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Executive Summary 

Fugro positioned the Skandi Vega and its ROV during the 
survey operations for the Njord A in Halsnøyfjorden. The 
project took place from 13 to 15 February 2021. 
Scope of Work 

The scope of work comprised positioning the Skandi Vega and its ROV during the survey of eight 
mooring-line corridors and the attempt to locate two cables at Halsnøyfjorden prior to prelay 
operation for the Njord A.  

Methodology 

Fugro positioned the Skandi Vega using Fugro’s Starfix high performance positioning services. The 
primary and secondary positioning solutions were Starfix.G2+ and Starfix.XP2 respectively. Fugro used 
the StarPack GNSS Heading solution as the primary heading sensor; we also interfaced any other 
available azimuth sensors into the navigation system. The vessel’s USBL system was used for subsea 
positioning. Fugro interfaced all navigation sensors into the Starfix Suite. 

Summary of Operations 

Fugro personnel arrived onboard the Skandi Vega on 13 February 2021. The vessel arrived at 
Halsnøyfjorden on 14 February 2021, and performed the ROV survey from 07:08 to 22:34.Fugro 
departed the vessel on 15 February 2021. 

Results 

All eight mooring line corridors were visually surveyed without findings; the inspection of the seabed 
indicated soil characteristics consisting of soft clay. 

Only weak and sporadic signals were detected when using a pipe tracker along the Telenor 
telecommunications cable in the chart, and it was not possible to confirm if the signals indicated the 
cable or noise or from other objects underneath the seabed. 

The SOW included a map indicating another possible route for the Telenor telecommunication cable; 
the pipe-tracker received signals at one location, but it was not possible to conclude whether this was 
the actual cable.  

The survey of the BKK fibre optic cable on the west side of the planned mooring-spread location, 
aligned well with the electronic background chart. 

Conclusions and Recommendations 

The navigation system performed well during the project. The route of the Telenor telecommunication 
cable described in the SOW, should have been included in the background chart. 
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Survey Plot 
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1. Introduction 
1.1 Scope of Work 

Equinor ASA contracted the Skandi Vega to survey eight mooring line corridors for the 
Njord A at Halsnøyfjorden.  

Equinor ASA contracted Fugro to provide positioning of the Skandi Vega and its ROV during 
the prelay and survey operations. Fugro was also to report the results of the ROV survey. 

1.2 Reference Documents 

Table 1.1 lists the reference documents that we used during the project. 

Table 1.1: Reference Documents 

Document Number Title 

GM-0691-0941-R199 R02  Njord Future – Towing, mooring installation and connection of Nord A and 
B 2018-2021 

0691-0941-NJA-2021-SK-301-
Inshore ML-Pre Hook-Up Inshore ML-Pre Hook-Up DWG file 

2021-746 Fugro Bestilling 2021-746 Njord A ROV support @ Klosterfjorden 

EUAF-FNAS-MPCS-PR-001 General Positioning Procedure 

1.3 Definitions 

Table 1.2 lists the parties involved in the project. 

Table 1.2: Definitions 

Role Company 

Client Equinor ASA 

Survey Contractor Fugro 

ROV Operator DOF Subsea 

1.4 Personnel 

Table 1.3 lists the personnel involved in the project. 

Table 1.3: Personnel 

Position Company Name 

Marine Representative Equinor ASA Jan Petter Leirvåg 

Survey Party Chief Fugro Ingvill Hermansen 

Surveyor Fugro Endre Riise 
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1.5 Vessels 

Table 1.4 lists the vessels and ROVs involved in the project. 

Table 1.4: Vessels 

Type Name 

Anchor Handling Vessel Skandi Vega 

ROV Supporter 
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2. Project Summary 
2.1 Operational Summary 

Fugro personnel arrived onboard the Skandi Vega on 13 February 2021. The vessel arrived at 
Halsnøyfjorden on 14 February 2021, and started ROV survey at 07:08; the operation was 
finished by 22:34 on 14 February 2021. 

Fugro personnel departed the vessel on 15 February 2021. 

Table 2.1 lists the key events during the execution of the project. 

Table 2.1: Key Events 

Event Date 
Time 

[UTC+1] 

Fugro personnel boarded the vessel 13 February 2021 19:00 

Survey equipment mobilised 13 February 2021 21:50 

Skandi Vega arrived at Halsnøyfjorden 14 February 2021 06:30 

Started survey at Halsnøyfjorden 14 February 2021 07:08 

Finished survey at Halsnøyfjorden 14 February 2021 22:34 

Started mooring corridor surveys at Halsnøyfjorden 14 February 2021 14:09 

Finished mooring corridor surveys at Halsnøyfjorden 14 February 2021 19:45 

Skandi Vega arrived at port of demobilisation 15 February 2021 10:15 

Fugro personnel departed the Skandi Vega 15 February 2021 12:30 

Appendix A contains the daily log which covers the entire execution of the project. 

2.2 Project Experience 

The background chart did not include the expected route of the Telenor telecommunication 
cable on the east side of the planned mooring spread. The pipe-tracker only detected weak 
and sporadic signals from this cable, and it was not possible to conclude either way if the 
signals indicated the telecommunication cable or other objects underneath the seabed. 

The BKK fibre optical cable was traced with a clear and strong signal. The findings aligned 
well with the provided information. 

No obstructions or corals were detected during the survey of mooring line corridors. 

2.3 Technical Experience 

All Fugro positioning equipment performed well throughout the project. 
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3. Position Reference Data 
3.1 Geodetic Parameters used at Halsnøyfjorden 

Table 3.1 describes the project coordinate reference system (CRS) and any transformations 
used at Halsnøyfjorden, while Table 3.2 presents the test point used to validate the 
corresponding settings in the navigation system. 

Table 3.1: Coordinate Reference System Details 

 

Table 3.2: Geodetic Test Point 

 

 

  



Equinor ASA 
 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Page 5 of 10 

3.2 Provided Location Information 

3.3 Intended Locations 

Table 3.3 contains the intended position of Njord A at Halsnøyfjorden. 

Table 3.3: Intended Rig Position at Halsnøyfjorden 

Latitude 59° 45′ 09.973” N 

Longitude 005° 35′ 40.127” E 

Easting 308 688.00 m 

Northing 6 628 792.00 m 

Notes:  
Geodetic Parameters: ETRS89 / UTM zone 32N [EPSG-eur] 

Table 3.4 contains the intended anchor positions at Halsnøyfjorden. 

Table 3.4: Intended Anchor Positions at Halsnøyfjorden 

Anchor 
Number 

Easting 
[m] 

Northing 
[m] 

Distance 
[m] 

Bearing 
[°] 

Source of Position 

3 309 940.43 6 628 968.09 1265 082.0 Scope of work 

4 309 851.48 6 628 298.13 1264 113.0 Scope of work 

5 309 181.87 6 627 628.51 1264 157.0 Scope of work 

6 308 555.72 6 627 533.67 1265 186.0 Scope of work 

12 307 423.95 6 628 725.75 1266 267.0 Scope of work 

13 307 524.83 6 629 285.74 1264 293.0 Scope of work 

14 308 194.27 6 629 955.16 1264 337.0 Scope of work 

15 308 710.10 6 630 057.91 1266 001.0 Scope of work 

Notes: 
All bearings are relative to grid north 
Geodetic Parameters: ETRS89 / UTM zone 32N [EPSG-eur] 
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4. Equipment and Verifications 
4.1 Skandi Vega Positioning Equipment 

Table 4.1 and Table 4.2 list the positioning equipment installed onboard the Skandi Vega and 
its ROV, respectively. 

Table 4.1: Skandi Vega Positioning Equipment 

System Manufacturer Type or Solution 

Primary Positioning Solution Fugro Starfix.G2+ 

Secondary Positioning Solution Fugro Starfix.XP2 

GNSS Positioning and QC Fugro StarPack 

Primary Heading Source Fugro StarPack GNSS Heading 

Secondary Heading Source Sperry Marine Navigat X MK1 

Navigation Software Fugro Starfix Suite 2018 SP1 R20 

Table 4.2: ROV Positioning Equipment 

System Manufacturer Type or Solution 

Primary Positioning Solution Kongsberg MST 319 

Secondary Positioning Solution Kongsberg MST 319 

Primary Heading Source CDL TOGS 

Pressure Sensor SAIV TD303 

Pipe-tracker TSS TSS 

4.2 Verification Results 

4.2.1 GNSS Verification 

Fugro performed a GNSS health-check through StarfixNG’s positioning comparison report on 
13 February 2021 while the Skandi Vega was at Bergen. We logged the primary and 
secondary positioning systems for 15 minutes and compared the results. Table 4.3 
summarises the results, and Appendix B.1 contains the full report. 

Table 4.3: GNSS Verification at Bergen 

Positioning Source 
Easting 

[m] 

SD  
Easting 

[m] 

Northing 
[m] 

SD  
Northing 

[m] 

Delta 
 Easting 

[m] 

Delta 
Northing 

[m] 

GNSS Fwd 
Starfix.G2+ 296 722.211 0.01 6 700 219.851 0.02 NA NA 

GNSS Stbd 
Starfix.XP2 296 722.353 0.01 6 700 219.833 0.02 0.14 –0.01 

Notes: 
SD = Standard deviation 
Geodetic parameters : ETRS89 / UTM zone 32N [EPSG-eur] 
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4.2.2 Heading Verification 

Fugro logged a heading verification on 13 February 2021, while the vessel was at Bergen. We 
logged heading data for 40 minutes and calculated the results using Fugro’s GNSS and 
Heading Verifications Spreadsheet. The output of a StarPack’s GNSS Heading solution was 
used as the computed heading; see Appendix D.1.2 for details on the solution.  

Table 4.4 summarises the results, and Appendix B.2 contains the full report. 

Table 4.4: Heading Verification Results 

Heading Sensor 
C-O 
[°] 

C-O SD 
[°] 

StarPack GNSS Heading –351.41 NA 

Vessel Gyro 1 –0.79 0.06 

Vessel Gyro 2 –1.96 0.04 

Notes: 
C-O = Computed minus observed 
SD = Standard deviation 
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5. Results 
5.1 ROV Survey at Intended Mooring Lines 

All eight mooring line corridors were visually surveyed without any boulders, pockmarks, 
scars, or corals found. The inspection of the seabed indicated soil characteristics consisting of 
soft clay. 

The mooring line corridors were extended behind each planned anchor location, to allow for 
line lengths to be extended if needed. 

5.2 ROV Survey at Telenor Cable 

A TSS pipe tracker was installed on the ROV, and a survey along the route of the Telenor 
telecommunication cable indicated on electronic chart was attempted. Only weak and 
sporadic signals were detected, and it was not possible to confirm if the signals indicated the 
cable or noise or from other objects underneath the seabed.  

The SOW included a map indicating another possible route for the Telenor 
telecommunication cable, which was not included in the electronic chart. Based on water 
depth, elevations and known features, another attempt was made to locate the cable. At one 
location the pipe-tracker received signals that could align with the Telenor communication 
cable, but it is not possible to make this conclusion. 

5.3 ROV Survey at BKK Fibre Optic Cable 

The survey of the BKK fibre optical cable on the west side of the planned mooring-spread 
location aligned well with the electronic background chart. The signal from the pipe-tracker 
was clear throughout the surveyed route, and the cable was also exposed for a few metres 
along the route. 

No noticeable debris was detected during the survey. 
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5.4 Survey Plot Overview at Halsnøyfjorden 

 
Figure 5.1: Survey Plot Overview at Halsnøyfjorden 
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6. Health and Safety 
All Fugro personnel attended a safety induction where they were made familiar with the 
vessel’s safety equipment and routines.  

Before starting to work, Fugro reviewed the generic risk assessment for offshore work along 
with the planned work scope. The risk assessment is available in Appendix E.1. Any hazards or 
risks which were not covered in the generic risk assessment were addressed though Fugro’s 
task risk assessments (TRAs), and control measures were put in place so that the operation 
could be completed in a safe manner.  

All Fugro personnel held job specific toolbox talks before starting work to remind all 
personnel of the hazards and control measures required for the task at hand. Any changes to 
the work environment, the risks, or the task since the review of the risk assessment were also 
discussed in the toolbox talk. 

Table 6.1: Project HSE Statistics 

Activity Number Comments 

Personnel inductions 0  

Project HSE briefings 0  

Risk assessments 0  

Toolbox talks 0  

Safety observations 0  

Undesired events 0  

Emergency drills 0  

Safety meetings 0  
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A.1 Daily Log for the Skandi Vega 
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B.1 GNSS Verification 

 
  



Equinor ASA 
 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Appendix B | Page 2 

B.2 Heading Verification 
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B.3 Offsets 

B.3.1 Skandi Vega Offsets 

 

 

Point 
X 

[m] 
Y 

[m] 
Z 

[m] 

CommonReferencePoint 0.00 0.00 0.00 

Fwd GNSS 0.10 31.49 27.67 

HPR –0.60 –6.83 –10.05 

Prt GNSS –1.57 19.96 33.17 

Stb GNSS 1.92 19.42 33.16 

Stern 0.00 –55.62 0.00 
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B.3.2 Skandi Vega ROV Offsets 

 

 

Point 
X 

[m] 
Y 

[m] 
Z 

[m] 

CommonReferencePoint 0.00 0.00 0.00 

RP –0.16 –0.18 1.90 

TP 0.16 –0.18 1.90 



Equinor ASA 
 

[Document No.] [00] | 161637-07-REP-001 I1 Survey Halsnøyfjorden.docx 
Appendix C | Page 0 

 

 

  

Appendix C  
Field Memo 



Equinor ASA 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Appendix C | Page 1 

 



Equinor ASA 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Appendix C | Page 2 



Equinor ASA 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Appendix C | Page 3 



Equinor ASA 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Appendix D | Page 0 

 

 

  

Appendix D  
System Descriptions 



Equinor ASA 
 

161637-07-REP-001 Issue 1 | Survey for Njord A at Halsnøyfjorden 
Appendix D | Page 1 

D.1 Positioning and Heading Systems 

D.1.1 StarPack 

A StarPack unit consists of a survey grade GNSS receiver and powerful processor, running the 
Linux multi-tasking operating system. The receiver can track all current satellites (GPS, 
GLONASS) and is Galileo ready. A StarPack can be extended with a second receiver (in the 
same unit), or two units can be networked together to provide accurate, GNSS derived 
heading.  

Computational features of the StarPack are: 

 Input of multiple corrections sources;  
 Two independent calculation engines – developed by two different Fugro development 

centres; 
 Multiple position calculations and outputs, including, Starfix.G2, Starfix.XP2 and Starfix.L1; 
 A heading solution between two GNSS antennas. 

For configuration and computational QC, the StarPack provides a web interface. 

D.1.2 GNSS Heading 

Fugro’s StarPacks use a precise relative positioning (PRP) engine to calculate the real-time 
heading between two GNSS antennas; the accuracy of the solution is better than 0.1° for 
baselines longer than three metres. The StarPacks’ GNSS Heading Solution outputs the result 
of the PRP engine. To determine at the rig’s true heading, Fugro applies a correction angle to 
the output heading based on the known offset coordinates of the GNSS antennas.  

D.1.3 Starfix.G2 

Fugro's Starfix.G2 is a GPS and GLONASS (Russian Global Satellite Navigation System) 
positioning system that is based on orbit and clock corrections generated from Fugro's own 
expanded network of dual system reference stations. Starfix G2 uses precise point positioning 
(PPP) technology, which distinguishes itself from the traditional differential approach as 
satellite errors are not lumped together but estimated at the source on a per satellite basis. 
The GPS, GLONASS, Galileo and BeiDou orbit and clock corrections are computed separately, 
free of ionospheric and tropospheric effects. The system has positional accuracies of better 
than 10cm and 20cm (2σ) in the horizontal and vertical planes respectively. 

D.1.4 Starfix.XP2  

Fugro's Starfix.XP2 is a GPS and GLONASS positioning system that is based on orbit and clock 
corrections obtained from a third party supplier. Starfix.XP2 also utilises Precise Point 
Positioning (PPP) technology, but apart from that it is 100% independent to Starfix.G2. 
Further positional enhancements are undertaken in Fugro's software resulting in positional 
accuracies of better than 10cm and 20cm (2σ) in the horizontal and vertical planes 
respectively; 
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D.1.5 Starfix.G2+ Ultra-Precise Corrections and Computations 

Fugro’s Starfix.G2+ is an ultra-precise GPS and GLONASS Global Positioning Service, using 
Clock and Orbit Corrections enhanced with carrier-phase corrections. Starfix.G2+ is an 
enhancement of Fugro’s highly regarded Starfix.G2 service and utilises advanced GNSS 
augmentation algorithms developed in-house by our leading GNSS augmentation experts. 
Fugro’s worldwide network of reference stations monitors the code and carrier-phase signals 
transmitted by GPS and GLONASS satellites. These observations are processed centrally in 
real-time using the company’s proprietary algorithms to generate precise corrections, which 
are used to augment the standard signals broadcast by GPS and GLONASS satellites. 
Customers receive corrections via seven high-powered communications satellites, providing 
at least two independent Starfix.G2+ data sources. The resulting positional accuracies are 
better than 3cm and 6cm (2σ) in the horizontal and vertical planes respectively. 

D.1.6 EuroDrone 

The EuroDrone is Fugro Norway’s remote target tracking device. All modules are integrated 
in a single masthead unit and include an Integrated GPS heading device, L-band receiver, 
processor and radio modem. The EuroDrone is the main part of a portable system for remote 
target tracking and it contains satellite RF receiving and signal processing components. 
Ancillary equipment is plugged into the ethernet connector of a computer. 

D.2 Software Systems 

D.2.1 StarfixNG 

StarfixNG is Fugro’s software platform for offshore survey operations. It has been built using 
the latest development tools and techniques. Flexibility and scalability on top of a robust 
layer of common positioning, navigation and QC functions allow StarfixNG to be adapted to 
any type of job. With its ‘solution’ approach, specific functionality is available as building 
blocks to be used as needed.  

The software: 

 Covers a wide range of offshore survey job types. Dedicated solutions for specific tasks 
can be configured in any combination, which allows seamless transition between 
activities on the same job; 

 Has extensive hardware support. A large database with sensor codecs and vessels are 
included. Fugro hardware like StarPack and StarPort is automatically detected and can be 
configured once connected. The diagram style hardware configuration offers an intuitive 
user interface; 

 Integrates with Starfix Real time Suite. The internal message protocol is compatible with 
Starfix Real time Suite, providing the flexibility to exchange data with existing modules 
and run them simultaneously; 
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 Uses industry standards. StarfixNG uses various industry standards like the EPSG Geodesy 
database and ENC background maps. Also de-facto standards like Autocad .dwg for 
exchange of CAD data are well supported. 
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E.1 Fugro Norway AS Generic Risk Assessment for Positioning and Construction Support Field Work 
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