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1 OVERVIEW  

1.1.1.1 This document provides the Applicant’s response to bp’s Deadline 6 submission (REP6-046) 
and closing remarks. The Applicant has prepared this response mindful of the significant 
volume of information already before the Examining Authority in relation to coexistence 
between Hornsea Four and the NEP project in the “overlap zone”, and the multiple 
submissions already made orally and in writing by the parties during Examination.  

1.1.1.2 As such, the Applicant has focused this response on the following points:  

a) the decision making “flow-chart” provided by bp at Annex 8;  

b) bp’s proposed protective provisions provided at Annex 2; and  

c) bp’s further response to the “Sewell Report” provided at Annex 4.   

1.1.1.3 For completeness, the Applicant can also confirm it has updated its proposed protective 
provisions for bp within Part 8 of Schedule 9 of the draft DCO at Deadline 7 as follows:  

a) paragraph 2(b) has been amended for clarity, to specify that the consents required 
for the NEP Project must be obtained within four months of the coming into force 
of the Order;  

b) paragraph 10(b) has been updated to require that the crossing and proximity 
agreement between the parties must take account of a minimum distance 
between each turbine generator of 2,000m in all directions from the centre point 
of the turbine, in respect of the undertaker’s works (i.e. those in the overlap zone).   

1.1.1.4 The Applicant’s proposed protective provisions provide the only course of action which 
achieves national policy requirements for co-existence.   

1.1.1.5 The Applicant is of course happy to address any further queries the Examining Authority has 
in relation to co-existence prior to the end of Examination.  
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2 DECISION MAKING FLOW CHART  

2.1.1.1 bp has provided a “Summary Decision Tree for ExA/SoS” at Annex 8 of its response.  

2.1.1.2 In that response, bp states that:  

a) if the ExA / SoS consider co-location feasible in “the Exclusion Area” (i.e. the overlap 
zone) then NEP would not develop the Endurance store in the Exclusion Area if wind 
turbines are also located there; and  

b) if there is no provision addressing the risk of “significant compensation” in the 
Interface Agreement (IA) as a result of the Exclusion Area, then NEP would “in all 
likelihood” not utilise the Endurance Store in the Exclusion Area.  

2.1.1.3 The Applicant queries the accuracy of the statements made in the flowchart.   

2.1.1.4 bp entered into a Deed of Covenant and Adherence to the IA only last year (10 February 
2021) based on terms which:  

a) were fully transparent as to the existence and nature of the Applicant’s right to 
develop Hornsea Four in the overlap zone;  

b) have the stated aim of seeking “to ensure successful co-existence of wind and 
carbon storage projects on an overlapping area of seabed”;  

c) contain a detailed set of provisions relating to compensation for any loss, should co-
existence not be possible, with a related dispute mechanism.  

2.1.1.5 bp has not submitted any evidence to the Examination to justify its move from a position of 
“adherence” to the terms of the IA in 2021, to now in mid-2022 alleging it renders its East 
Coast Cluster (ECC) plan unviable (see e.g. paragraph 2.4 and paragraph 3.10.1 of bp’s 
Deadline 6 submission and bullet 2 in the “Outcomes” box of the decision tree).   

2.1.1.6 bp is a commercial entity with a prominent position in the UK energy market.  It is difficult to 
conceive that bp entered into an agreement which rendered its ECC plan unviable only 18 
months ago.  If the IA was fatal to the ECC plan as bp now alleges, then it would have been 
open to bp not to participate in the ECC plan rather than accede to the terms of the IA.  It 
did not do so, and instead, it freely covenanted to adhere to the terms of the IA without 
substantive modification.  bp has also continued to develop the ECC cognisant of the terms 
of the IA.   

2.1.1.7 It is clear that the IA provides a workable solution via facilitating coexistence between the 
parties, or otherwise providing for compensation.  Nevertheless, given bp’s submission that 
the IA is not fit for purpose (see e.g. pdf page 71 of bp’s Deadline 3 submission REP3-047), it is 
notable that bp has never expressly sought to renegotiate the terms of the IA with the 
Applicant, including the terms on which compensation is payable.   

2.1.1.8 Finally, as explained in its previous submissions and further elaborated in part 4 below, the 
Applicant is confident that Hornsea Four and the NEP Project can achieve co-existence in the 
overlap zone and bp would not be required to abandon its development of the Endurance 
store in the overlap zone, should wind turbines associated with Hornsea Four be consented 
in that area.  
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3 BP’S PROPOSED PROTECTIVE PROVISIONS  

3.1.1.1 bp has provided revised protective provisions at Annex 2 of its response.   

3.1.1.2 The Applicant fundamentally disagrees with these provisions for the following reasons:  

a) rather than working from a premise of seeking to achieve co-existence, the provisions 
operate as an exclusion of Hornsea Four from the overlap zone at bp’s sole discretion 
for a period of three years (“the Longstop Date” which is in effect a longstop period).  
There is no incentive on bp to seek to achieve co-existence within this timescale.  This 
is fundamentally contrary to policies supporting co-existence and the national need 
for both offshore wind and carbon capture and storage; 

b) the compensation provisions are unnecessary and unworkable.  Firstly, they are 
unnecessary as the IA already provides a framework for compensation as agreed 
between the parties only as recently as last year (where no renegotiation was 
sought).   Secondly, the provisions are unworkable the Applicant will not obtain 
certainty as to whether compensation is payable until the Longstop Date, with 
payment not being made until some years later;  

c) during the lengthy longstop period, the Applicant will be forced to work on the 
premise that it will not be permitted to develop Hornsea Four in the overlap zone.  
As Hornsea Four is a single phased project, this means that the Applicant will most 
likely be unable to accommodate development in the overlap zone within its project 
programming in the event bp waives its requirement for the exclusion zone before 
the Longstop Date.  Ultimately this could mean that no project is located within the 
overlap zone, with detrimental results for UK policy for energy security and net zero. 
As described in the Applicant’s previous submissions, this would also result in an 
increased WTG density in a smaller developable area outside of the overlap zone, 
which would lead to increases the wake loss impacts of the wind farm and can have 
a significant effect on the generation performance. In turn, increased wake losses 
also increase the detrimental impact on the overall business case for the project, 
particularly should Hornsea Four enter into the highly competitive Contract for 
Difference Auction Round model where projects are effectively competing against 
other projects. An inefficiently designed wind farm with high wake losses is very likely 
to be at a significant disadvantage;  

d) the provisions no longer seek to disapply the IA in its entirety but instead seek to 
remove the liability of bp to the Applicant under that agreement.  The Applicant has 
made detailed legal submissions against the disapplication of the IA in REP5-076, 
which apply equally to bp’s revised draft protective provisions, but are not repeated 
here.  The Applicant maintains its position that the disapplication of provisions of the 
IA would be to deprive the Applicant of its contractual rights in an unprecedented 
manner, which is not in the public interest, and that there are alternative means 
freely available to the parties to revisit compensation quantum via renegotiation of 
commercial terms.  The Applicant also maintains that such a provision requires 
consent from The Crown Estate, which has not been provided, nor is it likely to be 
given The Crown Estate’s submissions to the Examination on this point.  The 
Applicant refers to The Crown Estate’s Deadline 6 response (REP6-066) and 
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ultimately considers disapplication of terms of the Interface Agreement to be a 
closed point (see also the Applicant’s response at REP5a-021). 

3.1.1.3 The Applicant’s position is that bp’s proposed protective provisions are unjustified and not 
supported by policy.   

3.1.1.4 The Applicant also continues to question bp’s assertion (which appears in part to drive its PPs 
and its rejection of the Applicant’s), that NEP will take a Final Investment Decision on the 
NEP Project in June 2022.  According to bp’s Deadline 1 submission, the NEP Project involves 
“two offshore pipelines leading from each of Teesside and Humber to the Endurance Store” 
(see paragraph 2.3 of pdf page 121 of REP1-057).  

3.1.1.5 The DCO application for the Net Zero Teesside project is currently in Examination, with a 
decision expected in May 2023 (following which there will be a six-week period for legal 
challenge).  The DCO application for the Humber Low Carbon Pipelines project (part of Zero 
Carbon Humber) has not yet submitted its DCO application (expected Q3 2022 according to 
the PINS portal).  It would be highly unusual for bp to take FID on the “NEP Project” in June 
2023 without key consents in place.  This consenting uncertainty would also be coupled with 
uncertainty regarding the timetable for BEIS progressing the delivery investment model for 
CCUS.     

 

4 RESPONSE TO BP’S FURTHER COMMENTS ON THE SEWELL REPORT  

4.1.1.1 The Applicant has included Mr Sewell’s response to bp’s comments on his report as an Annex 
1 of this response.  

4.1.1.2 This is supported by the following additional annexes:  

a) Annex 2: Energy Integration Project Phase 3 Spatial Co-Location Project, NSTA, 
June 2022;  

b) Annex 3: CCS MMV & Spatial Co-Location Project, NSTA, 26 July 2022;  

c) Annex 4: Measurement, monitoring and verification (MVV) of Carbon Capture 
Storage (CCS) Projects with Co-Location considerations, NSTA, July 2022. 

4.1.1.3 For the avoidance of doubt, Mr Sewell’s report and subsequent submissions are 
supplemental to the evidence in the OREC/NZTC report and do not supersede it, as alleged 
by bp at paragraph 5.2 of its Deadline 6 submission (REP6-046).  

4.1.1.4 Finally, as Mr Sewell notes, the issues pertaining to access (rigs, wells and helicopter access 
requirements) were outside of the scope of his report. Nevertheless, the Applicant has 
provided a response to these matters in its Deadline 1 submission (REP1-057) and is confident 
that coexistence on these matters is achievable, in line with policy, as it is for oil and gas 
operators in the vicinity of offshore wind farms, including Hornsea Four. 
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5 FINAL COMMENTS  

5.1.1.1 The Applicant is advancing a position of facilitating coexistence, supported by public policy 
and a commercial agreement entered into between willing parties since 2013 (and to which 
bp acceded in 2021).   

5.1.1.2 The Applicant acknowledges that policy supports development of offshore wind and CCUS, 
both of which are critical to the UK achieving its net zero target and mitigating the effects 
of climate change.   

5.1.1.3 The Applicant is clear however that the public interest in the delivery of the full capacity of 
Hornsea Four has increased since the submission of its DCO application.   

5.1.1.4 The need for Hornsea Four has been established in F1.6: Statement of Need (APP-234), 
however given the significant change to the global energy landscape, and the publication of 
the British Energy Security Strategy, this need has been strengthened, as set out in the 
Addendum to the Statement of Need which is provided alongside this submission at Deadline 
7.  

5.1.1.5 Notably, the British Energy Security Strategy establishes a policy to deliver 50GW of 
offshore wind by 2030.  To put that into context, the Addendum to the Statement of Need 
finds that National Grid’s TEC Register lists 51GW of offshore wind projects with connection 
dates before 2029, of which 20GW are connected or committed to delivery.  It finds that 
97% of those projects must connect, at their current estimated capacity and without delay, 
in order to meet the BESS aim of 50GW of offshore wind operational and connected by 2030. 
There is no scope for delay or attrition if energy security and net zero policies are to be 
delivered. 

5.1.1.6 As such, it is imperative that Hornsea Four is delivered in a timely manner, maximising its full 
capacity to not only meet net zero targets, but to provide much needed security of supply 
to the GB grid.   

5.1.1.7 As acknowledged in the Addendum to the Statement of Need, whilst CCUS retains its 
important place within the BESS, it has not attracted a more prominent role relating to 
energy security, given it is an enabler of eliminating carbon emissions from fossil fuel use, 
rather than providing a power source in itself (unlike Hornsea Four).   
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Feedback on bp’s further technical response Annex 4 – 06/08/2022 

In 2.1.4 bp states that hybrid OBN and towed streamer seismic data would not provide a “consistent, reliable and 
repeatable seismic image”.  The NSTA co-location slides [1] provide an example of hybrid streamer and OBN survey 
around an obstructed area in Malaysia (slide 11), and although this does not appear to be for 4D purposes, there is 
no reason why a hybrid survey would be less repeatable than individual streamer or OBN surveys. 

2.6 states “Given Mr Sewell’s agreement with bp’s position concerning emerging technologies and the need for NEP’s 
MMV plan for Endurance to use 3D/4D seismic imaging, the evidence before the Examining Authority does not 
support finding that emerging technologies would allow co-existence to occur in the Exclusion Area or that NEP does 
not need to use 3D/4D seismic imaging in its MMV plan”  

It is my opinion however (and I believe bp’s also based on section 3.1 of Annex 4) that neither OBN nor P-Cable are 
“emerging technologies” but are proven technology in general, even if not yet for 4D for CO2 monitoring. The 
NSTA co-location slides [1] and [2] provide ample evidence of this for OBN, including bp’s experience at Clair 
Ridge, slides 19 and 20 in the June 2022 slide pack [1]. 

2.16 states “Given Mr Sewell’s agreement with bp’s position on these issues [the use of streamers in a wind farm and 
P-Cable in general], the evidence before the Examining Authority does not support finding either that a grid 
formation of 2x2km would allow co-location in the Exclusion Area or that NEP could use short streamers of less than 
200m to acquire seismic data in the event wind turbines were present in the Exclusion Area.” 

To clarify the point made in this section, my opinion is limited to saying that P-Cable on its own is not a viable 
solution for Endurance. However P-Cable in addition to OBN is a viable solution. OBN would be targeting the 
Bunter reservoir and sealing formations directly overlaying the Bunter, while the P-Cable would be targeting the 
shallowest formations from seabed to 500m TVDSS. 

4.1 describes bp’s initial response to my report and that the scope and timeframe of the field trials and modelling I 
suggested are unrealistic. I think there is a misunderstanding about the nature of the field trials and modelling that I 
was suggesting. The field trials I was proposing are related to logistics rather than direct data quality and so do not 
require a full 3D seismic survey to be acquired and processed. 

4.7.2 states “if in theory it might be possible to use OBN to acquire good quality seismic data at Endurance, if there 
were wind turbines in the Exclusion Area, then no matter how good the quality of the data, there would be “gaps” in 
the seismic data at the location of the wind turbines. …. This means that no matter how good the seismic data 
acquired by OBN and P-cables might be, it would not be sufficient for NEP’s MMV plan as NEP would not be able to 
image the complete Endurance store” 

The purpose of the field trials and modelling that I am suggesting is to show whether or not this is the case. The 
field trials would show how close to a wind turbine nodes and air guns could be used. The modelling would show 
the impact of this on seismic data quality and ability to monitor the CO2 plume. 

In 4.8 to 4.13 I understand that bp are proposing something more extensive than I had in mind. For example I don’t 
think it is necessary to acquire an actual OBN 3D seismic survey as part of this. If an OBN 4D baseline survey is 
needed it can be done any time prior to CO2 injection starting. With regards to sand waves, my concern was with 
nodes being moved during a survey. Field trials for the impact of sand waves physically moving nodes around does 
not require a full seismic acquisition. In general, I think bp is describing a different set of trials and modelling to 
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what I envisaged. bp might think that more is required than I had suggested, but this has not been the subject of 
any discussions so far. 

In particular, 4.8.1 states “by its nature, forward modelling is at best only indicative of a likely “best-case” scenario of 
what is theoretically possible;” 

The modelling I am suggesting is not to produce a single base case, but to consider a range of seismic survey 
designs and exclusions zones to see the relative impact on signal-to-noise ratio and imaging of each of these 
scenarios, and in comparison to a base case of long streamer acquisition. 

In 4.13.3 bp states “the rig, well and helicopter access requirements identified by bp (which, as explained above in 
paragraph 2.17 have not been challenged by Mr Sewell ….) mean there could not be co-existence in the Exclusion 
Area.” 

This is simply because access issues were outside the scope of my report, and not because I have reviewed these 
issues and agree with bp’s conclusions. 

bp’s comments in 4.20 are conflating the direct impact of wind turbines as source of seismic noise, with the indirect 
impact on seismic data quality from small exclusion zones around each turbine. The July NSTA co-location slides [2] 
contain comments on the direct noise issue from work being done by Heriot Watt university (slide 44). The 
conclusion says “Windfarms …. appear to be a low level acoustic noise source within the seismic survey spectrum” 
and “less than an [sic] distant earthquake”. This indicates to me that it should not be a major factor in seismic data 
quality. I would still maintain that the level of noise from an inactive turbine is likely to be less than that of an active 
one, although this is not something that I have investigated. Measuring wind turbine noise is another of the field 
trials that I suggested, and which could be done is a short time frame, around existing wind turbines. 

In 4.30 bp states “…. there are large sand waves and substantial ripple effects present on the seabed of the 
Endurance area and that the strong tidal currents in the area mean there is a real risk that nodes placed on the 
seabed could move during the time a survey was being undertaken, which would degrade the seismic data that was 
acquired..” 

I agree and this is why I suggest that a small number of nodes could be placed on the seabed for the equivalent of 
the duration of a seismic survey, and their movements tracked to quantify the problem. This would not need a full 
3D seismic survey to be acquired. 

The comment in 4.33 somewhat overstates what I intended. I think that OBN costs will reduce relative to streamer, 
but will stay more expensive in the time frames that matter to this project and therefore not “significantly reduced”. 
This is also the opinion of the authors of the NSTA co-location report [1] and [2]. Additionally, I don’t think that any 
emerging technology will have matured sufficiently to make a difference to MMV requirements for Endurance. As 
noted above however, it is my opinion however (and I believe bp’s also based on section 3.1 of Annex 4) that 
neither OBN nor P-Cable are “emerging technologies”  

The issues raised in 4.42 relate to how exclusion zones around wind turbines may affect OBN data and is the 
reason why I suggest conducting field trials and modelling which would be able quantify the relative impact of 
different acquisition techniques and exclusion zones the ability of 4D seismic to monitor the CO2 plume. 

 



Hornsea 4 - NEP Overlap 
Comment on bp response 

 

Document Number: L-400721-S00-D-REPT-002 4 

Comments on Annex 5: February 2021 (Endurance 4D Seismic Feasibility) slide pack 

I had not seen this slide pack before but there is not much in there that is new or different to the other documents 
that I had seen. The summary table on slide 6 is good. I note that this concludes that a dense OBN on a grid of 
200m x 50m is a viable solution for 4D monitoring at Endurance, with the caveats about mobile seabed and 
exclusion zones around wind turbines. This is a different definition of dense OBN to that contained in the table on 
slide 11 of bp’s October 2021 slide pack, which describes a dense OBN as a grid of 100m x 50m, which is twice the 
number of nodes as assumed in the February 2021 summary. The question of what constitutes a sufficiently dense 
OBN grid to enable the necessary MMV at Endurance is what could be answered the modelling I suggested.  

It is also worth noting that bp estimated the cost of dense (100m x 50m) OBN as £260M-£315M over the lifetime of 
Endurance MMV compared to £17m for HR towed streamer, in the October 2021 slide pack. In other words more 
than fifteen times the cost. The work done by the NSTA co-location forum and shown in the June 2022 slide pack 
[1], estimates that OBN 4D seismic for CCS would be two to three times the cost of towed streamer over the 
lifetime of a “large aquifer” storage project in UKCS (slide 8). This highlights that different assumptions about survey 
design can have a large impact on cost estimates. 

 

References 

There are 2 versions of the NSTA co-location slide pack referred to in this document 

[1] is “Energy Integration Project Phase 3 Spatial Co Location Project” by Ronnie Parr, June 2022 

[2] is “CCS MMV & Spatial Co-Location Project” by Richardson & Parr for the NSTA, July 2022. 

 

 



© NSTA 2022
This presentation is for illustrative purposes only. The NSTA makes no representations or warranties, express or implied, regarding the quality, completeness or accuracy of the information contained herein. All 
and any such responsibility and liability is expressly disclaimed. The NSTA does not provide endorsements or investment recommendations.
The North Sea Transition Authority is the business name for the Oil & Gas Authority, a limited company registered in England and Wales with registered number 09666504 and VAT registered number 
249433979. Our registered office is at 21 Bloomsbury Street, London, United Kingdom, WC1B 3HF. 

Energy Integration Project Phase 3
Spatial Co-Location Project

Co-location forum:  
Ronnie Parr

June 2022





Project Status

3

• MMV (Monitoring Measurement Verification):- NSTA report Publication summer 2022

• OBN project (Graham Lilley/ Ronnie Parr) Publication ~ end 2022
• Seismic acquisition review complete 

• Status of Nodes technology & near obstruction acquisition
• OBN vs Streamer Cost Comparison

• Processing,  Case studies & Assimilation underway 
• Baseline & Monitor Parallel Processing (Streamer or OBN) can improve reliability
• Many successful hydrocarbon (Streamer & some OBN) 4D case studies
• Very few CO2 studies

• Seismic Signal/ CO2 Detection Project (IKON & Ronnie Parr)/     Publication ~ end 2022
• 5 Wells: Petrophysics & Fluid (Brine, Methane and CO2) Substitution complete

• IKON finishing individual well documentation & presentation at EAGE Madrid June 2022
• Completed Reviews with individual operators 
• Results ~ in line with expectations

• Windfarm noise (Heriot Watt/ Colin Macbeth)    Report expected mid June for review
• Literature review underway
• 2D seismic shot data analysis: Delayed due to data reading

•
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Acquisition Cost model results

8

Total lifecycle Seismic Monitoring costs ( assuming baseline  3D & 5 monitors + $1m processing for each) 
• Large Aquifer:  $96-146m (OBN) or $54m (streamer) vs. Whole CCS project costs ~£5bn   (1-2% of Capex)
• Small Depleted $34m (OBN)       or $21m (streamer) vs  Whole CCS project costs ~£1bn  (2-3% of Capex)

Seismic costs small proportion of total project capex, but very hard to justify the significant additional cost 
purely for marginal imaging improvement for most reservoirs

OBN will remain more operational complex, slower and more expensive than streamer



























Streamer vs OBN difference: J-Field UKCS

Differencing Streamer and OBN is currently unfeasible for 4D monitoring

OBN  improved imaging of Triassic  J-Field but non-parallel processing  yields 4D difference is very noisy 

Considerable non-production related differences are 
apparent  NRMS 129%

Unclear how much parallel processing would reduce NRMS



OBN Project- Conclusions & Further considerations

22

•

• OBN  technology is
• Becoming mature  & mainstream  in oil and gas
• Employed in special situations: shallow water, complex structures, overlapping activity, small 4D signal

• OBN is advantageous in obstructed space ( project focus on mono-pile)
• Floating windfarms: Catenary cables &  multiple anchor points, tension leg turbines?

• Acquire baseline data before infrastructure installation
• Impact repeatability?
• Which has primacy: turbines or CCS baseline?

• OBN acquisition  feasibaility within an operational windfarm is unclear
• Cross-disciplinary (CCS/Wind/Seismic/Marine) HAZID assessment workshop recommended

• OBN is a geophysically superior reservoir imaging technology 
• Many examples from UKCS (and worldwide) of improved complex subsurface  imaging
• Many successful hydrocarbon (Streamer & some OBN) 4D case studies

• Major OBN drawback remains cost differential compared to streamer
• OBN costs have reduced by ~50% over last decade (automatic node handling)
• OBN will always be slower (and therefore more expensive) than streamer seismic

• OBN multiplier of 2-5X streamer does not justify the cost in most situations
• Hybrid Streamer and OBN could be a valuable co-location compromise 
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CCS MMV & Spatial Co-Location Project

Nick Richardson & Ronnie Parr

26 Jul 22



Agenda

• Introductions (CCSA/NSTA) – 5 minutes

• NSTA priorities and current regional/high level activities 

(relating to CO2 storage) and discussion (Nick Richardson) 

– 20-30 mins

• NSTA technical deep dive and discussion (Ronnie Parr) -

80-90 mins

o MMV report

Break – 5 mins

o Ocean Bottom Node project

o Seismic Signal/CO2 detection project

o Windfarm Noise

o Discussion over what next?













    

                  
           

 

    
  

  

 
  

 

 

 

 
 

 

    

     

             

   

    

   

    

 
 

     

   
 

  
 
 

  
 
 

 

 
 

 
 

 
 
 

 

UK Marine Planning Bodies

Figure from The Crown Estate



NSTA Projects Overview (Jan 2021- Mid 2022)
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• 1) MMV (Monitoring Measurement Verification) NSTA Publication summer 2022
• Specific consideration to co-location issues

• 2) 4D CCS examples

• 3) 4D OBN seismic Publication ~ end 2022
• Seismic acquisition review 
• Processing,  Case studies & Assimilation

• 4) Seismic signal vs noise

• 5) Predicted 4D Seismic Signal/ CO2 Detection Project          Publication ~ end 2022
• 5 Wells: Petrophysics & Fluid substitution (Brine, Methane and CO2) Completed

• Windfarm noise (Heriot Watt/ Colin Macbeth)    Reaching completion

•







•

CCS Portfolio of MMV (Measurement, monitor, verification)

Well surface & Downhole 
Flora and Fauna

Benthic grab
Geochemistry

Sonar
Seeps

Ground deformation
Seabed gravity

Controlled source EM

Wide range of non-seismic monitoring technologies available



4D seismic monitoring context
• Seismic is expected to be an important component of the broader MMV (measurement, monitor, verification) technology 

portfolio.

• CCS complex operator identifies a number of risks & uncertainties that could be mitigated by repeated 
seismic observations of the rock and fluid response to CO2 injection.

Important considerations:
1) Magnitude of reservoir signal generated by production/injection between the baseline & monitor surveys
2) Sufficiently low level noise (non- production) differences between the seismic surveys 
3) There are clear plans to use the monitoring data to mitigate specific risk and uncertainties 

OBN (Ocean Bottom Node) seismic is
• A geophysically superior reservoir imaging technology especially for complex imaging targets 
• or within a constrained/ co-location environment
• The cost of each OBN 4D survey (baseline &  every monitor)  is 2 to 5 times  more expensive than its streamer 

equivalent. 
• This remains a major drawback and  cannot justify the cost in most CCS situations. 



Range of Seismic technologies

14

• Active seismic (Streamer or OBN 
acquisition) 

• Reservoir or shallow (HR) targets
• Passive seismic (Microseismic)
• In-well seismic (VSP or DAS)

• CCS Projects investing in quality active 3D / Baseline 4D monitoring















Acquisition cost comparison

1

• Using  OBN & streamer configuration  to give comparable resolution
• generic large “aquifer” survey vs small “depleted gas” field

• OBN costs reduced by ~50% over last decade
• Some scope for further technology development 
• OBN will always be slower (and more costly) than 

streamer

OBN has some scope for further cost reductions

Seismic costs small proportion of total project capex, but 
very hard to justify the significant additional cost purely for 
marginal imaging improvement for most reservoirs

Total lifecycle 4D: Large Aquifer:  $96-146m (OBN) or $54m 
(streamer) vs. Whole CCS project costs ~£5bn   (1-2% of Capex

Per survey

Per survey

























OBN Project- Conclusions & Further considerations
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•

• OBN  technology is
• Becoming mature  & mainstream  in oil and gas
• Employed in special situations: shallow water, complex structures, overlapping activity, small 4D signal

• OBN is advantageous in obstructed space ( project focus on mono-pile)
• Floating windfarms: Catenary cables &  multiple anchor points, tension leg turbines?

• Acquire baseline data before infrastructure installation
• Impact repeatability?
• Which has primacy: turbines or CCS baseline?

• OBN acquisition  feasibility within an operational windfarm is unclear
• Cross-disciplinary (CCS/Wind/Seismic/Marine) HAZID assessment workshop recommended

• OBN is a geophysically superior reservoir imaging technology 
• Many examples from UKCS (and worldwide) of improved complex subsurface  imaging
• Many successful hydrocarbon (Streamer & some OBN) 4D case studies

• Major OBN drawback remains cost differential compared to streamer
• OBN costs have reduced by ~50% over last decade (automatic node handling)
• OBN will always be slower (and therefore more expensive) than streamer seismic

• OBN multiplier of 2-5X streamer does not justify the cost in most situations
• Hybrid Streamer and OBN could be a valuable co-location compromise 























Windfarm noise (Heriot Watt)

44

• Onshore Literature review.  
• No published offshore experience. Large Gap in knowledge
• UKCS One intra-windfarm streamer survey.

• Turbine generated noise is low within the seismic bandwidth(>1Hz)
• “less than an distant earthquake” beyond 125m
• Few discrete peaks exists in the 1-10Hz range

• Identified by observational and engineering design
• Newer, larger blade turbines have lower frequencies

• Turbine motion is very complex interaction of many different factors.
• wind loading/speed, distance & size of turbine & subsurface properties 

Conclusions: Windfarms are a clear operational hazard to active seismic acquisition, but 
appear to be a low level acoustic noise source within the seismic survey spectrum 

Next steps:
• Develop operational OBN acquisition procedures?
• Acquire marine seismic background  & environmental measurements?    



Thank You!
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So….. What next?



  
  

 
 

        
      

              
           

  

   
                             
                  
                               

              



 

   

   

    

      

     

     

     

      

     

  

    

     









       

                
     

   

                       
              

          

                  
          

                   
           

  

                      
     

                    
          

              

                    
 

                  

                          
                     





         

                     
                   

                       
        

                    
                       

                     
                

             
                  

          

 
    

       

 
 

          

 
   

 
  

 

    

  
  
  

  

    
  

  
  

 

       
           

          
             

           
  

 
 

     

 

    

   

  
  

 
  

  
  

   
    

 
       

   
  

   
 

  
 

 

   
    

   

    
  

    

  
    

 
    

  
 

 























   
 

     

           
                
            

  

                  
                   

             
             

       
         
                

             
                

               
                 
                 
           
           
              
          







    
             

            

          
             

              

             

     
  

   

  
 

       

             
               

                
             
                 

   
          

              
             

          

            

                  

      







         

             
                

              

     

                

        
           

     

                    
               

       

          

          













   
         

          
          

                

          

          
                   
          

    

          
                

        
                

         
            

                

                     
           

 
                

            

        

             









         

            
  

            
            

              
         

 

     
     
       

 

       
   
       
         
                

     

       
    
         

   

    

   

  





     

 
 
 

 

 

  
 

 
 

 
 

  

 
 
 

  
 

 

  
  

 
 
 

 

 
 

 
 

 
 
 

   
  

  
 

  

 
 

 

  
  

  

  
  

    

   
   

 

 

 
 

 
 

 
 

   

 
 

 

 
 

 
 

  
  

  
 

     

      
  

    
     

    





         

         
              
         

           
 

       
         

         
          

 
  

   

 

    

  
    

 

    

 

  
   

  

     
     

   

  

   
 

  

















   

          
         

            
         

       
                

 

     
  

 

  

  

    
     















   
     

                    

                      

       

                 

                   

           

                    

       

          

    

                   

        

        

                    

                        
 

                        
     

                  

                   

       

               





        
         

          

    
 

                 

                

      

               

   

              





     
   
        
    
         
      

     
     
    

       
     

     
       

    
    

      
     

    
      

        
      
      

      
    

      
     
     
     
            

         
        

     

      
    

     
     
      

    
     
     
    
     

      
     

        
     

    
        




