled at the 


base 


Very fine to medium 
SAND, locally CLAY 


levels and PEAT, 
possible boulders 


Coastal plain 
Naaldwijk (Wormer 


Member, Velsen Bed) 
Holocene  


C H05 H10 -23 to -64 4 to 38 
Erosional 
surface 


Discontinuous 
internal 


reflectors 


Variable from  
low to medium 


Discontinuous to 
transparent 


Complex 
configuration 


channelled at the 
base 


Fine to coarse SAND; 
GRAVEL and minor 


CLAY, possible 
boulders 


Fluvio – peri-
glacial  


environment 


Kreftenheye and 
Boxtel 


Upper 
Pleistocene 


D H10 
Not 


interpreted 
Approx.  
-60 to -70  


N/A 
Not 


detectable 
Highly 


discontinuous 
Variable from  


low to high 
Low 


Complex 
configuration 


Fine to coarse SAND 
with local CLAY and 


SILT, possible boulders 
and occasional 
clay/peat beds 


Fluvial Yarmouth Roads 
Lower to 
Middle 


Pleistocene 


E 
Not 


interpreted 
N/A N/A N/A Not visible  


Discontinuous to 
transparent, 


some continuous 
reflectors 


Variable from  
low to high 


Generally Low, 
some continuous 
internal reflectors 


Sheet-like deposit 
Fine to coarse SAND 


with CLAY intercalation 
Fluvio - 
deltaic 


Winterton Shoal  
Lower to 
Middle 


Pleistocene 


Notes: 


1. Derived from Ref. 2 , Fugro Reports (Ref 14 to 19) and public domain data   


2. Lithology tied to available borehole data (Table 3.1) 


3. N/A = Not Applicable
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3.2.1 Local Stratigraphy  


Holocene – Unit A and B 


Holocene is represented by the Southern Bight Formation (Bligh Bank Member) - Unit A and the 


Naaldwijk Formation - Unit B. The interpretation is presented on charts in Appendix F, Appendix G and 


Appendix H. 


The depth to the base of Holocene sediments is presented on Geological Charts, Appendix F (from 


chart 31 to chart 34). SBP data examples are presented in Figure 3.4, Figure 3.5 and Figure 3.6. 


UNIT A (Seabed to H01/H05) 


Shallow marine Holocene sediments of the Southern Bight Fm. (Bligh Bank Member) comprise fine to 


coarse sand, clay and silt laminae, locally gravel and occasional boulders on the seabed.  Generally it 


shows a semi-transparent/structureless seismic aspect, with few and local weak internal reflections. 


Unit A is present throughout the entire HKN WFZ, with the exception one large dredged area in the 


north-eastern sector (described in section 2.4.6). Here, the surficial sediments of this unit were 


excavated by the dredging activities, exposing the older Pleistocene deposits. There are two other 


dredging areas, one in the south-eastern and one in the northernmost part of the HKN WFZ, but none 


of these is deep enough to cut the base of Holocene sediments. 


The base of Unit A lies generally between less than 1 m to 4 m below seabed, but it reaches a 


maximum depth of approximately 12 m below an elongated ridge in the south-eastern part of the HKN 


WFZ. 


Unit B (H01 to H05) 


The Naaldwijk Fm. was deposited within the palaeochannels that can be present within the coastal 


plain. It is generally characterized by high amplitude internal reflections, alternated with weaker ones 


or semi-transparent intervals. The base of this unit shows generally high amplitudes.  


Unit B occurs in the southern part of the HKN WFZ only, and comprises very fine to medium sand, 


locally clay laminae (Wormer member) and peat layers (Velsen Bed and “basal peat”, see also section 


4.2.5).  


Unit B varies in thickness from less than 0.5 m to a maximum of approximately 7 m (see Figure 3.7).  
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Figure 3.4: SBP data example on line V5-P0800_1 
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Figure 3.5: SBP data example on line V5-X-S11000_2 
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Figure 3.6: SBP data example on line V5S6700_2. 
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Figure 3.7: Thickness (from H01 to H05) of the Naaldwijk Fm. (in metres)  
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Upper Pleistocene - UNIT C (H05 to H10)  


The Upper Pleistocene is represented by the Kreftenheye and Boxtel Fm. - Unit C. These formations 


were interpreted together due to the similar depositional environment and similar lithological 


composition. The seismic data resolution does not permit to distinguish a clear limit between these two 


formations; the present geological model and the identified seismostratigraphic units will be verified 


and refined, where required, upon further geotechnical data acquisition, interpretation and integration. 


Unit C was deposited in a fluvio-periglacial environment and comprises fine to coarse sand, gravel, 


minor clay and possible boulders. Erosional surfaces were observed within these deposits with 


numerous palaeochannels at the base. The lateral sediments heterotopy within the Upper Pleistocene 


deposits could impact turbine installation, caution is recommended. 


The seismic signature of Unit C is characterized by low to medium amplitude, with generally 


discontinuous internal reflection, and areas with more transparent seismic facies (see Figure 3.8 and 


Figure 3.9). The base of this unit, showing amplitudes varying from low to high, is not always 


detectable due to the complex seismic structure that may introduce noise into the data and a possible 


lack of acoustic contrast with the sediments of the unit underneath.   


Some possible boulders were interpreted to be present within this unit, for more details see section 


4.2.2. 


Upper Pleistocene sediments are present within the entire HKN WFZ, with the exception of a zone in 


the northeastern part of the HKN WFZ, corresponding with the large dredged area described in 


section 2.4.6. In this area the base of Unit C was not detected, possibly due to rough micro 


morphology on the seabed that scatters the seismic signal. It is also possible that the dredging 


activities excavated all the Unit C as well as the uppermost Unit A, exposing directly on the seabed the 


sediments of Unit D. Unfortunately, the chaotic structure / masking zone of the seismic signal in this 


area does not allow a more reliable interpretation.  


The interpretation of the Upper Pleistocene sediments and palaeochannels is presented on charts in 


Appendix F, Appendix G and Appendix H.   


The base of Upper Pleistocene sediments is Horizon H10, and its depth ranges between 23 m and 


64 m LAT (4 m to 38 m bsb). The depth to the base of Unit C is presented on Geological Charts, 


Appendix F (from chart 35 to chart 38).  


Lower to Middle Pleistocene – UNIT D and E (below H10)  


UNIT D 


The Yarmouth Roads Formation was deposited in a fluvial environment and comprises fine to coarse 


sand with local clay and silt, possible boulders in the upper part and occasional clay/peat beds. The 


presence of peat within these deposits it is confirmed by the existing BHs present in the area (in.ex. 


BH Q4-B2).  
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This unit is seismically characterized by low to medium amplitude internal horizons, with a complex 


internal configuration due to numerous overlapping phases of channel cut and fills. The lateral 


sediments heterotopy within the Yarmouth Roads Fm. could impact turbine installation, caution is 


recommended. 


The uppermost part of the Yarmouth Roads Fm. may have been subject to glacial deformation during 


the Saalian period (see also section 4.2.4). The top of this unit, in particular in the northern part of the 


HKN WFZ, it is cut by several deep palaeochannels NE-SW oriented, that could be associated with ice 


plough scars, subglacial fluvial channels (tunnel valleys) or periglacial fluvial channels (see section 


4.2.1).  


An internal horizon (H15) was followed within this unit, and interpreted as a downlap surface. This 


surface have a discontinuous lateral extent that can be related to the complex depositional 


environment, but also to the presence of the first seabed multiple residuals at comparable depths. 


Below H15, the presence of dipping noise masks the low amplitude reflections of the internal structure 


of the unit. 


MC-2DUHRS data examples are presented in Figure 3.8 and Figure 3.9. 


UNIT E  


The Winterton Shoal Formation was deposited in a fluvio-deltaic environment and comprises fine to 


coarse sand with clay intercalations. It is characterized by semi-transparent low amplitude intervals, 


with isolated high amplitude horizons. 


The limit with the Yarmouth Roads Fm., as per Ref. 2, should lay at a depth of approximately 70-90 m 


below the seabed, but it was not detected on the acquired data, even if represent a potentially 


significant time gap, probably due to a lack of acoustic impedance contrast.  


Horizon H20, showing high amplitude and normal polarity, it is associated to one of the internal clay 


beds present within the Winterton Shoal Formation. Its depth ranges between -67 m and -109 m LAT 


(42 m to 86 m bsb). The depth to Horizon H20 is presented on Geological Charts, Appendix F (from 


chart 39 to chart 42). 


MC-2DUHRS data examples are presented in Figure 3.8 and Figure 3.9. 


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page 72 of 117 


 


Figure 3.8: MC-2DUHRS Line V5-X-P8000 – vertical scale in metres converted from time to depth with a velocity of 1700 m/s 
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Figure 3.9: MC-2DUHRS Line V5-X-S6500A 
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4. INSTALLATION CONSIDERATIONS 


4.1 Hazards summary 


This section summarizes the potential seabed hazards and subsurface geohazards to engineering 


work identified on the geophysical data across the HKN WFZ. The results are also presented in the 


Geohazard Charts (chart 56 and 57), Appendix H. 


 


The following main geohazards were identified: 


 Existing infrastructure, cable, wrecks, pipeline:  


o Wrecks (section 2.4.1): five (5) wrecks were identified, two of them listed in the 


database and three unknown. 


o Cables / Pipelines (section 2.4.2): nine (9) cables and four (4) pipelines listed in the 


database were identified in the HKN WFZ. One unknown linear object, not 


corresponding to anything in the database, was identified. 


 


 Seabed hazards:  


o Sand waves (sections 2.1, 2.2, 2.3): Sand waves occur in the SW, central and N half 


of the site, exhibiting seabed gradients of up to 14.1°. 


o Debris and Boulders (sections 2.4.3, 2.4.4): 136 SSS contacts were observed, 


which 1x debris field, 27x significant debris and 11x significant boulders either 5 m 


and more in length or 0.5 m and more in height. 


o Spud can impressions (section 2.4.5): Three (3) SSS contacts were interpreted as 


the evidence of spud can locations of a rig site. 


o Dredged areas (section 2.4.6): Three dredged zones are located within the HKN 


WFZ: Two in the NE and one in the SE. 


o Rock dumps (section 2.4.10): Four (4) rock dumps are located within the HKN WFZ. 


o Seabed structures (sections 2.4.11, 2.4.12): Q-4B platform in the central part, Q4-A 


platform on the north-eastern boundary, Prinses Amalia Windparken in the south. 


 


 Sub-seabed geohazards 


o Palaeochannel Infills (section 4.2.1): Buried channels have been identified across 


the base of Unit B and Unit C. 


o Boulders (section 4.2.2): possible boulders were identified within Unit C and the 


uppermost part of Unit D 


o Peat layers (section 4.2.5) Peat layers were identified at the base of Unit B, and 


within Unit C and Unit D/E 


o Gas/Fluid Charged in sediments (section 4.2.6): seismic indications on seismic 


data of possible fluid pressure (liquid or gas) within the very near surface sediments 


within the sediment were observed within Unit A. 
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4.2 Sub-seabed Geohazards 


4.2.1 Palaeochannel Infill  


Palaeochannels have been interpreted at the base of the Holocene - Unit B, corresponding to 


Reflector H05 and the base of the Upper Pleistocene - Unit C, corresponding to the Reflector H10. 


The former set of palaeochannels occur predominantly in the southern part of the site, while the latter 


appear to occur predominantly further north.  


Channelling and palaeochannel infills are heterogeneous and indicate high spatial soil variability. They 


can pose an engineering hazard due to abrupt (lateral and vertical) changes in mechanical soil 


properties within short distances.  


Palaeochannels observed at the base of the Holocene sediments (H05) have a complex pattern, and 


are variable in size. Dominant orientation is ENE-WSW (see Figure 4.2). These channels show 


generally a sub-horizontal infill, with alternations of high and low amplitude internal reflections and 


areas with more transparent seismic facies, suggesting the presence of an alternation of coarse and 


fine sediments (i.e. sand, and clay). This channel system is interpreted to have been formed in a 


coastal environment, and the presence of reverse high amplitudes patches suggests the presence of 


potential peat, supporting this interpretation. 


The channel system observed at the base of Upper Pleistocene sediments (H10) shows fewer but 


deeper palaeochannels, with a more complex infill. The internal seismic aspect is chaotic, with minor 


erosional surfaces, cross stratified beddings and locally subparallel internal reflections (fine to coarse 


sand, gravel and minor clay). These palaeochannels have a main NE-SW direction, and could be 


related to ice plough scars, subglacial fluvial channels (tunnel valleys) or periglacial fluvial channels 


occurred during the Saalian glaciation period (see Figure 4.2).  


Below Horizon H10, the Yarmouth Roads Fm. is mostly composed by channel cut and fill deposits, so 


it is possible that vertical and lateral heterogeneity are present also within this unit. Moreover, this 


deposits may have been subject to glacial loading and therefore have a possibility of 


overconsolidation. Internal stress may be modulated by the channel cut and fill structure. 


Intrusive investigation is required to confirm the degree of heterogeneity across and within 


palaeochannel structures and may inform the development of the geological interpretation of the units.  


SBP and MC-2DUHRS data examples are presented in Figure 4.1 and the extent of the 


palaeochannels is presented in Figure 4.2. They are also mapped on the Geological Profiles in 


Appendix G (from chart 31 to chart 42) and on the Geohazards Chart in Appendix H 


(55_GH216_HKN_ GEOHAZARD_NU_20K_01, 56_GH216_HKN_ GEOHAZARD_NU_20K_02).  
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Figure 4.1: SBP and MC-2DUHRS data examples of palaeochannels. 
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Figure 4.2: Palaeochannel on H05 and H10  
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4.2.2 Boulders 


Boulders have been interpreted throughout the HKN WFZ within the Holocene - Unit A, in the Upper 


Pleistocene - Unit C and the lower to middle Pleistocene - Unit D.  


Boulders at seabed were interpreted based on the SSS data, and are listed in Appendix A.  Boulders 


reconnaissance into Unit C and D was performed on the MC-2DUHRS lines before migration 


(unmigrated), in order to identify the diffractions generated by terminating horizon and/or point object. 


The SC-UHRS lines were cross checked with the MC-2DUHRS lines, but no correspondence with 


identified boulders were observed. Generally, SC-UHRS seismic data have higher frequencies and 


resolution, but the signal to noise ratio is minor compared to the MC-2DUHRS data, so they were 


considered unsuitable for the aim of boulder reconnaissance. 


The line spacing of the MC-2DUHRS lines is of 500 m for both the main and the cross lines, so every 


feature present between them was not detected. It should be also considered that the unmigrated 


lines can be affected by point diffractors located out of the plane of the section; so depths and 


coordinate location positions are indicative only.  


The detected hyperbola was verified against the migrated to exclude those generated by small 


palaeochannels or similar features. The remaining ones were interpreted as possible boulders, within 


fluvio-periglacial environment of Kreftenheye and Boxtel Fm. and Yarmouth Roads Formations (see 


Figure 4.3). For the complete listing of the detected hyperbola, see Table 4.1. 


It is recommended to consider that this methodology for boulder reconnaissance is highly speculative, 


and it is more likely to indicate that potential boulders can be encountered during sampling phases 


within Unit C and D. 


These features are mapped on the Geohazard Charts in Appendix H (55_GH216_HKN_ 


GEOHAZARD_NU_20K_01, 56_GH216_HKN_ GEOHAZARD_NU_20K_02). 
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Figure 4.3: MC-2DUHRS data example of boulders 


 


Table 4.1: Possible boulder coordinate listing  


Object ID  Easting [m] Northing [m] Latitude N Longitude E 


1 580010.51 5838194.12 52° 41' 15.92" N 4° 11' 1.40" E 


2 579982.94 5838125.07 52° 41' 13.70" N 4° 10' 59.88" E 


3 579938.87 5838012.83 52° 41' 10.09" N 4° 10' 57.43" E 


4 580610.96 5838304.49 52° 41' 19.17" N 4° 11' 33.47" E 


5 580549.40 5838147.30 52° 41' 14.11" N 4° 11' 30.06" E 


6 580528.14 5838093.10 52° 41' 12.37" N 4° 11' 28.88" E 


7 581021.34 5838033.35 52° 41' 10.17" N 4° 11' 55.09" E 


8 581630.93 5838168.95 52° 41' 14.23" N 4° 12' 27.67" E 


9 581392.98 5837554.07 52° 40' 54.47" N 4° 12' 14.45" E 


10 580826.58 5837539.77 52° 40' 54.31" N 4° 11' 44.28" E 


11 580731.50 5837294.10 52° 40' 46.41" N 4° 11' 39.00" E 


12 580667.57 5837136.78 52° 40' 41.35" N 4° 11' 35.46" E 


13 580544.98 5836821.37 52° 40' 31.21" N 4° 11' 28.65" E 


14 578822.03 5836488.07 52° 40' 21.34" N 4° 09' 56.65" E 


15 578753.80 5836307.30 52° 40' 15.53" N 4° 09' 52.86" E 


16 579227.19 5836205.24 52° 40' 11.98" N 4° 10' 17.97" E 
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Object ID  Easting [m] Northing [m] Latitude N Longitude E 


17 579208.93 5836162.28 52° 40' 10.60" N 4° 10' 16.96" E 


18 579192.05 5836119.20 52° 40' 09.21" N 4° 10' 16.03" E 


19 579162.42 5836053.35 52° 40' 07.10" N 4° 10' 14.39" E 


20 578624.10 5835984.35 52° 40' 05.15" N 4° 09' 45.68" E 


21 578537.65 5835758.14 52° 39' 57.87" N 4° 09' 40.88" E 


22 578493.90 5835657.56 52° 39' 54.64" N 4° 09' 38.47" E 


23 577751.10 5835148.90 52° 39' 38.57" N 4° 08' 58.51" E 


24 579361.70 5835140.96 52° 39' 37.47" N 4° 10' 24.21" E 


25 580052.14 5835572.99 52° 39' 51.08" N 4° 11' 01.33" E 


26 579992.09 5835418.65 52° 39' 46.12" N 4° 10' 57.99" E 


27 579697.63 5834668.89 52° 39' 22.02" N 4° 10' 41.67" E 


28 578367.87 5834030.03 52° 39' 02.04" N 4° 09' 30.37" E 


29 579216.89 5833895.87 52° 38' 57.26" N 4° 10' 15.42" E 


30 578535.76 5833614.07 52° 38' 48.50" N 4° 09' 38.95" E 


31 577173.10 5833681.00 52° 38' 51.37" N 4° 08' 26.51" E 


32 577419.06 5832925.30 52° 38' 26.79" N 4° 08' 38.96" E 


33 577929.40 5832920.28 52° 38' 26.36" N 4° 09' 06.10" E 


34 576568.95 5832768.66 52° 38' 22.15" N 4° 07' 53.61" E 


35 578846.97 5832509.43 52° 38' 12.59" N 4° 09' 54.55" E 


36 578828.12 5832463.43 52° 38' 11.11" N 4° 09' 53.51" E 


37 578817.97 5832438.07 52° 38' 10.30" N 4° 09' 52.95" E 


38 578884.33 5832604.54 52° 38' 15.65" N 4° 09' 56.62" E 


39 579085.60 5832852.52 52° 38' 23.57" N 4° 10' 07.54" E 


40 577065.24 5832030.94 52° 37' 58.03" N 4° 08' 19.39" E 


41 577442.08 5831686.17 52° 37' 46.68" N 4° 08' 39.13" E 


42 577433.13 5831366.24 52° 37' 36.33" N 4° 08' 38.39" E 


43 578842.95 5831096.48 52° 37' 26.87" N 4° 09' 53.12" E 


44 578997.19 5831492.07 52° 37' 39.59" N 4° 10' 01.67" E 


45 578502.13 5831640.26 52° 37' 44.65" N 4° 09' 35.47" E 


46 578115.85 5830663.01 52° 37' 13.23" N 4° 09' 14.09" E 


47 578056.86 5830506.94 52° 37' 08.21" N 4° 09' 10.83" E 


48 578016.96 5830405.85 52° 37' 04.96" N 4° 09' 08.62" E 


49 579098.46 5830175.60 52° 36' 56.94" N 4° 10' 05.92" E 


50 579346.26 5830610.29 52° 37' 10.88" N 4° 10' 19.47" E 


51 577395.09 5829762.64 52° 36' 44.46" N 4° 08' 35.01" E 


52 578265.33 5827800.57 52° 35' 40.53" N 4° 09' 19.60" E 


53 578644.31 5827882.92 52° 35' 42.99" N 4° 09' 39.81" E 


54 579347.04 5828351.04 52° 35' 57.77" N 4° 10' 17.56" E 


55 579292.74 5828214.47 52° 35' 53.38" N 4° 10' 14.55" E 


56 577941.93 5828810.02 52° 36' 13.36" N 4° 09' 03.27" E 


57 579097.29 5829025.62 52° 36' 19.73" N 4° 10' 04.86" E 


58 581671.44 5831515.29 52° 37' 38.92" N 4° 12' 23.89" E 


59 581650.86 5831464.11 52° 37' 37.28" N 4° 12' 22.75" E 


60 581619.97 5831384.59 52° 37' 34.72" N 4° 12' 21.04" E 


61 581594.33 5831319.90 52° 37' 32.64" N 4° 12' 19.62" E 
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Object ID  Easting [m] Northing [m] Latitude N Longitude E 


62 581575.91 5831274.22 52° 37' 31.17" N 4° 12' 18.60" E 


63 580808.86 5831095.91 52° 37' 25.82" N 4° 11' 37.65" E 


64 581268.13 5830510.39 52° 37' 06.62" N 4° 12' 01.55" E 


65 581281.89 5830546.11 52° 37' 07.77" N 4° 12' 02.32" E 


66 581376.00 5830758.03 52° 37' 14.58" N 4° 12' 07.51" E 


67 581360.59 5830722.80 52° 37' 13.45" N 4° 12' 06.66" E 


68 581343.11 5830682.04 52° 37' 12.14" N 4° 12' 05.69" E 


69 580333.55 5830844.57 52° 37' 17.94" N 4° 11' 12.16" E 


70 580327.74 5832137.87 52° 37' 59.79" N 4° 11' 12.98" E 


71 581497.37 5841963.49 52° 43' 17.08" N 4° 12' 23.94" E 


72 580943.97 5836424.32 52° 40' 18.15" N 4° 11' 49.54" E 


73 580365.32 5836363.09 52° 40' 16.48" N 4° 11' 18.69" E 


74 580343.84 5836310.30 52° 40' 14.79" N 4° 11' 17.49" E 


75 580328.36 5836272.28 52° 40' 13.56" N 4° 11' 16.64" E 


76 578776.40 5836365.50 52° 40' 17.40" N 4° 09' 54.11" E 


77 582493.51 5834911.32 52° 39' 28.36" N 4° 13' 10.66" E 


78 582152.43 5834054.47 52° 39' 00.82" N 4° 12' 51.74" E 


79 582081.74 5833871.01 52° 38' 54.92" N 4° 12' 47.82" E 


80 583347.15 5833868.35 52° 38' 54.14" N 4° 13' 55.13" E 


81 583193.73 5833940.30 52° 38' 56.55" N 4° 13' 47.04" E 


82 581562.11 5832972.51 52° 38' 26.13" N 4° 12' 19.37" E 


83 581180.47 5832990.94 52° 38' 26.93" N 4° 11' 59.09" E 


84 590019.44 5826910.04 52° 35' 05.16" N 4° 19' 43.26" E 


85 587884.44 5826164.42 52° 34' 42.30" N 4° 17' 49.14" E 


86 587978.23 5828272.35 52° 35' 50.45" N 4° 17' 56.13" E 


87 587922.92 5828294.85 52° 35' 51.21" N 4° 17' 53.22" E 


88 588667.63 5828537.32 52° 35' 58.61" N 4° 18' 33.02" E 


89 586956.66 5827594.77 52° 35' 29.11" N 4° 17' 01.21" E 


90 586213.15 5827961.43 52° 35' 41.40" N 4° 16' 22.05" E 


91 586743.56 5829302.13 52° 36' 24.48" N 4° 16' 51.50" E 


92 588556.17 5829658.19 52° 36' 34.95" N 4° 18' 28.18" E 


93 589326.46 5829905.80 52° 36' 42.50" N 4° 19' 09.36" E 


94 589276.74 5829925.96 52° 36' 43.19" N 4° 19' 06.74" E 


95 588360.50 5830678.09 52° 37' 08.06" N 4° 18' 18.76" E 


96 587714.85 5829985.82 52° 36' 46.04" N 4° 17' 43.77" E 


97 584082.10 5830774.99 52° 37' 13.64" N 4° 14' 31.40" E 


98 585225.29 5830925.76 52° 37' 17.88" N 4° 15' 32.31" E 


99 585302.44 5831136.34 52° 37' 24.65" N 4° 15' 36.61" E 


100 585851.97 5831794.55 52° 37' 45.63" N 4° 16' 06.44" E 


101 585746.92 5832275.59 52° 38' 01.26" N 4° 16' 01.31" E 


102 588916.87 5831670.10 52° 37' 39.83" N 4° 18' 49.30" E 


103 589361.01 5832577.43 52° 38' 08.93" N 4° 19' 13.80" E 


104 583406.46 5830533.17 52° 37' 06.19" N 4° 13' 55.25" E 


105 582799.44 5830257.49 52° 36' 57.61" N 4° 13' 22.74" E 


106 585553.72 5833177.62 52° 38' 30.55" N 4° 15' 51.87" E 
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Object ID  Easting [m] Northing [m] Latitude N Longitude E 


107 579763.91 5833429.79 52° 38' 41.89" N 4° 10' 44.12" E 


108 579776.29 5833461.20 52° 38' 42.90" N 4° 10' 44.81" E 


109 586260.40 5825354.61 52° 34' 17.03" N 4° 16' 22.12" E 


110 587832.63 5835312.76 52° 39' 38.33" N 4° 17' 55.14" E 


111 592496.02 5846609.30 52° 45' 41.03" N 4° 22' 14.73" E 


112 586536.04 5845160.72 52° 44' 57.71" N 4° 16' 55.47" E 


 


4.2.3 Coarse Sediments/gravelly layers 


Coarse sediments/gravelly layers are expected throughout the Pleistocene in units C, D and E. as the 


internal structure of these units is very complex, resulting from the depositional environment, 


identification and interpretation of these features is difficult.  


All the MC-2DUHRS and SC-UHRS lines were interpreted (minimum line spacing 100 m) and several 


internal reflectors having high amplitudes were observed. No horizons with small scale diffractions, 


generally associated with gravelly layers, were observed from the acquired data. 


The presence of these coarser deposits might have an impact on the geotechnical parameter range 


that can be expected for the Pleistocene sediments. 


4.2.4 Glacio tectonised sediments 


Glacio tectonised sediments are expected to be present in the lower to middle Pleistocene sediments - 


upper part of Unit D. During the Saalian glaciation the entire survey area was probably covered by ice 


sheets and interested by glacial deformations such as folding and thrusting of soil layers and 


deformation of soft sediments (see Figure 3.1 and Ref. 8).  


Deformation structures and possible thrusting features were observed throughout the entire survey 


area, possibly more in the norther part where deep palaeochannels on H10 are present. These 


deformations are expected interest the uppermost 15-20 metres of Unit D approximately. However, 


the internal structure of Unit D is complex, therefore definite confirmation whether these features are 


present and their mapping within the HKN WFZ is difficult.   


The presence of these deformed deposits within Unit D might have an impact on the geotechnical 


parameter range that can be expected for the Yarmouth Roads Fm. 


A MC-2DUHRS data example is presented in Figure 4.4. 
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Figure 4.4: Possible deformations of the Yarmouth Roads deposits (MC-2DUHRS Line V5-X-P500). 
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4.2.5 Potential Clay/Peat Layers 


SBP, SC-UHRS and MC-2DUHRS seismic data were analysed for seismic indicators of shallow 


biogenic gas charged sediments and/or peat level, and examined down to 100 m bsb (where 


possible), and results were compared. SC-UHRS resolution is higher than in the MC-2DUHRS data 


(due to the higher frequencies) and thinner beds can be discriminated in the former. However, the 


data quality below the first seabed multiple is lower and small anomalies may not have been identified 


due to lack of penetration. 


Peat usually shows moderate strong amplitude, reverse polarity (consistent with gas), and pulse 


broadening, and locally an attenuation of high frequencies underneath and acoustic blanking of the 


deeper layers.  Thin bed tuning effects may distort the apparent polarity of the interpreted layer such 


that polarity alone is not a universal indicator of peat or clay, and until intrusive sampling is performed 


an unequivocal calibration of the response is not possible. 


The following seismic anomaly levels that may indicate (organic) clay and /or peat layers have been 


interpreted (see Figure 4.8 for their lateral extent): 


o Seismic Anomaly Level 1 at the base of Units A and Unit B 


o Seismic Anomaly Level 2 in Unit C 


o Seismic Anomaly Level 3 in Unit D 


MC-2DUHRS data examples are presented in Figure 4.5 for Seismic Anomaly Level 1, Figure 4.6 for 


Seismic Anomaly Level 2 and Figure 4.7 for Seismic Anomaly Level 3. These features are mapped on 


the Geohazard Charts (55_GH216_HKN_ GEOHAZARD_NU_20K_01, 56_GH216_HKN_ 


GEOHAZARD_NU_20K_02) in Appendix H.  


These potential clay/peat layers should be investigated in the upcoming geotechnical campaign, in 


order to check and verify them. 


Seismic Anomaly Level 1 


The shallower seismic anomaly was interpreted from SBP data mainly, and verified later with the SC-


UHRS and MC-2DUHRS data in particular, in order to confirm the high amplitude polarity (see Figure 


4.5). This (organic) clay/peat level was deposited at the Holocene base, between 1 m and 12 m bsb, 


in particular within the palaeochannels (Naaldwijk Fm.).   


Some more (organic) peat could be present at the Holocene base not as infill of the palaeochannels, 


and could be associated to a well-known peaty layer in the North Sea, the “Basal Peat”, deposited 


during in a restricted period of the Late Weichselian (approx. 12k years ago, see also Ref.9).  
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Figure 4.5: Seismic Anomaly Level1 


 


Seismic Anomaly Level 2 


A second high amplitude horizon was observed within the Kreftenheye and Boxtel Fm. in the eastern 


part of the HKN WFZ between 2 m and 14 m bsb (see Figure 4.6). This seismic anomaly show high 


amplitude, frequency attenuation of the reflector underneath and locally acoustic blanking of the 


deeper layers. The polarity is uncertain, locally reversed and in other zones normal.  


Due to possible thin bed tuning effects, both clay and/or peat can be possible at this level. 


Seismic Anomaly Level 3 


The deeper anomalies (between 16 m and 71 m bsb) detected within this area were observed within 


the Yarmouth Roads Fm., which is known (Ref. 21) for the presence of intercalations of reworked peat 


(see Figure 4.7). These anomalies are observed as small patches with generally positive high 


amplitudes, and no other attributes associated to gas/peat.  


Due to possible thin bed tuning effects, both clay and/or peat can be possible at this level. 
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Figure 4.6: Seismic Anomaly Level2 


 


 


Figure 4.7: Seismic Anomaly Level 3 


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3  Page 87 of 117  


 


Figure 4.8: Seismic anomalies and possible gas charged sediments  
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4.2.6 Possible gas/fluid charged in sediments 


Occasional and minor areas of gas/fluid charged sediments were interpreted in the Holocene. 


Seismically these anomalies appear as moderately high amplitude diffracted horizons, with seismic 


turbidity and dimming effects of the reflectors underneath (see Figure 4.9 and Figure 4.8 for its lateral 


extent). 


Due to the presence of (organic) clay/peat at the base of Holocene, the presence of small amounts of 


gas/fluid within sediments cannot be ruled out. 


Please note that the shallow gas interpretation in an area with a complex quaternary sequence is only 


indicative, and is based on seismic amplitude response. This needs to be calibrated and integrated 


with the geotechnical campaign results. 


These features are mapped on the Geohazard Charts in Appendix H (55_GH216_HKN_ 


GEOHAZARD_NU_20K_01, 56_GH216_HKN_ GEOHAZARD_NU_20K_02).  


4.2.7 Faulting 


Two possible faults were observed within the HKN WFZ, displacing Horizon H20. These faults are 


visible better on the MC-2DUHRS lines than in the SC-UHRS lines, due to the presence of much noise 


within the last dataset.  


These faults are NW-SW oriented and are present one in the southwestern and one in the 


southeastern part of the HKN WFZ. However, the presence of more faults and/or fractures cannot be 


ruled out, due to the structureless seismic aspect of Unit D and E especially in the northern sector.  


The maximum displacement of approximately 12 m can be observed in the eastern fault (see Figure 


4.10), while the eastern one seems to have a maximum displacement of approximately 4 m (see 


Figure 4.11). 


These features are mapped on the Geohazard Charts in Appendix H (55_GH216_HKN_ 


GEOHAZARD_NU_20K_01, 56_GH216_HKN_ GEOHAZARD_NU_20K_02).  
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Figure 4.9: Possible Gas/Fluid charged sediments  
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Figure 4.10: Possible fault on MC-2DUHRS line V5-X-S7500 
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Figure 4.11: Possible fault on MC-2DUHRS line V5-P2500 
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5. DATA REDUCTION AND PROCESSING 


5.1 Positioning and Navigation 


For details please refer to Report 2 (Operations and Calibrations Report – MV Fugro Gauss 


GH216_FG_RVO-HKN) and to Report 3 (Operations and Calibrations Report - MV Fugro Meridian 


GH216_FM_RVO-HKN). 


MV Fugro Gauss 


Primary Global Navigation Satellite System (GNSS) positioning was provided from a Seapath 330+ 


GNSS. The secondary GNSS positioning system was an independent Trimble BD982. Tertiary GNSS 


positioning was provided from a Starfix G2+ GNSS receiver. See the following Table 5.1 for 


accuracies.  


Table 5.1: Positioning Systems Accuracies 


GNSS Positioning System 
Mean Difference 


Easting 


Mean Difference 


Northing 


Total Difference with Std.-


Dev. 


Seapath 330+ 


Primary System 
0.06 m -0.16 m 0.172 m +/- 0.128 


Trimble BD982 


Secondary System 
0.046 m -0.125 m 0.134 m +/- 0.097 


Starfix G2+ 


Tertiary System 
0.049 m -0.063 m 0.079 +/- 0.073  


 


The primary system Seapath 330+ was available throughout the complete survey period. 


Nevertheless, for the post-processing of positions, raw data from the Starfix G2+ system were used. 


The respective antenna was installed on an antenna mounting in a location with clear and 


unobstructed hemispherical views. The systems were interfaced directly to the online navigation 


system. 


The navigation system was continually monitored by the online surveyor during survey operations. 


GNSS position and height data were acquired based on WGS84. 


Positions were transferred to the online navigation system Qinsy to be supplied from there to all 


systems.  


Within Qinsy the transformation to ETRS89 was performed and every attached system was supplied 


with ETRS89 data.  


Positions for bathymetry were transferred to the online MBES system SIS. Within SIS no 


transformation was done. SIS produces *.all files that contain amongst all relevant bathymetric data 


also the position. The *.all files are converted into CARIS HIPS and SIPS for processing. 
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Post processing of GNSS data in order to improve the final accuracy of position and height for the 


bathymetric data set was carried out based on raw GNSS data from the Starfix G2+ receiver using 


NovAtel Waypoint Inertial Explorer Version 8.7 with ephemeris. The post processed positions and 


heights were used to update the initial positions and heights within CARIS HIPS and SIPS.  


Initial positions were updated by post processed positions only for the bathymetric data set. 


Within CARIS HIPS and SIPS a so called “vessel file” exists, which contains the offsets between all 


sensors relevant to calculate final positions and depths for all beams of a swath of the multibeam 


system.  


After processing, final results were produced from these within CARIS HIPS and SIPS. The 


transformation of the final positions to ETRS89 for these results was applied during export. 


MV Fugro Meridian 


The MV Fugro Meridian is equipped with three independent navigation systems for surveying 


comprising a GNSS antenna, correction source and Starpack receiver.  


 The primary GNSS positioning solution is derived from Fugro’s Starfix G2+ solution, using the 


starboard antenna. Corrections are supplied by the ESAT SpotBeam satellite link through a 


low elevation L band antenna. 


 The secondary GNSS positioning solution is also derived from Fugro’s Starfix G2+ solution, 


within a FugroStarPack unit receiving data from the port antenna. Corrections are again 


supplied by the ESAT SpotBeam satellite link through a low elevation L-band antenna. 


 The stern GNSS positioning solution is derived from Fugro’s Starfix.XP2 solution, within a 


FugroStarPack unit receiving data from the stern antenna along with corrections supplied by 


the AORE SpotBeam satellite link. 


All GNSS systems provided reliable positioning throughout the project with a minimum of 8 satellites 


available. There were no interruptions to GNSS corrections and average update time was 13 seconds. 


Average differences between the primary and secondary positioning systems were better than 0.03 m 


for the entire project. This resulted in good positioning for all vessel mounted sensors and towed 


equipment.  


Positioning data were logged and post-processed within the Starfix suite of applications. All positioning 


data were checked and, when necessary, edited to remove outliers.  


Positions of the hull-mounted sensors were derived using the relevant offset values to each sensor 


from the vessel’s CRP.  The Common Mid-Point (CMP) position was calculated by generating an 


offset for the Gun Array Tow Point (2DUHR_GUN_TP) and Streamer Tow Point 


(2DUHR_STREAMER_TP) from the CRP using the PosMV Heading. A layback of 33.00 m and 37.43 


m was applied to the 2DUHR_GUN_TP and 2DUHR_STREAMER_TP positions respectively using the 
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vessels CMG Heading. The resultant positions were merged and averaged together to produce the 


2DUHR_CMP position. Water depths are corrected for draft and sound velocity 


The MV Fugro Meridian was able to keep reliable position to the planned line throughout the survey, 


with the vessel steering the CMP position, rather than the vessel, along the line of the SC-UHRS CRP 


position acquired by the MV Fugro Gauss. Cross lines were not surveyed in periods of strong currents. 


To maintain line keeping, acquisition daily planning was adapted to ensure lines were surveyed at 


appropriate states of tide. The largest deviation of the CMP position from the proposed line plan was 


16 m, but for majority of the survey, this offset was 10 m or less. 


5.1.1 Vertical Datum 


All depth data were reduced for tide to chart datum. Chart datum is Lowest Astronomical Tide (LAT).  


All water depths were referenced to LAT, reduced using post processed GNSS height data collected 


in real time on board the Fugro Gauss.  


In order to achieve the required height accuracy of +/- 0.1m the originally collected GNSS heights 


were post processed using the software package Waypoint Inertial Explorer provided by NovAtel. It 


provides good solutions to improve the height quality in post processing so that this requirement could 


be met. 


Please note: The geoidal reduction model was chosen to be the Danish Technical University (DTU13) 


model. It is considered to be the most accurate model of MSL worldwide. This model makes use of a 


refined EGM96 geoidal model. The DTU13 model reduces GNSS heights to MSL. The MSL 


bathymetry was then be reduced to LAT using a model valid for the North Sea named “Dienst der 


Hydrografie MSL to LAT Model” (The Netherlands). Both models were used or tied together in one 


model, so that there was one reduction step to reduce the GNSS heights directly from ellipsoidal 


height to LAT. Fugro believes that this height reduction approach delivers the best possible solution 


and is scope compliant. 


5.2 Multibeam Echo Sounder 


The following table summarises the multibeam echo sounder data processing methodology within 


Caris HIPS. 


Table 5.2: MBES Data Processing Methodology 


CARIS HIPS Work Step Description 


1.  Raw MBES data MBES raw data as logged by QINSy or SIS 


2.  HIPS vessel file Before data can be converted into Caris HIPS a so called HIPS Vessel File 
(HVF) has to be defined. This HVF contains all relevant sensor definitions with 
information regarding offsets, correction values and system configurations. 
Calibration results and all bathymetry offsets were applied during online 
acquisition so did not need to be inserted here again. 
The HVF defines amongst others: 


 Offsets relative to the centre of gravity (COG), 


 Sound velocity information, 


 Dynamic draft changes, 


 Dynamic vessel motion (heading, roll, heave , pitch) 


 Static corrections for gyro heading and error for roll, heave and yaw 
heading alignment of the multibeam system. 
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CARIS HIPS Work Step Description 


3.  Data conversion to HIPS The multibeam raw data are exported from the online software is to be 
converted into HIPS format. Positioning information included in the raw data is 
based on geographical co-ordinates. 


4.  Quality control   
(Navigation, Attitude data) 


Navigation and attitude data are checked for spikes. This is done manually or 
by using self-defined filters. Spikes are marked and flagged as not to be used 
for further calculation. The resulting gaps are interpolated over time by 
calculating new values. 


5.  Swath filter Depth information of one survey line is filtered for spurious values and data not 
to be used. Filter settings for flagging data as rejected can include the 
following settings: 


 Min.- max. accepted depth range 


 Across track angle of beam to beam slopes 


 Angle from nadir 


The filters are applied according to the encountered morphology, weather 
condition etc. The applied values may vary from area to area. Nevertheless, 
each line is checked separately and the filter parameters are adapted if 
necessary. 


6.  Update original positions 
with post processed 
positions 


Raw GNSS navigation and height data are post processed using the software 
package Waypoint Inertial Explorer.  
The post processed GNSS navigation data are applied in CARIS replacing the 
original navigation data set.  
The post processed GNSS height data are applied in CARIS replacing the 
original GNSS height data. 


7.  Tide reduction using 
GNSS tide 


Within HIPS the ‘compute GNSS tide’ process is used to create a tide derived 
from the GNSS height at the antenna taking antenna offsets to COG and to 
water line into account as well as the dynamic heave. The separation model to 
correct for the offset between the ellipsoid and the defined tidal datum is 
applied here. 


8.  Sound velocity correction Each survey line is corrected for sound velocity. The sound velocity table 
contains date, depth and correction values for each profile and is applied to 
each survey line. It can be chosen, whether a profile shall be supplied previous 
or nearest in time or nearest in distance. 
SVP data were applied during online acquisition in this case. 


9. Calculation of THU / TVU Specifications of different components and expected accuracies are inserted 
within the HIPS vessel file. With the additional information regarding accuracy 
of tide and sound velocity THU and TVH are calculated. 


10.  Calculation of final position 
and depth for each beam 
(data merging) 


For each individual beam a position and a depth value is calculated with 
respect to vessel (gyro) heading, tide data, dynamic draft value and sound 
velocity correction using time as correlation. 


11.  Create work surfaces Area-wide check of completeness using the density layer. 
The validity of the vessel offset settings and calibration values were verified 
and further observed continuously during the survey by checking reliability of 
navigation, motion, gyro and depth data and by comparing overlapping data 
from adjacent lines within surfaces. 
The pre-checked data is used to calculate a CUBE surface.  


12.  Surface filter using CUBE The CUBE algorithm creates a hypothesis for the depth value of a grid cell 
from the first depth value that falls into a cell. Every following depth value is 
checked against this hypothesis and according to a variety of settings selected 
to contribute to the existing hypothesis, to create a new, second hypothesis or 
to be rejected. A most probable surface is resulting from these calculations. 
This surface is then used as a base for a surface filter, for which a data 
window of acceptance around this surface had to be specified using certain 
parameters. The survey data is then checked against these conditions. Data 
outside the specified window of acceptance is rejected. 
 
Detailed Cube setting used within Caris HIPS are outlined below. IHO Special 
Order, the Disambiguation Method “Density and Local” and the “Default” 
parameters were used to generate the CUBE surfaces. 
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CARIS HIPS Work Step Description 


CUBE configuration details: 


 
 


13.  Create quality control 
surfaces 


The results are quality controlled by a Hydrographer to verify whether the data 
fulfils the project specifications.  
Special attention are paid to possible features, such as objects, wrecks or any 
man-made features and manual cleaning is applied here. Objects or features 
detected during multibeam cleaning were catalogued during data verification 
and final QC. 
Manual cleaning is applied to areas, where filtering left no final result. 
No smoothing is applied. No data are deleted at any processing step. All 
rejected data are flagged not to be used further, but can be re-accepted at any 
stage. 
The data quality was checked using the standard deviation, THU and TVU 
values.  
Having undergone these procedures, the data is in a final state for delivery and 
contours are calculated. 


14. Backscatter Backscatter was processed applying gain for normalizing the intensity for all 
lines within the HKN WFZ in order to emphasize objects and features and to 
evaluate changes in the seabed sediment. 
The following parameter settings were applied for the production of results 
using Geocoder and Caris SIPS engines: 
 
Geocoder engine, weighted average, time series 
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CARIS HIPS Work Step Description 


 
anti-aliasing, gain, TVG, AVG FLAT, despeckle moderate 
 


 
 
SIPS Backscatter 
 


 
 
Geocoder and SIPS engine show slightly different ranges in colour intensity 
results. The Colour Range -34 / -18 is dedicated for Geocoder mosaics. SIPS 
mosaics are better adjusted to Geocoder using a Colour Range -34 / -12. 
When results of two sources were merged to one mosaic, the interpolation 
method ‘nearest neighbour’ was applied. 
Geotiffs were exported from mosaics with compression type ‘deflate’. 


No further post processing was applied in ArcGIS, but for interpretation the 
backscatter intensities of the differently processed subsets were 
levelled in ArcGIS. 
 
The overall final mosaic is shown on Figure 2.18, Section 2.3. 


15.  Generation of contours For the contour generation a surface with 10m resolution was computed 
using the uncertainty grid. As a result contours appear relatively generalized, 
which is appropriate for this specific morphology. Contours were generated 
at 1m interval and smoothed with bSpline order 3 in Caris HIPS and exported 
as HOB and DXF 
Further processing was conducted within AutoCAD. Polylines were 
converted to 2D, simplified with tolerance 0.01, lines shorter than 20m were 
deleted. 


 


16. Data export As a deliverable from HIPS a gridded dataset and Geotiffs were produced and 
exported as per project specifications 


 


The acquisition of multibeam echosounder data went generally very smoothly. Please refer to the 


Operations Report for details. Nevertheless, in total more than 150 infill lines for the multibeam 


echosounder data have been run (see MBES log sheet). The majority of these are located in the 


eastern part of the survey area, where the survey started. The reason for this is an initial unclearness 


about how to interpret the requirement that the “echosounder system should be capable of providing a 


minimum of 9 soundings per 0.5x0.5 m cell at minimum”. The system uses a dual swath option 


together with a pitch and yaw stabilization function which resulted in a slightly uneven distribution of 


pings on the sea floor, due to a specific selection of stabilization points within the swath. The effect is 
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that some cells do not reach 9 soundings, while their direct neighbour cells in backward / forward 


direction reach far more. In minor parts also the variable morphology of the seabed with the steep 


slopes at the sand waves contributed to this effect. This had been discussed with the manufacturer 


(Kongsberg) as well as with the client, with the result, that this effect could be solved by reducing 


speed. It was finally agreed to accept the data distribution and density as fulfilling the scope of work, 


as no lack of information could be derived from this and as a slower speed could have affected towed 


systems (e-mail 09.08.2017).  


Further infill runs were of a regular amount and more related to other influences, such as weather. 


Generally the data density was found to be very high and in total there was enough information 


available for interpretation of backscatter intensity and its variation with respect to the sand waves and 


slopes. 


The processed and interpreted data is shown in Appendix C. 


5.3 Sidescan Sonar 


Data were recorded in digital format (.xtf and .jsf) using the Edgetech Discover software (Edgetech 


701DL topside together with the Discover 42000MP). Both the high (600kHz) and low frequency 


(300kHz) *.xtf files were imported into the SonarWiz software. Refer to Table 5.3 for the operational 


installation details. 


Table 5.3: SSS Operational Installation MV Fugro Gauss 


SSS EdgeTech 4200-FS 


Range 125 m 


Frequency 239 kHz (LF) and 555 kHz (HF) 


Cable out Variable (depending on water depth and ship’s speed) 


 


Sidescan data is highly sensitive to weather / sea state, but data quality throughout the HKN WFZ was 


evaluated to be good and interpretable throughout. The requirements of > 100% coverage and 


sufficient target detection of ≥ 0.5 m was fulfilled. Smaller objects may have been not identified due to 


the limitations by the system and range settings used, but were picked where detectable. For target 


picking and interpretation the high frequency SSS data (600 kHz) was used. This means a theoretical 


resolution of 1cm across track and 18 cm along track at 50 m range. During survey a range of 125 m 


was used which leads to significant decrease of the along track resolution. 


A Kongsberg HiPAP USBL positioning system was used for towfish positioning. The EdgeTech 


4200-FS system incorporates an internal fluxgate compass which can be used for post-processing of 


towfish heading values.  


USBL position accuracy is impacted by many factors, such as accuracy of observations of speed of 


sound in water, range and angle of USBL beacon, with respect to USBL transducer, noise in the water 


column. Positioning accuracy of the SSS data generally was observed to be within 2-3 m on adjacent 


sidescan lines and within 1-2 m compared to the bathymetry.  
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The accuracy of measurements of objects in SSS data is related to several factors associated with the 


fish position: the exact fish altitude, its heading and the angle to the seabed, but also the geometry of 


the target and its position relative to the fish influence the accuracy of picking. Changes in the SSS 


fish heading and angle to the seabed by currents or turbulences may lead to inaccuracy of target 


position and less accurate measurements. 


Variations in the range and angle of incidence of the sidescan sonar pulse can cause different parts of 


the object to be in shadow. For instance an object in the outer ranges of the swath will only be visible 


along the leading edge, facing the SSS towfish. Any part of the object behind this leading edge will be 


in shadow, therefore preventing the true ‘centre’ of the object being interpreted. This affect will also 


cause differences in the measured dimensions of the object, depending on which line it is viewed on. 


An object in the near to middle range of the swath will be accurately positioned in the X and Y 


dimensions, but it is more likely that the angle of the pulse will prevent an accurate record of the 


height. 


Some of the data were acquired in marginal weather. Marginal lines were all quality controlled and 


overlaid against adjacent surveyed lines to ensure that the imaging of the seabed was of sufficient 


quality to meet the survey requirements. 


All data were bottom tracked to allow slant range corrections to be applied. Position and heading 


smoothing over 300 pings was applied to remove slight navigation jumps. Further navigation filters 


were applied where required. 


Empirical gain normalization was then applied to level and average the sonar amplitudes by altitude 


and range to construct a homogenous mosaic, suitable for interpretation. To check the accuracy of the 


navigation data, SSS data from adjacent lines, run in opposite directions on a known MBES position, 


were compared against each other and against the bathymetry. 


Geo-referenced mosaics were created for the low frequency data in the form of GeoTiff files with a 


resolution of 0.5 m per pixel. 


The processed and interpreted data is shown in Appendix D and Appendix E. 


5.4 Magnetometer 


The magnetometer raw data were imported from text files into the Geosoft Oasis Montaj software.  


The navigation data were provided in ETRS89 geographic latitude and longitude with layback applied 


in Qinsy. They were then converted to projected coordinate system ETRS89 UTM Zone 31N. Layback 


from the SSS fish was at 10m until the 6
th
 of August. It was discovered that with such a short layback 


the data had a lot of noise, so the layback was increased to 25m and most of the survey was done 


with that layback. The navigation data were cleaned; large “spikes” caused by any jumps in the USBL 


navigation were identified, removed manually and data interpolated to re-fill the gaps. A rolling mean 


filter was applied, removing any smaller erroneous values.  
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The raw magnetometer data was despiked manually in the rare occurrence of obvious spikes. It is 


then filtered through a B-spline filter. To get the regional trend, we put the data through a series of five 


non-linear filters and a final B-spline filter. The regional trend is subtracted from the total field 


magnetometer data to give the residual. Below are listed the parameters for the filters used. 


On the raw magnetometer data: 


 B-Spline filter; Smoothness=0.6, Tension = 0 


To calculate and subtract the regional trend 


 Non-linear filter 1; Width = 50, Tolerance = 2 


 Non-linear filter 2; Width = 20, Tolerance = 1 


 Non-linear filter 3; Width = 10, Tolerance = 0.5 


 Non-linear filter 4; Width = 5, Tolerance = 0.25 


 Non-linear filter 5; Width = 2, Tolerance = 0.125 


 B-Spline filter; Smoothness=0.6, Tension = 0 


 


Anomalies within the residual magnetic signal were then listed to be imported into GIS for further 


analysis. Figure 5.1 illustrates a data example of the raw magnetic data, the applied B-spline filter and 


the residual signal. 


 


Figure 5.1: Data example of raw, processed and the residual signal of the magnetometer data 


 


Contact picking was performed on the residual data with a cut-off of 5nT. The anomaly presented in 


the figure above corresponds with the 20 inch Helm to IJmuiden pipeline. 


Ribbon plots were created using the following method, in order to visualise the magnetometer results 


on a chart and relate them to other elements. The filtered data were gridded using the minimum 


curvature gridding method. For gridding, a grid cell size of 0.5 m and a blanking distance of 12 m were 


used. Due to the line spacing, no neighbouring lines influence each other’s gridding - this results in a 


ribbon plot with grid data following a single line in strips, rather than forming a contiguous map.  


The processed and interpreted data is shown in Appendix E.   
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5.5 Sub-Bottom Profiler 


The overall quality of the sub-bottom profiler data was good. The SBP performed to expectations and 


was successful in identifying bedforms and delineating the shallow geological sequence with clear 


detection of geological horizons. 


The SBP data files were recorded using SESWIN acquisition software and then processed and 


converted to industry standard SEG-Y format with the Innomar ISE Post-Processing Software 


including the following processing steps:   


 Interpolation of navigation positions (removal of duplicates using an interpolation method to 


provide a unique position for each shot, around 8-9 pings per second), heave correction of 


data, slight bandpass filter, constant gain adjustment 


 LAT correction of SBP lines and conversion of original recorded *.RAW files into the industry 


standard format SEG-Y. The LAT correction was automatically applied to the data on a trace-


by-trace basis using the corrected tidal curve is described in Section 0. 


 Production of Trackplots 


 


The data was checked for positioning errors in reference with the MBES data, for coverage and gaps, 


and gains were adjusted to achieve optimal results on SBP data. 


The tide-corrected SEGY data were imported into the interpretation software Kingdom Suite. Here the 


SBP lines were subject to QC against the processed bathymetry data which was imported into the 


Kingdom processing software as a surface. 


Examples of the processed and interpreted data are shown in the Geological Profiles of Appendix G. 


5.6 Sparker – Single Channel System 


A GSO 200-tip-sparker source with a Geo-Spark 1000 J power supply and a 24 element Geo-Sense 


mini-streamer was used to acquire single channel seismic data. The sparker was towed from the stern 


of the vessel (Figure 5.2). The position sent to the acquisition system/software (around 1 ping per 


second) was the common depth point between sparker and the streamer. The Geo Trace 2 system 


was used for acquisition to record the digital data in SEG-Y (REV1) format. Heave corrections were 


recorded during acquisition in the raw SCS data. 
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Figure 5.2: SC Sparker Streamer and Source positions 


 


The quality of the single channel profiler data was good, with a general penetration of approx. 30 ms 


(24 m), which coincides with the first seabed multiple.  


Below this, only one very high amplitude reflector is visible (depths ranging between 70 and 120 ms), 


but no other internal structure was detectable, due to the interference between the water layer 


multiples and the low-amplitude, complex reflections in that time window. 


The data was checked for positioning errors in reference with the MBES data, for coverage and gaps, 


and gains were adjusted to achieve optimal results on the single channel Sparker data. 


Effects of weather degraded the data quality of some lines. For these lines a swell filtering was applied 


in order to reduce the influence of the sea/swell condition on the data. For swell filtering the seabed 


was tracked using threshold algorithm, based on amplitudes above 300mV. Swell effect on the data 


was minimized by averaging the seabed manually and water column above was muted. This improved 


the data quality. Lines which did not need a swell filter to be applied are labelled with the extension 


*_ns.SGY in the file name. 


Examples of the processed and interpreted data are shown in the Geological Profiles of Appendix G. 


  







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page 103 of 117  


5.7 Sparker – MC-2DUHRS System 


Quality control (QC) of the online MC-2DUHRS system was undertaken by the onboard engineers, 


geophysicists and seismic processors. The engineers maintained a observers’ log in which all relevant 


information was recorded. Routine checks were made on the source and streamer; the engineers 


monitored source statistics (including any dropped or miss-timed shots) as well as pulse and 


amplitude spectrum of the seismic source.  Routine checks of the streamer included streamer integrity 


(noisy, dead or reverse polarity channels), noise, and streamer depth control / feather angle.  


The quality of the MC-2DUHRS data was good, and a maximum penetration of approx. 160 ms 


(135 m) was generally achieved.  


The MC-2DUHRS line plan is as follows:  


 31 main lines 23°/203° oriented, with line 500 m line spacing, to cover the HKN WFZ area 


 61 cross lines 113°/293° oriented, with 500 m line spacing, to cover the HKN WFZ area.  


On completion of each MC-2DUHRS line, further QC was performed by the onboard geophysicist 


using RadExPro to check shot gathers, source depth, amplitude frequency analysis and source offset.  


A brute stack was also generated for each line to ascertain swell noise, the effects of wave and swell 


and to check overall data quality. However, due to the low signal-to-noise ratio, these initial checks 


were insufficient to determine acceptance or rejection of the line, which was undertaken during final 


processing. Even though the notch analysis was affected by the presence of roll over point of High cut 


filter in the notch area, it was possible to calculate an average source depth of ~0.35 m which still 


within the allowed limits of source depth requirement of 0.5 m ± 0.2 m.  


Final processing was performed onboard of the MV Fugro Meridian using the OpenCPS seismic 


processing system. The data processing flows remove noise, unwanted frequencies, interference and 


seabed multiples and consequently increase the signal to noise ratio. As a result, geological reflectors 


and structures are clearly visible on the final processed sections.   


Acquisition parameters for the MC-2DUHRS are shown in Table 5.4. 


The details of the seismic processing are presented in Appendix I. 
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Table 5.4: MC-2DUHRS Acquisition Parameters 


Streamer 


Streamer GeoEel Hybrid Digital streamer 


Active length 112.5 m 


Number Seismic Groups 48 


Group Spacing  1.5625 m (channels 1-24) and 3.125m (channels 25-48) 


Streamer tow depth  0.5 m ± 0.2 m 


Fold 36 


Near trace direct offset  6.8 m 


Source 


Sparker GSO 360 Tip Sparker 


Source output energy  900J 


Shot point interval 1.5625 m 


Source tow depth 0.5 m ± 0.2 m 


Recording System 


Recorder type Geometrics GeoEel v5.64 


Number of seismic channels 48 


Sample interval 0.25 ms 


Record length 200 ms 


Format  SEG-D 8058 Rev 2 


 


5.8 Data Interpretation 


5.8.1 Bedform Interpretation Methodology 


Bedform zonation was performed in ArcGIS 10.3 using a MBES DTM file (cell size 0.5 m x 0.5 m) 


together with the backscatter Intensity map (1 m x 1 m cell size) and the SSS Mosaic (0.5 m 


resolution) as basis for the interpretation. The bedform zonation map was derived from a manual 


demarcation of homogeneous areas in terms of shape, wavelength and crest line orientation. Three 


classes of natural bedforms and one anthropogenic bedform class were detected as per used 


classification scheme described in Section 2.1 and Section 2.2. The bedform classes determined from 


the surface sensors were than cross-checked against the SBP data. 


Prominent areas of bedforms were picked as polygon features in ArcGIS. Additionally polylines were 


used for the crests of the sand waves, annotated by height in metres and wavelength in metres. 


The bedform zonation was exported in .shp format. 


5.8.2 Backscatter Data Interpretation Methodology 


The backscatter analysis was performed in ArcGIS 10.3 software using a backscatter intensity raster 


image (cell size 1 m x 1 m) as basis for seabed sediment and features classification. Seabed 


classification results from manual interpretation of intensity and textural appearance variations and 


demarcation of regions with similar backscatter response. For interpretation the backscatter intensities 


of the differently processed subsets were levelled in ArcGIS. Seabed mapping was cross-checked and 


combined with the interpretation of the acoustic reflectivity of the SSS records to ensure overall 


consistency between datasets (refer to Section 5.8.3). Backscatter intensity is highly associated with 


the morphology and variations in intensity are related to the steep slopes at the sand wave lee sides, 
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bedforms in general, as well as the irregular relief at the dredged areas. Due to the intense 


morphological features in the survey area this geometrical influences overlay any backscatter 


intensities potentially associated with the seabed sediment type and do not allow confident 


conclusions about sediment changes based on backscatter data. Hence, no indications for variations 


in seabed sediment type are derived in the backscatter intensity, giving evidence that only minor 


changes in seabed soil type exist across the HKN WFZ. Highest variation of backscatter intensity is 


observed across the dredging area Q5J. Survey data shows that dredging here penetrates deepest 


and may have exposed different material from the Upper and Middle Pleistocene. This supports that 


across the areas of low variation major changes in sediment type are unlikely. 


For an optimal backscatter result, corrections were applied during processing. Especially Angle-


Varying Gain (AVG) and Time-Varying Gain (TVG) as well as Anti-Aliasing and Despeckle lead to a 


homogeneous appearance of the backscatter results. Hence, the remaining residual backscatter 


variation is very low.  


For details on backscatter data processing please refer to section 5.2. Results of the backscatter data 


are included in section 2.2 to 2.4 a backscatter intensity map is shown in Figure 2.18. 


The seabed classification was exported in. shp format.  


5.8.3 Sidescan Sonar Data Interpretation Methodology 


SSS records were examined both for significant targets and for the general level of acoustic reflectivity 


from the seabed to map prominent seabed features, bedforms and variations in seabed sediment 


type.  


All SSS data were interpreted on a line-by-line basis in the waterfall display. The objective of the 


interpretation was to locate and classify any targets, to determine the seabed sediment type and to 


locate prominent mobile bedforms (sand waves, megaripples).  


For target detection the high frequency data was used to pick specific contacts greater than 0.5 m in 


any dimension (as per technical specs) based on size, shape and possible origins. If possible, smaller 


objects were picked as well. Contact positions were cross-compared with bathymetry, rationalized and 


duplicates from overlapping lines avoided.   


Lists of contacts, comprising number of contact, measured dimensions and comments were exported 


in ASCII and SHP format to use for contact correlation and charting. All SSS targets were cross-


referenced with the MAG and MBES data.  


The classification of sediment types and seabed features was made in ArcGIS 10.3 based on the 


generated SSS 0.5 m resolution mosaics. Sonar contacts were also imported into the ArcGIS 


interpretation maps. Resulting seabed features and sediment classification was cross-referenced and 


combined with the backscatter intensity of the MBES data to ensure overall consistency between 


datasets (refer to section 5.8.2). 
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Generally, fine grained sediments are characterised by acoustic low reflectivity in the sidescan sonar 


images, while coarser sediments, such as coarse SAND and GRAVEL, are imaged by higher acoustic 


reflectivity. Outcrops are generally imaged by significantly increased reflectivity with irregular relief and 


show acoustic shadows. However neither GRAVEL areas nor rock or till outcrops were observed 


within the HKN WFZ. Seabed sediments are mainly comprised of SAND and frequently covered by 


megaripples and occasional sand waves. The dominating sediment type characterised by medium 


acoustic reflectivity and is interpreted to consist of fine to coarse SAND (verified by boreholes). Patchy 


areas of potential CLAY and CLAY below a veneer of SAND are indicated by slightly varying acoustic 


reflectivity and lack of or less pronounced occurrence of ripples. 


Due to the lack of geotechnical sampling information seabed sediment categories could not be 


determined in more detail, as interpretation is based on changes in acoustic reflectivity pattern only. 


5.8.4 Magnetometer Data Interpretation Methodology 


All the magnetic targets were picked using the Geosoft Oasis Montaj software package.  


The magnetometer contacts were picked on de-spiked data using a threshold of 5 nT for the magnetic 


anomalies using a combination of automatic picking, which searches for peaks, and manual picking 


afterwards to supplement targets the automatic picking may have missed and to delete false positives. 


Once the target listing was finalised, each target was manually measured for anomaly width and peak-


to-peak amplitude (nT). All significant targets of 5 nT and more were picked and then exported 


together with the anomaly type (negative/positive monopole, dipole) and classification where possible 


to assign for the final revision of target list as per the project specification. Anomalies were interpreted 


from the residual data, since it provides a zero baseline from which it is easier to determine shapes 


and amplitudes, especially when using automatic picking algorithms. In single targets the total field 


(raw) data was used if the shape of the residual anomaly was not preserved by the non-linear filters, in 


order to get a more accurate measurement. 


Besides individual magnetic objects, all cables and pipelines from the client supplied database present 


in the HKN WFZ were identified by the magnetometer data. 


The magnetic anomalies were cross-referenced with the SSS and MBES data.  


Due to the spatial extent of the anomalies caused by magnetically susceptible bodies at and below the 


seabed, the exact position of the object is not recovered by a profile based survey at the line spacing 


acquired here.  
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5.8.5 Seismic Data Interpretation, picking policy and gridding methodology 


The interpretation of the processed geophysical data was performed using Kingdom software 


vers. 8.8. The MC-2DUHRS seismic lines were imported into Kingdom with different datasets: 


Table 5.5: MC-2DUHRS dataset on Kingdom project 


Survey type Seismic attribute on kingdom project 


Fast Track Onboard processing Amplitudes (Time) 


Unmigrated UNMIG (Time) 


Post Migration POSTMIG (Time) 


Final processing in time FINAL (Time) 


Final processing in depth AmplitudesDepth (Depth) 


RMS velocity segy RMS_VEL (Time) 


 


The SC-UHRS and the SBP seismic lines were imported in the Kingdom Project in time. 


In order to calculate the resolution limits, it has to be considered the trace interval and the dominant 


wavelength of the dataset (λ). This is directly calculated from the predominant frequency and the 


estimated interval velocity. The limit of separability (or vertical resolution) between two reflections is 


estimated to be λ/4, while the horizontal resolution is calculated as λ/2.  


Seismic velocity derived from analysis of reflection seismic surveys are related to P-wave velocities as 


measured in boreholes, but are influenced by scale, geology (structural and attenuative distortions), 


and by the processes and interpretation used to derive them. They can be better considered as 


“stacking velocities”, because they are chosen as the ones that allow getting the best stack of seismic 


data. As a result, the use of these velocities to depth convert does have an uncertainty and should be 


calibrated against true borehole depths where possible. 


For the MC-2DUHRS data using an interval velocity of 1700 m/s (at -50 ms LAT, -40 m LAT) and a 


peak frequency of 460 Hz was used, resulting in a calculated vertical resolution of 0.9 m and a 


horizontal resolution of 1.8 m. This implies that a true thickness of sediment layers thinner than 0.9 m 


could not be resolved. In the deeper parts, the dominant frequency decreases to approximately 


360 Hz (at -115 ms LAT, -100 m LAT), and the interval velocities increase up to 1830 m/s, resulting in 


a vertical resolution of 1.3 m. This implies that at these depths, a true thickness of sediment layers 


thinner than 1.3 m could not be resolved (see Figure 5.3 and Table 5.6). The horizontal resolution was 


calculated to be 2.6 m (after migration).  For multichannel data the trace interval on final section is 


0.78 m after migration, but the calculated resolution (λ/2) is greater that the trace interval, so it was 


chosen to keep the most conservative value. 


Table 5.6: MC-2DUHRS resolution  


Depth 


[ms below LAT] 


Frequency 


[Hz] 


RMS Velocity 


[m/s] 


Horizontal resolution 


λ/2 [m] 


Vertical resolution 


λ/4 [m] 


50  460 1700 1.8 0.9 


115 360 1830 2.6 1.3 
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Figure 5.3: Dominant frequency and resolution in MC-2DUHRS lines 


 


For the acquisition of the SBP data, sediment velocities of 1700 m/s and a peak frequency of approx. 


7000 Hz were used, resulting in a calculated vertical resolution of 0.1 m and a horizontal resolution of 


0.2 m.  However, assuming an average vessel speed of 4 knots and approximately 8-9 ping per 


second, the trace interval per the SBP was calculated as 0.25 m. The horizontal data resolution can 


not be minor than the trace interval, so 0.25 m it was chosen as more realistic value. A useful acoustic 


penetration of about 10 ms or approximately 8.5 m below seabed was generally achieved over the 


HKN WFZ.  


For the SC-UHRS data, using 1700 m/s and peak frequency 750 Hz, a vertical resolution of 0.5 m and 


a horizontal resolution of 1 m were calculated (see Table 5.7).  The velocity of 1700 m/s was chosen 


taking in account the interval velocities resulted from the RMS and the picked velocities (see Figure 


5.4). However, assuming an average vessel speed of 4 knots and approximately 1 ping per second, 


the trace interval per the SC-UHRS was calculated as 2.0 m. The horizontal data resolution can not be 


minor than the trace interval, so 2.0 m it was chosen as more realistic value. A useful acoustic 


penetration of about 90 ms or approximately 76 m below seabed was generally achieved over the 


HKN WFZ.  


Table 5.7: SBP and SC-UHRS resolution  


Equipment  Frequency 


[Hz] 


RMS Velocity 


[m/s] 


Horizontal resolution 


(trace interval) [m] 


Vertical resolution 


(λ/4) [m] 


SBP 7000 1700 0.25 0.10 


SC-UHRS 750 1700 2.00 0.50 
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Figure 5.4: Semblance example. Black dots: picked velocities. Orange line: RMS vel curve. 


Green line: Interval velocities.  


 







RIJKSDIENST VOOR ONDERNEMEND NEDERLAND 


HKN - GEOPHYSICAL SITE INVESTIGATION SURVEY 2017 


FUGRO / GH216-R3 / Rev 3   Page 110 of 117  


The interpretation of the seismic data is based on recognition of the sedimentary facies, layer 


continuity and seismic texture of layers identified in the seismic profiles. The surfaces that bound 


these different facies were followed where the acoustic impedance contrast was strong enough to give 


a detectable horizon.  Depending on the lithology of two contiguous units it is possible that the limit 


between them, even if can represent a depositional hiatus or an erosional surface, is not visible on the 


seismic data, due to a lack of acoustic impedance contrast. 


The MC-2DUHRS data were processed in order to remove the seabed multiples with SRME (pre-


stack), demigration demultiple and deconvolution (post-stack) (see Processing Report, Appendix I, for 


further details). The multiple removal worked well, but left some low frequencies at these depths. 


Below the first seabed multiple the presence of dipping noise on the seismic records potentially can 


mask the internal reflections. These potentially misleading events have been identified and not picked 


either as primary reflections or as any component of a seismic facies analysis. 


Five (5) seismic units were identified across the HKN WFZ. Subsequently these units were 


incorporated into the geological framework derived from previous desk studies and geological 


references in the area.  


The present geological model and the identified seismostratigraphic units will be verified and refined, 


where required, upon further geotechnical data acquisition, interpretation and integration. This means 


that interpretations given in this report may require updating in the future. 


It should be noted that there is a limitation to the available dataset for mapping complex 3-dimensional 


geology, due to line spacing: 500 m for the main and the cross lines for MC-2DUHRS data, and 100 m 


for the main lines and 2000 m for the cross lines for SC-UHRS and SBP data. Isolated sub-seabed 


features smaller than 100 m may not be detected if they lie between surveyed lines.  


Horizons were picked utilizing the following criteria. 


 H01: picked from SBP lines mainly and integrated with SC-UHRS and MC-2DUHRS where 


not visible. It was picked at the top of a sub-horizontal weak reflection within the Holocene 


sediments.  


 H05: picked from SBP lines mainly and integrated with SC-UHRS and MC-2DUHRS where 


not visible. It was picked at the top of the seismic interface wavelet identified as the base of 


Holocene sediments. This surfaces discriminates two different seismic facies, above with few 


internal reflections and higher amplitudes, below with more transparent seismic aspect and 


very few, weak and isolated internal reflection. Where the base of Holocene is incised by 


palaeochannels, the seismic aspect is generally characterized by high amplitudes and it is 


difficult to discriminate a single horizon, so horizon H05 was picked at the base of these high 


amplitudes.  


 H10: picked on SC-UHRS and MC-2DUHRS lines. This surface has a discontinuous aspect 


and it is not characterized by normal or reverse amplitude. It was followed taking in account 


the seismic aspect of the deposits above and below, following the main palaeochannel base 


where present. In some areas, the horizon became too discontinuous to be picked due to a 


lack of acoustic contrast between the two units limited by this surface. It is recommended to 
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consider that this surface is a seismo-acoustic, structural indicator, and have geotechnical 


relevance more than stratigraphic. 


 H15: picked from MC-2DUHRS lines principally. It is a highly discontinuous surface, picked in 


correspondence of a downlap surface within Pleistocene deposits of Unit D.  


 H20: picked from MC-2DUHRS and SC-UHRS lines. It is identified by a positive high 


amplitude continuous reflector. This horizon is picked sometimes also if less visible, due to the 


lateral continuity. It is recommended to consider that this surface is a seismo-acoustic, 


structural indicator, and have geotechnical relevance more than stratigraphic. 


The interpreted horizons were integrated utilizing the entire dataset (SBP, SC-UHRS and MC-


2DUHRS) in TWTT below LAT.  Using the seabed depths from MBES as a reference, an isopach in 


metres below seabed was created for each picked surface. For H05 and H10 an average velocity of 


1700 m/s was used to convert from time to depth. For H20 an average velocity of 1750 m/s was used 


to convert from time to depth. The surfaces converted in metres with average velocities were then 


compared with interfaces on MC-2DUHRS data depth converted with a picked, smoothed velocity 


field, in order to evaluate the impact of the single-velocity depth conversion. On H20, at 100 m below 


LAT, the difference between these two surfaces is of approximately 2 m. 


Gridding for each interpreted horizon was performed using Kingdom software vers. 8.8. The cell size 


(25x25 m) was chosen taking into account seismic profiles resolution, line spacing and geological 


surfaces spatial variability. Then, contours were created for each surface (see Table 5.8). Flex 


Gridding algorithm was used for creating these surfaces, and parameters that can be modified are as 


follows: 


 Flex gridding: combines both Minimum Tension and Minimum Curvature into a single routine 


that allows users to select either one or a combination of both. With flex gridding, you can 


easily display the dimension and size of the grid that you want to create. Also, Kingdom 


Software provides advanced options that help you determine the best parameters to use when 


constructing a grid. 


 Search distance (to look for data): enter the maximum projection distance from a control point 


to a point inside the grid. Grid values will not be generated further than this distance from the 


nearest input value location. Where there are large gaps in the interior of data sets being 


gridded, this parameter is useful for suppressing the output of grid values of dubious 


usefulness. Similarly, for 2D data sets having highly irregular exterior boundaries, this 


parameter can control the projection of the grid into areas of no control.  


 Smoothness: could be adjusted from minimum (1) to maximum (11) values in order to apply 


less or more smoothing.  


The results of the interpretation are as follows: 


 Geological cross-sections identifying all significant features and Horizons; 


 Contour maps (isolines) of the significant geological Formations as depth to base of Formation 


below the seabed; 


 Contour maps (isolines) of the significant geological Formations as depth to base of Formation 


referred to LAT;  
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 Locations of any structural complexities or geohazards within the shallow geological 


succession such as faulting, accumulations of shallow gas or buried channels. 


The results were drawn in AutoCAD 2015. 
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Table 5.8: Gridding and contouring methodology and parameters  


 


 


Grids 


Gridding parameters Contours parameters 


Gridding 


method 
Source data Cell size (m) Smooth Type 


Search 


Distance (m) 
Threshold (m) Smoothing 


Sampling 


increment 


H05 below 


LAT 
Flex gridding 


SBP, SC-UHRS, 


MC-2DUHRS 
25 x 25 6 


Minimum 


tension=1 
200 20 high 3 


H05 below 


seabed 
Flex gridding 


SBP, SC-UHRS, 


MC-2DUHRS 
25 x 25 6 


Minimum 


tension=1 
200 20 high 3 


H10 below 


LAT 
Flex gridding 


MC-2DUHRS, 


SC-UHRS 
25 x 25 6 


Minimum 


curvature=0 
100 20 high 3 


H10 below 


seabed 
Flex gridding 


MC-2DUHRS, 


SC-UHRS 
25 x 25 6 


Minimum 


curvature=0 
100 20 high 3 


H20 below 


LAT 
Flex gridding 


MC-2DUHRS, 


SC-UHRS 
25 x 25 6 


Minimum 


curvature=0 
100 30 high 5 


H20 below 


seabed 
Flex gridding 


MC-2DUHRS, 


SC-UHRS 
25 x 25 6 


Minimum 


curvature=0 
100 30 high 5 
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6. CONCLUSIONS 


6.1 Summary 


Fugro successfully performed a geophysical investigation of the Hollandse Kust noord Wind Farm 


Zone. The survey met the stated objectives listed in Section 1.2. The main results are summarized as 


follows: 


 Four (4) wrecks, nine (9) cables and three (3) pipelines from the database were identified from 


the geophysical data. 


 Palaeochannels were interpreted and mapped at the base of Holocene sediments (Unit A/B) 


and at the base of Unit C. Within Unit C and Unit D minor erosional surfaces and numerous 


palaeochannel systems were observed. Individual interpretation of these internal 


palaeochannels is beyond the scope of this work. 


 Boulders were observed on the seabed (top of Unit A) and within Unit C and D. 


 Coarser sediments and gravelly layer are expected within Unit C, D and E, but the complex 


structure of these units does not permit to map defined areas. 


 Glacio-tectonised sediments are expected to be present throughout the entire HKN WFZ at 


the top of Unit D, but the complex structure of this unit does not permit to map defined areas. 


 Three levels of potential CLAY/PEAT and one level of possible gas/fluid charged sediments 


were interpreted and mapped within the HKN WFZ. 


 Three small faults, displacing H20 were observed throughout the HKN WFZ. The presence of 


more faults/fractures that were not detected on the seismic data cannot be ruled out. 


 


6.2 Limitations and Recommendations 


 Some of the SSS data were acquired in marginal weather. Marginal lines were all quality 


controlled and overlaid against adjacent surveyed lines to ensure that the imaging of the 


seabed was of sufficient quality to meet the survey requirements. 


 Magnetometer line spacing is 100 m for the main lines and 2000 for the cross lines, so it is not 


sufficient for an UXO survey. 


 The penetration achieved with the SBP was limited due to the nature of the lithology of the 


site. The overall quality of the data was good, although it was not always adequate to resolve 


geological horizons due to local geological constraints. 


 The SC-UHRS quality was generally good, but decreases below the first seabed multiple, 


showing the higher amplitude horizons only and not the internal structure. 


 The MC-2DUHRS data quality was good, but the seabed multiple residual on the data 


introduce some noise in the data underneath. 


 Line spacing for the SBP and SC-UHRS was of 100 m for the main lines and 2 km for the 


cross lines; for the multichannel MC-2DUHRS data was 500 m for the main and the cross 


lines. Isolated sub-seabed features smaller than 100 m may not be detected if they lie 


between surveyed lines. 


 The constant velocity of 1700 m/s used to convert from time to depth was chosen taking in 


account the interval velocities calculated from the RMS picked ones. With the upcoming 


geotechnical campaign this velocity may be modified, and consequently the conversion from 


time to depth may be corrected in future. 
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 The present geological model and the identified seismostratigraphic units should be verified 


and refined, where required, by geotechnical data acquisition, interpretation and integration. 


Geophysical interpretation is primarily a seismo-acoustic interpretation with very limited 


lithological support from the existing boreholes. The picked surfaces are indicator horizons, 


and have structural or geotechnical relevance more than stratigraphic. Lithological 


descriptions of the identified units are tentative until confirmed by ground investigations.  


 Within the major dredging area the SC-UHRS and the MC-2DUHRS data does not permit to 


follow any seismic interface due to a lack of confidence in picking, and to the structural 


complexity. Several palaeochannels are present in this area, and it is recommended during 


sampling phases to give particular attention to their infill, to better understand their origin. 


 It is recommended that during the ground-truthing phase, a particular attention is to be given 


to the major palaeochannels infill analysis, in order to better understand their geotechnical 


significance, age and environmental genesis. 


 Potential boulders can be encountered within Unit C and D. Geophysical sampling is not 


sufficient to map individual boulders, therefore the results presented here cannot be used to 


eliminate the possibility of presence of a boulder at depth. 


 Coarse sediment layers are expected to be present within Unit C, D and E. Geophysical 


interpretation requires qualification and calibration through intrusive investigations. 


 Deformation structures and possible thrusting features related to glacio-tectonised sediments 


are expected to be present throughout the entire HKN WFZ, especially in the northern part 


between the main palaeochannel at the top of Unit D. Their presence might have an impact on 


the geotechnical parameter range in the uppermost 15-20 metres of Unit D. 


 The interpretation of potential peat layers and shallow gas is only indicative, and needs to be 


qualified by geotechnical investigation to calibrate the patterns within the geophysical data. 
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Drawing Chart Name Scale 


01_GH216_HKN_TRK-MBES_NU_20K_1 
TRACK PLOT MULTIBEAM ECHO 


SOUNDER 
1 : 20,000 


02_GH216_HKN_TRK-MBES_NU_20K_2 
TRACK PLOT MULTIBEAM ECHO 


SOUNDER 
1 : 20,000 


03_GH216_HKN_TRK-SBP_NU_20K_1 TRACK PLOT SUB BOTTOM PROFILER 1 : 20,000 


04_GH216_HKN_TRK-SBP_NU_20K_2 TRACK PLOT SUB BOTTOM PROFILER 1 : 20,000 


05_GH216_HKN_TRK-SCS_NU_20K_1 TRACK PLOT SC-UHRS 1 : 20,000 


06_GH216_HKN_TRK-SCS_NU_20K_2 TRACK PLOT SC-UHRS 1 : 20,000 


07_GH216_HKN_TRK-SSS_MAG_NU_20K_1 
TRACK PLOT SIDE SCAN SONAR & 


MAGNETOMETER 
1 : 20,000 


08_GH216_HKN_TRK-SSS_MAG_NU_20K_2 
TRACK PLOT SIDE SCAN SONAR & 


MAGNETOMETER 
1 : 20,000 


09_GH216_HKN_TRK-UHR_NU_20K_1 TRACK PLOT MULTICHANNEL SPARKER  1 : 20,000 


10_GH216_HKN_TRK-UHR_NU_20K_2 TRACK PLOT MULTICHANNEL SPARKER 1 : 20,000 
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Drawing Chart Name Scale 


11_GH216_HKN_BATHYMETRY_NU_20K_1 SHADED RELIEF BATHYMETRY CHART  1 : 20,000 


12_GH216_HKN_BATHYMETRY_NU_20K_2 SHADED RELIEF BATHYMETRY CHART 1 : 20,000 
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D. SEABED AND SEDIMENT CLASSIFICATION CHARTS 


 


Drawing Chart Name Scale 


13_GH216_HKN_BEDFORMS_NU_20K_1 SEABED CLASSIFICATION CHART 1 : 20,000 


14_GH216_HKN_BEDFORMS_NU_20K_2 SEABED CLASSIFICATION CHART 1 : 20,000 


15_GH216_HKN_SEDIMENTS_NU_20K_1 SEABED CLASSIFICATION CHART 1 : 20,000 


16_GH216_HKN_SEDIMENTS_NU_20K_2 SEABED CLASSIFICATION CHART 1 : 20,000 
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Drawing Chart Name Scale 


17_GH216_HKN_CONTACTS_NU_10K_1 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART  
1 : 10,000 


18_GH216_HKN_CONTACTS_NU_10K_2 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART 
1 : 10,000 


19_GH216_HKN_CONTACTS_NU_10K_3 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART 
1 : 10,000 


20_GH216_HKN_CONTACTS_NU_10K_4 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART 
1 : 10,000 


21_GH216_HKN_CONTACTS_NU_10K_5 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART 
1 : 10,000 


22_GH216_HKN_CONTACTS_NU_10K_6 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART 
1 : 10,000 


23_GH216_HKN_CONTACTS_NU_10K_7 
SIDE SCAN SONAR MOSAIC WITH 


CONTACTS CHART 
1 : 10,000 


24_GH216_HKN_RIBBON_NU_10K_1 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART  
1 : 10,000 


25_GH216_HKN_RIBBON_NU_10K_2 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART 
1 : 10,000 


26_GH216_HKN_RIBBON_NU_10K_3 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART 
1 : 10,000 


27_GH216_HKN_RIBBON_NU_10K_4 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART 
1 : 10,000 


28_GH216_HKN_RIBBON_NU_10K_5 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART 
1 : 10,000 


29_GH216_HKN_RIBBON_NU_10K_6 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART 
1 : 10,000 


30_GH216_HKN_RIBBON_NU_10K_7 
MAGNETOMETER RIBBON WITH 


CONTACTS CHART 
1 : 10,000 
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Drawing Chart Name Scale 


31_GH216_HKN_H05-LAT_NU_20K_1 


DEPTH TO BASE OF HOLOCENE 


(HORIZON H05) METRES REDUCED TO 


LAT 


1 : 20,000 


32_GH216_HKN_H05-LAT_NU_20K_2 


DEPTH TO BASE OF HOLOCENE 


(HORIZON H05) METRES REDUCED TO 


LAT 


1 : 20,000 


33_GH216_HKN_H05-bsb_NU_20K_1 


DEPTH TO BASE OF HOLOCENE 


(HORIZON H05) METRES BELOW 


SEABED 


1 : 20,000 


34_GH216_HKN_H05-bsb_NU_20K_2 


DEPTH TO BASE OF HOLOCENE 


(HORIZON H05) METRES BELOW 


SEABED 


1 : 20,000 


35_GH216_HKN_H10-LAT_NU_20K_1 


DEPTH TO BASE OF KREFTENHEYE 


AND BOXTEL FM. (HORIZON H10) 


METRES REDUCED TO LAT 


1 : 20,000 


36_GH216_HKN_H10-LAT_NU_20K_2 


DEPTH TO BASE OF KREFTENHEYE 


AND BOXTEL FM. (HORIZON H10) 


METRES REDUCED TO LAT 


1 : 20,000 


37_GH216_HKN_H10-bsb_NU_20K_1 


DEPTH TO BASE OF KREFTENHEYE 


AND BOXTEL FM. (HORIZON H10) 


METERS BELOW SEABED 


1 : 20,000 


38_GH216_HKN_H10-bsb_NU_20K_2 


DEPTH TO BASE OF KREFTENHEYE 


AND BOXTEL FM. (HORIZON H10) 


METRES BELOW SEABED 


1 : 20,000 


39_GH216_HKN_H20-LAT_NU_20K_1 


DEPTH TO INTRAFORMATIONAL CLAY 


LEVEL WINTERTON SHOAL FM. 


(HORIZON H20) METRES REDUCED TO 


LAT 


1 : 20,000 


40_GH216_HKN_H20-LAT_NU_20K_2 


DEPTH TO INTRAFORMATIONAL CLAY 


LEVEL WINTERTON SHOAL FM. 


(HORIZON H20) METRES REDUCED TO 


LAT 


1 : 20,000 


41_GH216_HKN_H20-bsb_NU_20K_1 


DEPTH TO INTRAFORMATIONAL CLAY 


LEVEL WINTERTON SHOAL FM. 


(HORIZON H20) METRES BELOW 


SEABED 


1 : 20,000 


42_GH216_HKN_H20-bsb_NU_20K_2 


DEPTH TO INTRAFORMATIONAL CLAY 


LEVEL WINTERTON SHOAL FM. 


(HORIZON H20) METRES BELOW 


SEABED 


1 : 20,000 
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G. GEOLOGICAL PROFILES 


 


Drawing Chart Name Scale 


43_GH216_HKN_LP-V5P2700_10K_1 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-P2700) 


1 : 10,000 


44_GH216_HKN_LP-V5P2700_10K_2 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-P2700) 


1 : 10,000 


45_GH216_HKN_LP_V5-S1300_10K_1 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-S1300) 


1 : 10,000 


46_GH216_HKN_LP_V5-S1300_10K_2 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-S1300) 


1 : 10,000 


47_GH216_HKN_LP_V5-S6300_10K_1 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-S6300) 


1 : 10,000 


48_GH216_HKN_LP_V5-S6300_10K_2 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-S6300) 


1 : 10,000 


49_GH216_HKN_LP_V5-X-S9000_10K_1 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-V5-X-S9000) 


1 : 10,000 


50_GH216_HKN_LP_V5-X-S9000_10K_2 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-V5-X-S9000) 


1 : 10,000 


51_GH216_HKN_LP_V5-X-S1000_10K_1 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-X-S1000) 


1 : 10,000 


52_GH216_HKN_LP_V5-X-S1000_10K_2 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-X-S1000) 


1 : 10,000 


53_GH216_HKN_LP_V5-X-P7000_10K 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-X-P7000) 


1 : 10,000 


54_GH216_HKN_LP-V5-X-P13000_10K 


INTERPRETED SBP, SC-UHRS and MC-


2DUHRS SEISMIC SECTIONS (BASED 


ON SURVEY LINE V5-X-P13000) 


1 : 10,000 
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H. GEOHAZARD CHART 


 


Drawing Chart Name Scale 


55_GH216_HKN_ GEOHAZARD_NU_20K_01 GEOHAZARD CHART 1 : 20,000 


56_GH216_HKN_ GEOHAZARD_NU_20K_02 GEOHAZARD CHART 1 : 20,000 
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