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First of all thank you to SPE and of course the committee for the time and effort put into this workshop. 

Being a Sharing and Learning company - Weatherford are only too pleased to continue to support the organization and it’s events.


Designing 4 Decommissioning

Agenda: Fostering Excellence Through Learning

P&A — An Economic Challenge

Having a Well Decommissioning Engineering Delivery Plan
Designing for Decommissioning — Guidelines and Regulations
|dentifying Risk — Upfront of the Well P&A

Well Decommissioning Assurance — Isolations and Phased Approach
Well decom design features of a new well at construction phase

How data is collected and used for our Well P&A design.
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How do we foster excellence through learning? 

Hopefully the agenda will share Weatherford experiences in well Decom sustainability.
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Good news - We have come so far in 100 years.

Here’s an abandonment design from the 1920’s.  

Have we got a major problem coming at us in the future? 

What does this example say about Sustainable Practices?

Logging Data
Verification of barriers etc
Competency of these permeant barriers.
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An Economic Challenge
Sustainably Decommissioning to Re-purpose | OPEX to ABEX to CapEx

—— Cashflow
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One point I want to stress is that Well decommissioning can be commonly thought as being a technical challenge - for example deploying technology against something that we need to fix. 
 
Sharing Weatherford experience’s - we have to perhaps understand that well decom may simply be a purely economic challenge to some operators. It’s a final phase of expenditure in a well lifecycle. 
 
I think it is good to refresh our memories regarding the lifecycle of a well - cashflow - and where cash ultimately ends up - This chart in front of us is an example well we actually worked on – and shows us the cash flow and the cash performance of a well in it’s lifecycle.
 
Commonly in 4 phases:
 
Capital Investment into the wellbore and the field. In this example a 9 year investment of capital expenditure involving exploration, seismic, appraisals, etc to map and qualify the reservoir.  It’s the investment phase.
 
The OPEX Phase – You can see here the cash flow profile changes significantly as we go into the production phase as the wells come online.  This is field payback and rateable production. 
 
It’s the cashflow generation phase where production is maximized and maintained for as long as possible. 
 
Abex – or Abandonment Expenditure – is the phase where well decommissioning is generally undertaken.  Commonly this is separate to field or facility decommissioning.  
 
This is here where the challenge is to sustainably decommission wells.  The trigger point between reinvesting money to recomplete the well at different intervals to offset the decommissioning spend or to commit to permanent well abandonment. 

You can see in this example where the operator chose to maximise the well life and actually get as return – albeit for a short period.  Commonly this could be a governmental rebate of some sort. 
 
Finally – another Capex Phase - another one which I just alluded to – Production rejuvenation in the form of reuse of the existing slot – Attic Oil Recovery thru sidetracking – or redrilling of a new wellbore. 
 
The question posed here – no answers from me – is how can we sustainably decommission to repurpose – as they say Cradle to Cradle. 
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An Economic Challenge
Sustainably Decommissioning to Re-purpose | OPEX to ABEX to CapEx
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COST Implications - I just want to spend a few minutes discussing ABEX  - Abandonment and Decommissioning expenditure – or the expenditure against which asset retirement obligation take provision for.

There are some key risks for an operator when decommissioning wells, notably  the eternal perspective for the isolation of the wellbore – and ensuring that no leakage will occur in the future as there is potential liability depending on the production concessionaire contract terms.

Going hand in hand with this is the assurance on cost, and how this can be controlled.

There are a few common options to the operator in managing these risks:

Divest the assets and along with that the liability 
Divest the asset and retain all or part of the decommissioning liability, retaining the ARO provision for a later date
Or executing the decommissioning themselves, be that internally through dedicated infrastructure establishment, or externally by subcontracting the risk to supply chain

There are some nuances to risk and uncertainty in the wells decommissioning domain. The Blind Spots as I call them.

We see an increase in the occurrence of high impact and traditionally low frequency profile incidents occurring. This is party due to control measures actually being effective in most cases.

However, risk analysis and management failures occurring through these unknown’s - which were not foreseen – can still be a considerable economic challenge. 

This uncertainty is demonstrated in the plot, which shows the cost of typical platform well abandonment, in the UK North Sea.

The P10 to P50 delta is 450,000 GBP, yet the P50 to P90 delta is 2.6M GBP. The risk skew is front loaded, however the Blind Spot events can have significant cost impact.
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Your Roadmap from OPEX to ABEX — WDEDP
Well Decommissioning Engineering Delivery Plan
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In 2019, my employer developed a Well Decommissioning Engineering Delivery plan to anchor our engineering, and we have deployed it in several hundred wells since.

This gives a clear roadmap to safely decommission wells and is a key stage in customer operational expenditure to abandonment expenditure glidepath.

We found that well construction process are used in the well decommissioning engineering phase which can cause challenges, or in some cases no process was there and used. Both scenarios present significant risk and are contributors to the cost overrun we see in the sector.

Six stages or Gates we use to deliver the FIRMA solution. They are stage gate processes, that specify the engineering and diligence performed in each stage, and the levels of review and authority in the approval of these.

Identify – Project Scope / Challenges / Constraints
Concept – Initiation of the Design for the well abandonment
Select – Feasibility or Selection of the planned project design.
Define – Concept Selection – Planning the design and operations.
Execute – Approval to proceed with well P&A operations on the well.
Review – Reviewing performance and applying lessons we have learned.
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workshop

Well Decommissioning Assurance

Legislation, Standards and Guidelines
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Now lets review the assurance elements, and the legislation, standards and guidelines that govern the specific well requirements and subsurface isolation.
These contain the specification for the well barriers which we instate, to isolate the subsurface hydrocarbon and water bearing formation, from each other and from the surface environment. Typically they contain definition and specification on the material, position placement and number of well barriers, along with the verification of these. Special cases and high risk operations are usually included also.��Reviewing the listing of countries, their reference legislation, standard or guideline, and the well barrier number and lengths – again we see deviation on a country by country basis. The Norwegian and UK North Sea sectors both require 2 barriers, however as they use Norsok D-010 and Offshore Energies UK Guidelines for well decommissioning… the minimum barrier lengths in Norway are 50m for a cased hole cement plug, yet are only 30m in the UK for the same isolation.��Reviewing the Canada approach, a single barrier is required only which is governed by country regulations. 
Reviewing the United Arab Emirates and in Abu Dhabi, a single barrier of 50m is required.
As we seen with the regulatory elements and legislation, there is again deviation on a country by country basis, which presents challenges in gaining international alignment and standardization.�
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Risk Identification — Knowing Up Front
Data Collection — Cased Hole Logging

Data Collection Gains - During Workover Operations
Casing Integrity
e Ovality

* Parted Connections

* Burst/Collapsed Tubing

Fluids
e Pore and Fracture Pressure Prediction
e Annular Mud Settlement

Cement
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* Bond to pipe
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« Compressive strength

e Annulus Crossflow
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Casing
. . * Wesz
e Bond to casing and formation  Bdfokauicn
. . . * Thickness
d MICFO Channelllng and annu“ = Defects (internal and external)

* Pressure



Presenter
Presentation Notes
Data Outputs from Cased Hole Logging can significantly de-risk abandonment unknowns – when used in a mid-life OPEX.

Casing Integrity – Diagnosing the Integrity of the casing –  Lets look at the 2 photographs – 

The left photograph shows Ovality in that it has failed plastically. 
On the right shows parted casing – or a burst style failure.  Logging can look for parted connections also.

Logging for fluids – Dynamically log for pore pressure using applications like memory e-line.  Here we can also derive fracture pressure predictions. 

We can then go back to the well construction logs to see how the base well reservoir changed – and establish the remaining pressure support.  Behind casing logs can also look at annular mud settlement and also including our worst enemy – barite settlement. These examples may influence an abandonment programme.

Acoustic logging is also another de-risk option – so we can hear the fluid flow behind the casing.

Lastly – Cement integrity – Cement bond between the casing and the formation.  This is probably the top critical element. This process can either qualify or disqualify a barrier element in the forthcoming well P&A design.  Micro-channeling in the annuli could have been evident at well construction phase also. 
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Well Decommissioning Assurance

Isolation and Phasing

ABN3 - PHASE Ill Well Decommissioning

The conductor and wellhead are removed

PREPARATION PLACEMENT VERIFICATION

ABN2 - PHASE Il Well Decommissioning

All intermediate zones with flow potential have been permanently isolated

DIAGNOSTICS PREPARATION PLACEMENT VERIFICATION

MONITORING

ABN1 - PHASE | Well Decommissioning

The reservoir has been permanently isolated

DIAGNOSTICS PREPARATION PLACEMENT VERIFICATION

Rigless wellbore diagnostics and preparation

DIAGNOSTICS PREPARATION VERIFICATION
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The assurance approaches make reference to various stages, or phases in well decommissioning, with nomenclature and abbreviations which may not be entirely clear.
There are generally 4 phases in well decommissioning operations, which Norsok annotates via a coloring scheme used in well barrier schematics, and Offshore Energies UK gives a coding. ABN, short for abandonment, and 0, 1, 2 or 3.��ABN0, or Phase 0 concerns the wellbore diagnostics and preparation of the wellbore prior to decom operations. These are to assess, measure and qualify well barrier elements, and de-risk the later phases. Fluid pumping, well killing operations, logging, plug setting and valve lock open preparation are common. Setting of crossflow cement barriers is also undertaken if required.��ABN1, or Phase 1 concerns permanently isolating the reservoir formation from the overburden. Measurement and logging operations and wellbore preparation are common, which allow the well barrier to be placed, and then verified and qualified. The well now has no ability to flow to surface.��ABN2, or Phase 2 concerns permanently isolating the intermediate zones in the overburden, which have flow potential.  

Measurement and logging operations and heavier and more advanced wellbore preparation are common, which allow the well barrier to be placed, and then verified and qualified, in some cases the regulator will require a monitoring period to be undertaken to verify over time, that the well is isolated effectively. 

The well now has no ability to flow to surface, and areas that had the potential to flow should there be a mechanical breach, are now isolated. The well is designated as hydrocarbon free at this point.��ABN3, or Phase 3 is the final stage in well decommissioning and concerns the recover of the tubulars remaining from bellow seabed, or a subsea wellhead. In preparation for this a cement plug is set to isolate the open hole from the environment, which is generally not considered pressure retaining.
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Designing Wells for Efficient Decommissioning
To Enable Sustainable Repurposing

Target Isolation Formation Access
- = Enable Access to Target Shales
= Eliminate Tubular overlap
= Perform XLOT of contingency formations
=  Minimize well accessories across target formations

=== o | = = IO
Annular Cement Placement
=  Minimize cement placement across target formations
‘_ =  Minimize well accessories across target formations
— 1
9.625in : 1 M
o . . .
[ L L SN Well Barrier Evaluation at Construction

= Perform “First Log” on each annular isolation interval
= Inflow test Liner top packers

Completion Design
| I = Ensure Packer is set adjacent to annular isolation
- | g F = Design setting depth to allow Packer to be pushed downhole
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I would briefly like to touch on design features of a new well at construction phase - which can be highly useful when we come to actually decommission wells.
 
Weatherford currently have involvement in some of our clients well delivery processes and we provide peer review and we provide consultancy services the help design in for decommissioning. 
 
The slide indicated 4 areas of interest I have chosen for discussion:
 
Targeted formations are understood when we construct a wellbore, but can we actually use these for the isolation targets? This can significantly reduce cost with access to these formations by not overlapping tubulars, LOT’s of contingency formations (Shale behaviors for example) and also reducing well completion accessories (Smart completions for example) across target formations for well P&A. 
 
Placement of Annular Cement. We would generally want to minimize cement placement across target formations.  Where we have placed it – we would seek to use logging to confirm cement competency at well construction phase.  If not this casing and questionable cement quality would need removed or remediated – with a rig generally.  This gives access to the formations.
 
Well Barrier Evaluation at Construction. The term ‘First Log’ is commonly used to confirm annular cement and cement quality behind the newly set casing.  This can enable future rigless well P&A in some cases – like deepwater – subsea for example.  There are massive cost savings to be had here. It does mean some investment in the construction phase. Additionally front loaded costs like inflow testing and liner top packers being qualified as well barriers. 
 
Completion Design. Packer location is still inconsistent.  We do come across wells where packers are above the cement isolation behind casing. Packer placement depths can be critical to access lower formations for abandonment.
 
 
Decommissioning value can be created actually at the design of the well stage – for example – in Norwegian oil & gas initiatives to reduce Future abandonment spend.
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> Data Acquisition

Well Construction Mid Life Operations Cessation of Production

Drilling Phase Workover Reservoir Abandonment
Create: Use: Use:
Exploration Data Well Construction Data Well Construction Data
Seismic, Coring, Logging Mid Life Data

Reservoir Testing

Production Data
Sampling, Logging

» Well Construction Data

=)

Plan Operations:
Intervention
Stimulation
Workover
Re-perforation

» Well Construction Data
» Mid Life Data

==l

Plan Operation:

Reservoir Abandonment
Infill Sidetrack Drilling

New Target Sidetrack Drilling

» Well Construction Data
» Mid Life Data
» COP Data

==l



Presenter
Presentation Notes
Key Ingredients for sustainable Well Decom practices:

Decisions made during the well construction phase – namely well design and data acquisition – If used can make cost effective mid life and COP operations, far cheaper and far safer and far less risky.

From the left hand side Exploration and Production data can be collated to start building up intelligence on the well. 

In mid life operations such as Workovers – use of the well construction data bundle – We can start to use this to start planning future interventions  and make more intelligent based decisions.  

Data is also collected here in the form of cased hole logging, pore pressure dynamics.  

We now have 2 data bundles in our arsenal we can use in preparation for COP operations.

With Well Construction Data and Mid Life Operational Data -  we can effectively plan reservoir abandonment – Infill Sidetrack Drilling or new targets in the well bore vicinity.  There, then in Cessation of Production - we have 3 data bundles. The key ingredients
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* [In Summary:
e Well Decommissioning Engineering Delivery — Impacts Success or Failure
e Data Outputs from Cased Hole Logging can significantly de-risk abandonment
unknowns.
e Well decom design features of a new well at construction phase — Cost & Time
savings

e Data acquisition is key — Front Loaded — Can significantly de-risk uncertainty.
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