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Abstract

The number of wells to be abandoned on the Norwegian Continental Shelf will increase in
the forthcoming years. As a consequence, significant expenditures will be required paid by
the individual companies, the state and the society. Despite many technological advances
in the oil and gas industry the recent years, traditional P&A of platform wells is still
particularly performed by using expensive drilling rigs. In an industry characterized by
time-consuming, costly, and complex operations, it is especially interesting to investigate
the technological potential of P&A and possible cost-savings this may entail. This thesis
therefore considers rigless P&A of platform wells, where the use of well intervention

equipment is presented as an alternative approach to traditional rig-based P&A.

Three different case studies of P&A are explored and presented: a rig-based approach,
a rigless approach, as well as a combination of rig-based and rigless approach. Well
intervention equipment such as wireline and a hydraulic jacking unit are involved in the
emerging, rigless method. In order to suggest the most appropriate and cost-efficient
abandonment approach, three models are built and used in a Monte Carlo simulation to
forecast cost and duration of the different P&A operations. By using well intervention
equipment, risk and uncertainties related to unpredictability in the rig marked is removed,
which simplifies the time and cost forecasting. To achieve accurate estimation of cost and
duration, data is collected with awareness. Historical data, particularly from Aker BP,
as well as expert opinions and knowledge, are thus used as simulation input to produce
realistic forecasts. The simulation output of the different models is compared, discussed
and evaluated using the percentile output values. Findings from the case studies identifies
that rigless P&A is much more time-consuming than rig-based P&A. However, partly
reducing and completely removing the rig scope leads to significant cost-savings. Since
the chosen simulation models consider P& A of a single well, this opens an opportunity for

further research within time and cost simulation for multiple wells on platforms.
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1 Introduction

1.1 Motivation

On the Norwegian Continental Shelf (NCS), the first wellbores were drilled in the 1960’s
and this became the beginning of what is today Norway’s largest industry (Norwegian
Petroleum, 2021). The production from oil and gas reservoirs is not an infinite process, and
a well’s life cycle includes planning, drilling, completion, production, and abandonment.
All wells reach the end of their life, and the authorities then require the wells to be
permanently plugged and abandoned (P&Aed). The definition of plug and abandonment
(P&A) implies to seal a well for production and aims to avoid contamination of the
environment outside the well, migration and cross-contamination of gas and flow sources

in the well, and prevent leakage to surface in and out of the well (Aarlott, 2016).

Today it is clear that the planning and facilitation for future P&A has not been a priority
in the planning phase of most wells on the NCS. For instance, there is a lot of missing
and valuable information about the geological formations that could have been available
if the wellbores had been logged and thoroughly researched in the earliest phases of their
life cycle. Without such information, the abandonment phase becomes more complex and

expensive.

Another challenge is that the costs of abandonment operations can be challenging to
predict and forecast. Traditionally, P&A operations are performed using drilling rigs with
high daily rental costs. Rig rates are very sensitive to marked changes, and especially to
changes in the oil and gas prices (Osmundsen et al., 2013). Consequently, being dependent
and affected by the rig market can lead to big gaps between the planned abandonment
costs and the actual abandonment costs. Considering this, P&A operations might become

more flexible and predictable without such fluctuations and the need of a drilling rig.

P&A operations are very time consuming, costly and have probably been a slightly
neglected focus area in the past. Despite many technological advances in the oil and
gas industry in recent years, history shows that traditional P&A methods have had less
technological progress. As the oil companies are committed to plug their wellbores, the

Norwegian tax regime is regulated in a way that makes the state pay 78% of the P&A
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expenses (Jacobsen, 2012). This means that the Norwegian state pays enormous costs
every year for abandonment operations, and these costs are covered by the taxpayers in
our society. Finding cost-efficient and safe methods for P&A will therefore be of great
value and importance to both the industry and the society. The number of wells to be
abandoned will increase in the forthcoming years as aging fields reach their economic and
productive limits, and the development of more efficient technology that can cut down

P&A expenses should therefore be of high priority.

According to Factpages Norwegian Petroleum Directorate (2021) in May 2021, currently
a total of 7270 wellbores have been drilled on the NCS. Of these, 5315 are development
wellbores, which includes injection, observation, and production wells. Approximately 507
of the development wellbores already have the status “junked” or “P&A”, which means
that with today’s number approximately 4808 wellbores will be P&Aed in the future
(Factpages Norwegian Petroleum Directorate, 2021). The development wellbores are
divided into platform wellbores and subsea wellbores. As illustrated in figure 1.1, the
amount of platform wells that require P&A in the future is greater than subsea wells, and
it is therefore decided to focus on P&A approaches for development platform wells in this

thesis.

oPlatform well @ Subsea well

Figure 1.1: Approximate number of subsea and platform wells requiring future P&A.
(Factpages Norwegian Petroleum Directorate, 2021)
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1.2 Research Question

Based on the above discussion of the need for innovative and cost-efficient solutions for

P&A in the industry, the following research question is formulated:

To what extent can well intervention technology reduce rig scope and perform sustainable

and cost-efficient platform abandonment operations?

In order to answer this research question, three different platform well abandonment
approaches, with associated cost and duration, will be explored throughout this thesis: a
rig-based "case A" approach, a rigless "Dream Well" approach, as well as a combination
of rig-based and rigless "case B" approach. These will be referred to as case studies, as
presented in table 1.1. A new P&A method, where well intervention technology such
as wireline will be taking over parts of, and the entire, traditional rig work relating to
platform wells will be investigated. Further, a rigless recovery system, called WellRaizer,
which is based on a hydraulic jacking principle, will be presented as for the first time in
a scientific thesis. In addition to time and cost, environmental and societal factors and

impact related to P&A will also form a fundamental part of the discussion.

By using the three abandonment approaches, models will be constructed and used in a
Monte Carlo simulation that will produce time distribution curves for the operations. As
table 1.1 shows, the P&A operations will be divided into four phases for each case study,
and the Monte Carlo simulation outcome will provide details regarding cost and duration
for each phase. The specific technology and operational method that is used in each phase
will be presented and explained throughout this thesis. All case studies will provide a
comparable relationship as the same fictitious well is P&Aed, and the simulation results

will therefore be able to suggest the most appropriate approach to platform P&A.

One reason why Monte Carlo simulation is the chosen model to provide estimates for
this thesis is that uncertainty and learning effects can be built into the simulation model.
The objective of the simulation is to provide a realistic time and cost potential for the
various P&A approaches. To achieve as accurate estimates as possible, it is crucial to
be critical and aware during data collection. Mainly data and experiences from P&A
operations at Aker BP’s Valhall Drilling Platform (DP) field will be used throughout the

case studies to discuss the performance of the different methods. Abandonment data from
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Halliburton’s Jotun B field will also be used, as well as expert opinions and knowledge
within the industry. With this data as a basis for correct estimation of the operational
time and cost, this thesis will try to determine to what extent the different procedures are

able to reduce future challenges, rig scope and costs of P&A operations.

Table 1.1: Chosen case studies for P&A of a platform well

’ Phase \ Case A \ Case B \ Dream well ‘
Phase 0 Rig Well Intervention | Well Intervention
Preparatory work
Phase 1 Ri Ri Well Tnt .
Reservoir abandonment '8 18 el tntervention
Phase 2 ) . .
Intermediate abandonment Rig Rig Well Intervention
Phase 3

Conductor and wellhead removal Rig Well Intervention | Well Intervention




2 Background

2.1 Definition of Plug and Abandonment

Abandonment of a wellbore implies to isolate the reservoir and other permeable pressure
zones by establishing well barriers, where cement is conventionally used for well barrier
plugs. P&A of wells is important in order to prevent future leaks of hydrocarbons to the
surface and to avoid damaging the environment. This operation is crucial for both the
industry, society and environment, and there are high requirements for the operational
execution and result. The requirements to P&A are regulated by the Petroleum Act,
and simply explain that the well must be completely without any source of leakage when
abandoned (Petroleum Safety Authority Norway, 2021). If there is any leakage from
the well after the abandonment, then the P&A operation will not be approved by the
Petroleum Safety Authority in Norway.

P&A operations require a lot of planning as several factors can affect the productivity of
the operations. For instance, an operation can be suspended due to waiting on weather or
waiting on equipment. Cost, time and risk estimates and safety measures should therefore
always be considered in advance of an operation, as well as a thorough understanding of

the wellbore.

There are several sources of inflow (SOI) in a wells overburden, that needs to be isolated.
Leakage of gas can lead to sustained casing pressure, which is a pressure that persistently
rebuilds after bled-down (Szeby and Shell, 2011). In order to meet the required goals
regarding P&A of wells, NORSOK standards developed by the Norwegian petroleum
industry must be followed. According to NORSOK D-010 (2013), two qualified barriers
must be installed to isolate the SOIs and form a well barrier envelope. The primary
barrier is the first barrier against the SOIs, while the secondary barrier acts as a back-up
barrier. This establish a double security in case the primary barrier fails. Further, the
impermeable formations located above the reservoir and the SOIs will be referred to as
seals. A well construction consists of several casing strings that are lowered into the
wellbore and cemented in place. At the bottom of the casing string, a casing shoe will

be present where the rounded bottom on the casing shoe facilitate running into the hole.
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Figure 2.1 illustrates a wellbore with typical casing strings and their corresponding names,
which will be referred to in this thesis. The space between two casing strings where fluid
can flow, is called “annulus”. A complete well is divided into several annuli where each

annulus has its own unique name, such as A-annulus and B-annulus.

Annulus ~—\\

D C B A

4 | I

e

Conductor casing — %— Casing cement

Seal 1 ‘/
30" conductor shoe
Surface casin97-
Source of inflow 1 %
20" casing shoe

Seal 2

Intermediate casing

Source of inflow 2 /

13 3/8" casing shoe

Production tubing

Production casing

% > [
Seal 3
=/
9 5/8" casing shoe
Source of inflow 3
Production liner /

A W
2 rrA
AL |#
/A b
et |4

% % 5" liner shoe

Figure 2.1: Example of a well construction.

We distinguish between two types of abandonment: temporary abandonment and
permanent abandonment. In temporary abandonment, the well control equipment is

removed and the well has been abandoned for a limited time period, but it shall be
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possible to re-enter the well after a planned period (NORSOK D-010, 2013). Permanent
abandonment is when the well is plugged with an eternal perspective and the well will
not be re-used or re-entered again (NORSOK D-010, 2013). This thesis will only consider
operations and time and cost analysis for permanent plug and abandonment, and P&A is

therefore referred to as permanent P&A.

2.2 Platform Well Design

The execution of P&A operations depends on the well type. When planning for
abandonment of a platform well, it is crucial to review and understand the well design.
For a platform well, the wellhead, christmas tree (XMT) and well control equipment will

be located at surface on the production platform (Khalifeh and Saasen, 2020).

When recovering tubing and casing strings during abandonment operations, it is important
to understand the wellhead design and the interaction between all casing strings and the
wellhead. Wellhead housings are associated with the following main components: starting
casing head, casing hanger, casing spool, tubing head, tubing hanger and tubing spool.

Figure 2.2 illustrates some wellhead equipment associated with some casing strings.

TUSIRG HEAD

— PRODUCTION CASING
CASING SFOOL
INTERMEDIATE CASIHG

CASTNG HEAD

SURFACE CASING

Figure 2.2: Wellhead housings associated with the various casing strings.
(ABB Vetco Gray, 2003)
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The conductor is the first casing string that is put into the well. A base plate is usually
attached to the casing head and placed on top of the conductor (ABB Vetco Gray, 2003).
The first wellhead component installed, the starting casing head, is installed on the surface
casing, which is the first casing string that is cemented into the well (ABB Vetco Gray,
2003). Above all intermediate casing strings and the production casing, casing spools and
tubing spools are installed, respectively. The function of casing spools is to hang off the
next casing string, while the tubing spool is used to hang off the production tubing string.
The production tubing is not illustrated in figure 2.2, but the tubing is also supported
and sealed within the tubing spool inside the wellhead. Each casing string installed on a
well is suspended and seal inside of the previously installed wellhead component by means
of a casing or tubing hanger (ABB Vetco Gray, 2003). The tubing head supports the
tubing string and tubing hanger.

Once the tubing head has been installed in the well, the top connector provides a connector
for the XMT. The XMT is installed on top of the tubing head with a tubing head adapter
and provides flow control of formation fluids from the well. As discussed earlier, there
should always be two well barrier envelopes in place. The XMT will be disassembled
several times during an abandonment operation, which means that another well control
equipment must be rigged up. Therefore, when the XMT is disassembled, well control
equipment, such as a blowout preventer (BOP), is assembled on the wellhead instead. The
BOP works as a large valve and can effectively close if flow control from the well is lost.
Assembly and disassembly of well control equipment is also referred to as "nipple-up"

(N/U) and "nipple-down" (N/D) well control equipment in this thesis.

2.3 Phases of P&A

The operational sequence of P&A is normally divided into three phases, “Reservoir
abandonment”, “Intermediate Abandonment” and “Wellhead and Conductor Removal”
(Oil & Gas UK, 2015). The following subsections describe each phase reflecting the scope

of work and the required equipment.
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2.3.1 Phase 0 and 1

The first phase, “Reservoir Abandonment”, aims to establish the well status and
traditionally prepare for rig-based P&A. This phase also reflects preparatory work which
will be referred to as phase 0 (Moeinikia et al., 2014b). Phase 0 is usually done rigless,
by investigating the wellhead and rigging up a wireline unit. Chapter 4 provides further
information about the wireline unit and how it operates during this phase. In phase
1, primary and secondary barriers are installed and isolates the reservoir sections of
the wellbores from potential flow. The goal is to isolate the connection to the reservoir

perforations through the inside of the wellbore.

Figure 2.3 illustrates a well barrier schematic (WBS) of a fictitious reservoir abandonment.
In this case, a bridge plug is installed in the bottom of the tubing. A definition of bridge
plugs will be provided in section 2.4. Further, the production tubing is cut and pulled,
which is conventionally performed using a rig with a BOP installed. The tubing may
be left in place, partly or fully retrieved (Oil & Gas UK, 2015). Both a primary and a

secondary cement plug is then installed as qualified barriers for the reservoir.

=N

- N I

—

Seal 1

el f 30" conductor cas ing s hoe
Source of inflow 1 5
;5 20" casing shoe

Seal 2

Source of inflow 2 - 2
13 3/8" casing shoe

Seconrdary barrier against SO 3
Prirmary barrier against SO 3
Bridge piug set as foundation

% 9 5/8" casing s hoe

“

Pt
o +—— Reservoir perforations
Pt

Seal 3

Source of inflow 3

LN

57 liner s hoe

Figure 2.3: WBS with completed phase 0 and 1.
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2.3.2 Phase 2

Phase 2 is defined as “Intermediate Abandonment” and aims to install barriers, both
primary and secondary, above all the required SOIs to isolate permeable zones in the
overburden with flow potential. Conventionally, this phase is rig-based and consists of
operations such as casing retrieval and barrier setting. Phase 2 completes isolation of the

well by setting an open hole to surface barrier below the seabed.

Figure 2.4 is a continuation of the previous WBS, illustrating a completed intermediate
abandonment where no further plugging is required in this phase. A permanent primary
and secondary barrier is installed above SOI 2 to ensure cross-sectional sealing, and a

surface barrier is also installed.

Wellhead

il
|

¢

:::::

N

Surface barrer

[
Seal 1 Z

Source of inflow 1 ]

Seal 2

30" conductor cas ing s hoe

NN

20" casing shoe

Secondary barrier against SO 2
Prirmary barrier against SO7 2
Bridge plug set as foundation

Source of inflow 2
13 3/8" casing shoe

Secondary barrer against SO! 3
Primary barrier against SOI 3
Bridge plug set as foundation

Seal 3

9 5/8" casing s hoe

Source of inflow 3

5" liner shoe

Figure 2.4: WBS with completed phase 2.
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2.3.3 Phase 3

The third and last phase is the “Wellhead and Conductor Removal”, which includes
cutting and retrieval of casing strings, conductor, and wellhead. Casings and conductors
are cut and removed some meters below the seabed. Conventionally, these operations
are performed with a rig. When phase 3 is complete, there is no further abandonment
activities, and the well is permanently P& Aed, as illustrated in figure 2.5.

A

e

Surface barrier

Seal 1

30" conductor casing shoe

A/ % 20" casing shoe

Secondary barrier against S0/ 2
Seal 2 Primary barrier against S0 2
Bridge plug set as foundation

Source of inflow 2 i %
13 3/8" casing shoe

Secondary barrier against S0/ 3
Primmary barrier against 30/ 3
Bridge plug set as foundation

Source of inflow 1

Seal 3

9 5/8" casing shoe

Source of inflow 3

5" liner shoe

Figure 2.5: WBS with completed phase 3.

2.4 Operational Procedure of P& A

There exists several methods and approaches to well abandonment as the design and
composition differs from one well to another, but the goal is to establish well barriers

that provides sealing both vertically and horizontally (NORSOK D-010, 2013). The

P& A operational procedure is unique for every well, even though there are some general
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sequences that characterize most operations. The following shortly summarizes a typical

P&A procedure where the main operational steps are involved:

Prepare the well for P&A:

Prior to any activity, a vessel or a rig is normally mobilized to the well location. The
wellhead and the XMT are investigated to ensure optimal functionality and safety
throughout the operation. A wireline unit is rigged up on platform and a wireline

functionality test is performed according to safety regulations.

The wireline unit performs a drift run and a caliper run which provides diagnostics and
logs that evaluates the wellbore condition and the quality of the equipment down-hole.
The log provides information about the tubing diameter and the potential amount of

damage, scale and corrosion in the well.
Kill well:

Prior to the abandonment activity, the well must be killed. To kill the well, heavy kill
fluid is pumped into the well. The heavy fluid ensures that the hydrostatic pressure is
greater than the formation or pore pressure, and this shut off the flow into the wellbore

(Halvorsen, 2016).

Cut and pull production tubing:

The tubing is cut with wireline above the production packer. Further, the annulus and
tubing is displaced to kill fluid to verify optimal circulation and communication. It is
necessary to cut and pull the production tubing in order to access the 9 5/8" production
casing. We need fully access to the 9 5/8" casing in order to log and evaluate good or
bad cement behind the casing. The information about the cement condition is essential
when deciding the placement area of the cement plug barrier. According to NORSOK
D-010 (2013), removal of downhole equipment is required as this can cause loss of well
integrity, and control lines and cables shall not form part of the permanent well barriers.
The tubing has normally control lines attached, and this provides an additional reason

why it must be removed.

Platform wells are conventionally equipped with a vertical XMT. These XMTs are secured

with primary and secondary barriers and the XMT can therefore be removed before the
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tubing is pulled (Moeinikia, 2016). To ensure and maintain well integrity and control

during the tubing retrieval, a BOP is nippled up after nipple down the XMT.

Retrieval of the production tubing is a heavy lifting operation that requires large pulling
force. Normally a rig performs this operation and further operations from this stage. For
instance, during the P&A campaign at Valhall DP, a jack-up rig has been utilized to
retrieve the tubing (Aker BP, 2017).

Establish primary and secondary barriers

A primary and secondary barrier is installed to ensure that the reservoir is sealed both
vertically and horizontally. The number of permanent well barriers that is needed to
establish full cross-sectional sealing of a well depends on the number of potential sources
of inflow, throughout the well. As each well is unique, the number of SOIs and seals varies.
Wells with many permeable, intermediate zones and big flow potential will therefore

restore more seals than wells with fewer permeable intermediate zones.

Logging tools are run in order to determine the quality of the cement behind casings. If
the logging data can verify good quality casing cement, then an internal cement plug
can be installed inside the casing. If the logging data shows cement with poor quality or
lack of casing cement, it is necessary to apply section milling or perforate, wash, cement
(PWC) technology (Moeinikia, 2016). Figure 2.6 illustrates both a cement plug installed
by using the PWC technology, as well as an internal cement plug. During this thesis’ case
studies, only the PWC method and internal cement barrier method for barrier installation

will be used:

— Internal cement plug: If the log can verify good quality of the annular cement
bond, an internal cement plug can be verified as barrier inside the casing. A common
method to install cement barriers is to circulate drilling mud and pump cement

through drill pipe or coiled tubing.

— Perforate, wash, cement: PWC jobs can be used when the log shows poor
quality of the annular cement bond. This involves perforating the casing, cleaning
the annulus behind the casing perforations, and pumping cement downhole and out

through the perforations to establish a cement plug (Knutsen, 2019).
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Figure 2.6: Illustration of two different approaches for barrier establishment.

It is not possible with today’s technology to log through two casing strings, and it may
become necessary to cut and pull the 9 5/8" production casing in order to access and log
behind the 13 3/8" intermediate casing. If this is performed and the cement is proven
solid, then a plug is installed inside the 13 3/8" intermediate casing. Bridge plugs are
used as foundation for upcoming primary cement barrier and reduce the chance for cement
contamination, as potential flow and pressure can enter from lower areas in the well

(Halvorsen, 2016).

Install surface plug:

If there is no gas and flow potential from the formations via the C or D annulus, then it
is sufficient to place a surface plug inside the 13 3/8" casing. If there is sustained casing
pressure from C-annulus, it becomes necessary to cut and pull the 13 3/8" intermediate
casing in order to log the 20" casing cement, and then establish a full cross-sectional
cement barrier inside the 20" surface casing. If there is sustained casing pressure from the
D-annulus, it might become necessary to cut and pull the 20" surface casing, in order to
establish a full cross-sectional cement barrier inside the 30" conductor casing. The surface

cement plug is the final well barrier.
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Cut and retrieve conductor, casing strings and wellhead:

The final step of the P&A procedure is to cut and remove the conductor and casing strings,

including the wellhead, a few meters below the seabed.

2.5 P&A Cutting Techniques

Cut and pull casing operations are necessary in situations where the annular barrier is
poor or non-existent and where the casing strings overlap, as explained in the typical
P&A procedure in section 2.4. Pipe retrieval requires large amounts of pulling force, and
there exists several cut and pull tools and methodologies that can cut through multiple

casing strings and solve challenges associated with this.

As mentioned earlier, it is common to cut production tubing with wireline. Other cutting
operations can be performed using explosives, chemicals, mechanical cutters or abrasive
cutters (Khalifeh and Saasen, 2020). Mechanical cutting or abrasive cutting is the preferred
method for casing cutting (Moeinikia, 2016). Mechanical cutters are power-driven, while
abrasive cutters are based on a sand cutting technique or a water jet cutting technique. For
sand cutting, a high volume of abrasive particles are injected into a water jet and pumped
at low pressure, while for water jet cutting, a low volume of abrasive particles are pumped
at high pressure (Khalifeh and Saasen, 2020). To enhance the cutting performance, casing

strings are conventionally under tension during the cutting operation.

In today’s marked, there are several cutting tools with different functions, specifications,
and benefits. Different equipment can perform cutting operations with significant
differences in speed, and an example of this will be presented in the case study in

section 6.2.

2.6 Literature Review

Currently, there is only a limited amount of information within the field of rigless P&A of
platform wells, as most of the literature considers usage of intervention vessels for P&A
operations of subsea wells. Searching for "rigless P&A" on Google Scholar only provides 58
search results. Therefore, this section will particularly present a brief overview of literature

that is relevant for rigless P&A and have a focus on duration and cost estimation.
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Wittberg (2017)’s research stands out by investigating P&A of platform wells, where
an alternative approach to rigless P&A using well intervention equipment is presented.
He concluded that combining intervention equipment such as wireline and coiled tubing
with high energy P&A technology could be utilized for reservoir abandonment, while
complex operations in a wells overburden should be plugged using a drilling rig. He further
recommended to provide a time and cost analysis where the rigless approach is compared

to a conventional P&A approach.

Mikalsen (2012) suggested an approach using a hydraulic pulling and jacking unit together
with coiled tubing, instead of using a rig for platform P&A. Time and cost related to
the P&A approach was provided and based on historical data, but without explicitly
presenting the model used for the estimation. His results showed that the rigless method
was less time-consuming, but had a much higher day-rate, than the conventional method.
Nevertheless, he concluded that reduced operational time and personal would lead to a
major overall cost saving that eventually would make the P& A campaign more cost-efficient

using the rigless method.

Raksagati (2012) used Monte Carlo simulations to forecast cost and duration of several
P& A approaches of subsea wells, both for single well P&A and for multi-well "batch"
P&A. The major differences between his approaches was the application of rig or vessel
technology, as well as a combination of rig and vessel technology. However, the results
provided an insignificant difference in cost and duration between the rigless or rig-based
method. Based on the findings, he nevertheless suggested a vessel-based approach for
P&A in order to free rigs to perform drilling operations instead. In addition, he suggested
to increase the number of wells in batch operations in order to reduce the cost of P&A per
well. There are, to this thesis knowledge, little research and estimates of time and cost
for rigless platform P&A. Therefore, to make the contribution of this thesis even more

relevant, it could be interesting to perform a similar research approach for platform wells.

The importance of collecting reliable and a sufficient amount of data for accurate simulation
and analysis is significant within the oil and gas industry. Moeinikia et al. (2014a) also
used a Monte Carlo simulation approach to evaluate cost efficiency of rigless P&A for
a subsea multi-well campaign. They used, for the first time, an approach that included

learning curves, correlations, and possible risk events to evaluate time and cost of a subsea
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batch P&A. Findings from their studies showed that these factors had a significantly
positive impact on cost and duration of the multi-well campaign. This makes it especially
interesting to include expert opinions involving learning curves and risk for time and cost

estimation within platform P&A in this thesis.
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3 Understanding P& A Costs and Impact

3.1 Cost-Influencing Factors

Traditionally, P&A operations are performed using drilling rigs with high daily rates. The
rig rates contribute to 40-50 percentage of the total costs of P&A, and thus affect the
profitability of abandonment operations (Straume, 2016). Due to both unforeseen and
foreseen changes in the oil and gas industry and the rig market, it is a challenge to predict
future daily rig rates. For instance, as a response to Covid-19, the Norwegian parliament
introduced several measures to secure the financial challenges, and the new tax regime
provided incentives to stimulate the production drilling activity (Government.no, 2020).
However, weak oil prices and an increased focus on renewable energy are causing cutbacks
in exploration drilling activity. When estimating the costs of rig-based abandonment
operations, it is crucial to understand the relationship between the rig rates and their

influencing drivers, as this can improve budgeting and cost analysis.

The rig rates are sensitive to the oil and gas price in the market, and a change in supply
and demand for oil and gas will lead to a shift in the oil and gas price, as shown in figure
3.1. In short terms, increased oil and gas price will not lead to any big change in consumer
consumption as today’s society is still very dependent on this form of energy supply. The
demand for oil and gas is therefore inelastic as shown in figure 3.1a (Hannesson, 1998).
This can also be confirmed in Osmundsen et al. (2013)’s study, where their econometric
analysis implicated that the current oil and gas price has a weight of 6.9%, while the

expected future price, which is assumed to influence the rig market, has a weight of 93.1%.

In long terms it is possible to find substitutes to oil and gas which means that a change
in the oil and gas price can lead to a bigger negative shift in the demanded oil quantity.
Considering this, the rig rates will probably decrease as a consequence. Meanwhile,
increased prices for oil and gas can provide opportunities for new investments that will
increase the supplied oil quantity. For instance, investing in new and efficient technology,
higher storage and production capacities, and new oil fields can increase the volume of oil
and gas. In long terms, both the demand and the supply for oil and gas can therefore be

elastic, illustrated in figure 3.1b and 3.1c (Hannesson, 1998). Osmundsen et al. (2013) also
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provided an analysis for the long run price elasticity, indicating that a 10% permanent
increase in the oil and gas price index would increase the rig rates by 12.3%.
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Figure 3.1: Graphs showing price elasticity of supply and demand for oil and gas.

Obviously, increased exploration and production in the oil and gas industry, as well as
high expected oil and gas prices, will stimulate the rig market and increase the rig demand.
Without the need of a rig for P&A operations, one can exclude a lot of uncertain factors
related to rig rates and the rig market in the cost estimations. This thoroughly emphasize
that it is easier to plan the costs for well abandonment if the operations are performed

rigless, and that one probably can reduce the costs significantly by not using a rig.

3.2 Time-Cost Relationship

There is always a relationship between time and cost in a project, and several measures
have been performed on the NCS regarding the time-cost relationship for P&A. A common
opinion is that working in a time-efficient manner will reduce the total cost of a project.
Thorough planning of each operation, to anticipate uncertain events that can increase
non-productive time, as well as having a contingency plan in case of bad weather, are just

a few examples of many factors that can affect the project efficiency.

For instance, Aker BP has performed platform abandonment operations at Valhall DP
in three large P&A campaigns, also known as batch operated P&A. This batch P&A
campaign involved the abandonment of 30 well slots on the platform, by using a jack-up
rig that could skid between the several well slots. The main advantage of batch P&A is

to gain learning outcome, and the risk for uncertainties and surprises can be reduced for



20 3.3 Environmental Impact

each subsequent plugged well slot. This method can largely lead to more effective P&A
operations and a reduction in the time spent per well. The graph in figure 3.2 confirm that
there has been a steady improvement progress throughout the batch campaign regarding
the operational duration per well at Valhall DP. The estimated time and cost of the
P&A campaigns at Valhall DP was originally 10 years and NOK 15.5 billion, but instead
the work was complete in 4 years at a total cost of NOK 10.1 billion (Aker BP, 2021c).
This further supports the statement "time is money". A constant focus on continuous
improvement for P&A operations may therefore often lead to shorter operational duration

and reduced costs.
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(Aker BP, 2021b)

3.3 Environmental Impact

An integral part of the Norwegian petroleum policy is to take care of the environment and
climate. A large part of emissions to air comes from the use of gas turbines that generate
electricity (Gavenas et al., 2015). A central source of emissions are the combustion of

natural gas and diesel in turbines to produce electricity offshore.

Rig activity is normally very energy-consuming and driven by natural gas and diesel
generators, and contributes to emissions such as carbon dioxide (CO;) and nitrogen oxides

(NO.). A study done by the Norwegian Petroleum Directorate (2019) explains that
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approximately 14 million tonnes of CO, were emitted from the NCS in 2019, and 84.6%

of released CO, was derived from gas turbines.

There is also a large difference in the amount of emissions coming from the different
drilling rigs. For instance, the Maersk Invincible (MINV) jack-up rig has plugged 14 wells
on the Valhall DP field. As probably for the first time ever, this drilling rig was powered
fully from shore and reduced the annual local emissions by 15200 tonnes of CO5 and 168
tonnes NO, (Aker BP, 2018). This thoroughly emphasize a great demand and need for
efficient technology that can reduce the environmental footprint, as it is proven to reduce

environmental damage.

When using large drilling rigs for P&A operations, potential emissions must be considered,
estimated, and calculated. If abandonment activities can be performed without
costly and energy-consuming drilling rigs, this can entail significantly lower emissions
(Forskningsradet, 2018). On platforms, this means that the carbon footprint might be
remarkably reduced if well abandonment operations can be carried out by using electrically

powered well intervention equipment instead of drilling rigs.
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4 Well Intervention Technology

Most of the operations described in the typical P&A procedure in section 2.4 are
conventionally performed using a rig. In order to take a step towards a rigless P&A
procedure, alternative abandonment methods and opportunities by using well intervention

equipment will be investigated throughout this chapter.

Well intervention can be described as safely entering a well with well control for the
purpose of doing several operations other than drilling (Kratz, 2012). During a well’s
life cycle from initial production to abandonment, intervention work includes operations
related to maintenance, repairing and replacement. Well intervention operations were
historically performed with drilling rigs, but with today’s technology it is possible to
re-entry wells with substitutes to the drilling well control systems and rigs for delivery
of non-drilling services (Kratz, 2012). Well intervention equipment is normally diesel

powered, but can also be fully electrically driven.

Table 4.1 briefly introduce the well intervention technology that will be deployed in
this thesis case studies and time and cost analysis. The table illustrate typical P&A
operations and the corresponding intervention technology that can be used instead of a
rig. This chapter will mainly present a hydraulic jack and a wireline unit. The wireline
intervention equipment, presented in section 4.1.1, has been described several times in
the past, and this thesis therefore refer interested readers to the reference literature for a
more detailed explanation. A hydraulic jack called WellRaizer is presented in section 4.2.
This technology has never been presented in a scientific thesis before and will therefore be
emphasized and thoroughly described in this section. A comprehensive explanation of

how this technology can perform complex P&A operations will be provided.
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Table 4.1: Presentation of typical P&A operations and the well intervention equipment
involved in performing the operations.

Activities Tochaolony
Hydraulic jack Wireline
|Step 1 |Well head ntegrity check X X
|Step2  |Drift run X X
|Step 3 Caliper run X X
|Step4  |Integrity logging X X
|Step 5 |Injection test/Killing well X
R |Step 6 Cement squeeze perforations ‘S
|Step 7 Install deep set plug X
IStep§  |Punch tubing X
|Step 9 |Circulate heavy fluid (tubing + annulus) X
|Step 10 |Cut tubing X
|Step 11 |Displace annulus and tubing to brine or kill fluid X
|Step 12 |Place tubing hanger plug in production and anmuhus bore X
|Step 13 |Remove XMT, install BOP X
|Step 14 |Pull tubing X
Phase 1 |Step 15 |Log cement X X
|Step 16 |Clear annulus X
Step 17  |Install reservoir barrier X
Piice ;Step 18 |Install additional barriers above DPZs X
|Step 19 |Install surface phag X
Phase 3 ':Step 20 |Cut casing, wellhead and conductors X
{Step 21 |Pull casing, wellhead and conductors X

4.1 Conventional Technology

4.1.1 Wireline

The purpose of a wireline unit is to perform well intervention activities and to check the
wellbore conditions by lowering equipment down into the well. Examples of equipment
that can be attached to the wireline is running tools, logging tools, pulling tools, cutters,
and many more. Wireline technology are used for a wide variety of purposes such as
logging, removal of scale, fishing operations, casing perforation and retrieval, tubing
cutting, and installation of plugs. The preparations for abandonment, the “preparatory
phase”, normally starts with wireline diagnostics. Wireline investigation and logging can
confirm that a wellbore is deformed or collapsed and indicate that a work string is unable
to reach the reservoir or the required depths for placement of the final P&A barriers (Aker
BP, 2017).
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Wireline equipment can be divided into two different cable systems: slick line and braided
line. The slickline is a smaller, non-electrical cable, while the braided line can provide
electricity and has a higher tensile strength (Steen, 2013). Naturally, the braided line is
thus more frequently used during heavier operations. For simplicity, wireline will refer to

both slick line and braided line throughout this thesis.

Compared to other well intervention equipment, a wireline unit is rather small and easy to
rig up. During wireline operations, pressure control devices are used in order to maintain
well control and to prevent leakages and well blowouts. As illustrated in figure 4.1, the
pressure control equipment is installed on top of the XMT, and mainly consists of a
pressure control head that controls grease injection, lubricators that provides sealing and
fluid control, a stuffing box and a BOP. The stuffing box forms the primary barrier and
consist of rubber elements that ensures sealing around the wireline (Mikalsen, 2012). The
BOP forms the secondary barrier, where a shear ram closing element closes across the
wireline when the BOP is closed to provide wellbore sealing. With this setup, it is possible
to maintain well control, as well as the two-barrier philosophy while lubricating in and

running tool strings down live pressurized wells (Wittberg, 2017).

Grease Injoction

Control Head
Sheave
Bracket
Stutfing Box -

- {

Lubricator Riser

Lubricator Riser

Tool Trap

Well Head Adaptor

Figure 4.1: Illustration of wireline rig up.
(Parveen Industries Pvt. Ltd., nd)
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It is possible to rig up a wireline unit almost anywhere, as it has a high flexibility. If
wireline is used on a drilling rig, it is normally run through the rotary table of the drillfloor.
For rigless operations, it is possible to run the wireline unit through a wireline mast or
through a P&A working unit. For a P&A unit, it may not be necessary with all the
available systems that can be found at the drilling rig (Khalifeh and Saasen, 2020). Section
4.2 will explain a hydraulic jacking system which in many ways serves as a drilling rig,

where the wireline equipment can be run through the system.

4.2 Emerging Technologies

To pull tubing, casing, and conductor from a well can be extremely difficult to perform
without a rig. As big surface forces are needed in such pulling operations, this has been an
obstacle to a fully rigless P&A operation, and the "easiest" method has then been to use a
drilling rig that ensure sufficient pulling force. In the following subsections, some emerging
technologies will be thoroughly described, involving a hydraulic jack/recovery system
called WellRaizer, that can retrieve tubing, casing, conductor, and wellhead without a rig.
The recovery system can remind of existing modular rig units or P&A units, which is also
an alternative to expensive drilling rigs. For instance, the abandonment project Jotun B,
executed by Halliburton AS, utilized a cost-efficient modular P&A unit (Helgesen, 2018).
Nevertheless, WellRaizer is revolutionary when it comes to abandoning platform wells,
as it takes over heavy cut and pull operations that is usually rig dependent scope. The
system is designed to provide and facilitate all P&A operations, and can perform pulling
operations involved in all phases of the P&A sequence (Claxton Engineering, 2020a).
This covers retrieval of production tubing and casing strings in phase 1 and phase 2
respectively, and conductor and wellhead removal in phase 3. Wireline can be run through
the WellRaizer unit, and the recovery unit is also compliant with running cement through

drill pipe for barrier installation.

4.2.1 WellRaizer

WellRaizer, the heavy duty rigless well recovery system owned by Claxton Engineering
Services Ltd, is a hydraulic jacking system that provides the recovery offshore of oil and

gas conductor pipes and casings of up to 36” in diameter (Claxton Engineering, 2017).
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This technology has been utilized on the NCS to support rigless recovery of abandoned
wells, and by using WellRaizer, a jack-up rig or a platform-based drilling derrick is no

longer necessary (Claxton Engineering, 2017).

WellRaizer is compliant with NORSOK Z-015 and fulfill the design codes and safety
standards for work on the NCS (Claxton Engineering, 2020d). The system is equipped
with a safe working load of 300 metric tons and is designed in lightweight modular units
minimizing rig-up time and complexity, with no component weighing over 10 metric
tons (Claxton Engineering, 2020c). It is a flexible unit that is capable of skidding in
both the X and Y axes, which makes it possible to skid between several well slots on
platforms. This is especially advantageous in the execution of batch P&A campaigns. The
design philosophy of the unit is to be compact and efficient during rig up and operation
(Claxton Engineering, 2020a). The compactness is beneficial as the unit becomes more
robust against weather, leading to reduced dependency on weather during operations. In
addition, the hydraulic jack is smaller and more sustainable compared to a rig and can
thus contribute to a reduced carbon footprint. For instance, the WellRaizer is driven by
diesel generators, but emits only 20% as much emissions compared to a rig (M. Straume,

personal communication, 2021).
The WellRaizer, illustrated in figure 4.2 mainly consists of the following equipment:

e A lower and upper cassette and a lower and upper pneumatic spider - the pneumatic
spiders are designed with slips and utilized to grip the landing string.

e Landing string - provides a main role in the in-riser system and interface with the
wellhead, ensuring safety during the jacking operation.

e Four hydraulic jacking cylinders - generates high lifting force and exert linear strength

that produce the lifting or pulling action.
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(b) Placement of the lower pneumatic spider,
on top of the lower cassette.

’

(c) Placement of the upper cassette. (d) Placement of the upper pneumatic spider.

Figure 4.2: Illustration of WellRaizer rig up.
(Claxton Engineering, 2020a)

In addition, the recovery system consists of service tools such as a double drilling unit
(DDU), a multi-string cut bandsaw severance, and a make-and-break system. The following
provides a brief introduction to these tools as they form a central part of the conductor

recovery system and procedure:

Double Drilling Unit:

When recovering multi-string casings, a drill and pin operation will be executed to ensure
a safe simultaneous retrieval. This operation will be performed by a DDU unit mounted
on the jacking frame on the hydraulic jack. After drilling the multiple casing strings, it
is important to install a pin in the multi-string casing to mitigate the dropped object
potential when handling the pipes on deck. Figure 4.3 illustrates a drilled and pinned

multi-string casing.



28 4.2 Emerging Technologies

Figure 4.3: Drilled and pinned multi-string casing.
(Aker BP, 2021a)

Bandsaw severance:

The bandsaw can cut through steel conductors and casing with fully cemented and grouted
annuli. The bandsaw is lifted and installed around the tubular using an open front and
gate clamp system which is manually locked and clamped onto to the tubular. This
operation commences once the combined strings have been drilled and pinned. Once the
cut is complete, a "debris cap" is installed to the bottom of the cut joint prior to laying out
to the pipe deck to ensure that no debris or dropped object hazards are encountered during
the lay out operation (Claxton Engineering, 2020b). Figure 4.4 illustrates a bandsaw

operation where the bandsaw cut between two installed casing pins.

Figure 4.4: Bandsaw cutting operation.
(Claxton Engineering, 2020a)
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Make-and-break system for drill pipe:

A lightweight make-and-break system must be in place and skid in on the WellRaizer
jacking frame before drill pipe joints are put in service. The purpose of this system is to

ensure that all pipe connections are screwed together and tightened with torque.

4.2.1.1 Conductor and Wellhead Removal

Earlier, the conventional method to install the conductor casing was by conductor driving.
This means that the conductor is hammered into the ground and cemented in place. At
Valhall DP, the conductors are driven using the hammer technique to drive the pipe into
the top-hole formations above SOI 1 (Aker BP, 2017). By using this installation method,
the conductor can be considered as an independent part of the wellhead system, and will

therefore be handled accordingly during the WellRaizer conductor removal in this thesis.

As explained in section 2.2, the wellhead is placed on top of the conductor. In order to
retrieve the conductor, a pulling connection must be established between the conductor
and the wellhead. To achieve this, a "drill and pin" operation must be performed below the
wellhead to connect the conductor to the surface casing. Without pinning the conductor,
the surface casing will be pulled instead during the WellRaizer conductor removal operation.
The cement around the conductor creates friction between the conductor and the surface
casing when the pin is installed, and this further contributes the conductor to be pulled

upwards.

Prior to the start of the conductor and wellhead pulling operations, all SOIs must be
isolated and the barrier envelope tested. An environmental plug must also be installed
and tested for leakage. The first step in the drill and pin operation is to attach the drilling
unit to the conductor. The purpose of the drilling unit is to drill through the conductor
and surface casing until the drilling head penetrates the opposite side. A pulling pin is
then inserted to the conductor before cleaning the area with vacuum pump. When the
pinning work is complete, the conductor and wellhead removal can start as per Claxton’s

WellRaizer instructions.

The following procedure is provided by Claxton Engineering and guides us through
the conductor and wellhead removal procedure using WellRaizer (C. Wetton, personal

communication, 2021):
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1. The pneumatic spiders are split, and the 30" landing string is run through the
recovery tower to interface with the wellhead, as illustrated in figure 4.5 and figure 4.6.
The landing string is designed with a pre-drilled hole, which will be of importance
in step 3. Further, the upper spider is engaged onto the landing string and the

overshot to the wellhead is fully engaged, as shown in figure 4.7.

Figure 4.5: Splitted Figure 4.6: Figure 4.7:
pneumatic spiders and Landing string running Landing string
prepared for the through the recovery interface with the
landing string. tower. wellhead.
(Claxton Engineering, 2020c) (Claxton Engineering, 2020c) (Claxton Engineering, 2020c)

2. A drift run is performed to identify the wellbore condition and to determine the
cutting depth, before starting the conductor cutting operations. When the conductor
cutting is complete, a 4" load pin is attached to the 30" landing string in the pre-
drilled holes. The platform main crane will be attached to the landing string to
support any lateral movement, and therefore the load pin equipment is necessary.

3. The lower slips at the lower pneumatic spiders are released, and power is raised up
the jacking cylinder to the required elevation. Further, the lower slips are engaged,
and the conductor is set into slips, before releasing the upper slips. Then the jacking
system is retracted. Figure 4.8 illustrates the concept of the WellRaizer jacking

cylinders.
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Figure 4.8: Elevation principle of the jacking cylinders.

(Claxton Engineering, 2020c)

4. Both pneumatic spiders must be engaged in preparation for surface pinning and
severance operations. The DDU is positioned around the casing 1.5 meters below
the wellhead and the multi-string casing is then drilled, as shown in figure 4.9. Once
drilled, a 4" load pin is installed. Further, the DDU is re-positioned 0.75 meters
above the previously drilled holes, before drilling through the dual strings. These
holes are for the "sacrificial pin" that is used with debris caps in a later stage. The
debris cap aims to protect the pipe. The bandsaw unit is then positioned around the
casing and cut between the already installed pins, as illustrated in figure 4.10 and
4.11. When the casing is cut, a debris cap is installed to the first wellhead section
in order to reduce the risk of dropped objects. The first cut casing section is then

transferred away from the well center.
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Figure 4.9: Figure 4.10: Figure 4.11: Cut casing
DDU operation. Bandsaw operation. and drilled 4" hole.

(Claxton Engineering, 2020c¢) (Claxton Engineering, 2020c) (Claxton Engineering, 2020c)
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5. The sequence of the upper and lower slips operation to raise the conductor to the
next required cut elevation is then repeated. The DDU is again positioned around
the 30" conductor casing, this time 0.75 meters below the first casing coupling.
Once drilled, a 4" load pin is installed. The DDU is then re-positioned 0.75 meters
above the first casing coupling and drills through the dual strings, before installing
a sacrificial pin for use with the debris cap. The bandsaw unit is then positioned
around the casing and can start cut between the already installed pins. Once the
cut is complete, the cut casing section can be removed. This procedure is repeated

until the entire casing unit is retrieved.

4.2.1.2 Tubing Recovery

The production tubing is cut and pulled during the first phase of a P&A operation. This
operation also requires high surface pulling forces in order to pull the entire tubing unit,
and has therefore been a challenge regarding rigless abandonment methods. Using the
WellRaizer recovery system is therefore suggested as a new method to pull out the tubing.
Unlike the conductor and wellhead removal, there is no barrier envelope in place prior
to this operation. The pulling structure is therefore slightly different as a BOP must be
installed together with the WellRaizer unit in order to ensure well control during the

tubing recovery.

Tubing recovery requires a low-weight jacking system and a platform crane, meanwhile
the WellRaizer will provide a stable structure of the system. This low-weight equipment
is easy to transport and install on platforms. During tubing recovery, the XMT will be
removed and a high pressure (HP) riser will be run on top of the wellhead. Further, a
BOP will be installed on top of the HP riser system. The HP riser acts as a conduit
between the wellhead and the BOP and provides structural and global integrity (Oil
States, 2019). In that way, well control is maintained during tubing recovery operations.

Figure 4.12 illustrates the design of this suggested tubing recovery system.
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Figure 4.12: Suggested tubing recovery rig up.

As mentioned in section 2.2, the top of the production tubing is attached to the tubing
spool on the wellhead. Drill pipe connections are properly broken in as per the make-
and-break system through the WellRaizer recovery tower. A hanger retrieval tool will
be run on drill pipe through the recovery system and attach to the tubing spool in the

wellhead. This ensures an interaction between the cut tubing and the drill pipe. With
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such a recovery system in place, the jacking system and the platform crane can commence
the pulling activity. As for the conductor and wellhead recovery, the tubing recovery is
based on the same principles where the tubing is pulled and cut in several sections. It is
not necessary to perform drill, pin and cut operations with DDU and bandsaw during
tubing recovery as the tubing is a low-weight, single string. When the tubing is jacked up
with the jacking system to the selected length, the make-and-break system then breaks

the tubing in its connections.

4.2.1.3 Casing Recovery

Phase 2 of the abandonment procedure normally involves pulling operations of casings.
Therefore, a method for casing recovery performed with the WellRaizer is suggested.
Casing recovery requires bigger pulling forces than tubing recovery, as the casing strings
have higher weight and are cemented in place. As for the tubing recovery, a BOP will be

in installed together with the WellRaizer unit also during casing recovery.

The XMT will be removed and a HP riser will be run on top of the wellhead. Further,
a BOP will be installed on top of the HP riser system. A recovery string, illustrated in
figure 4.13, will then be run with a casing spear attached. This allows to run the recovery
string to the area where the casing spool is placed to engage the recovery string to the
casing. The tubing spool must be removed in order to access the casing spool, but this
issue is already solved during tubing recovery. The casing spear ensures an interaction

between the casing and the recovery string and makes it possible to pull the casing.

The WellRaizer casing recovery is based on the same procedure as presented in section
4.2.1.1. When the casing string is jacked up with the hydraulic jacking system to the
selected length, it is broken in its connections. A 9 5/8" casing may just require a simple
casing tong for the break-operation, while a 13 3/8" casing may require usage of the

bandsaw unit as it is more massive.
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Figure 4.13: Suggested casing recovery rig up.

4.3 Limitations

It will not constitute a large part of this thesis, but it is however worth to mention some

issues related to the rigless approach. Rigless P&A requires the same surface equipment

that is positioned at drilling rigs. Platforms on the NCS have varied size and deck space,

and the smallest platforms might face some issues related to the deck space on board for
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surface equipment. Limited deck space can therefore be an obstacle for rigless P&A as big
infrastructure packages must be transported and placed on board the platform, containing
for instance a hydraulic jacking unit, wireline, cementing systems, mud systems, pumping
services and many more. To solve issues related to limited deck space, equipment must
be rigged down and removed in order to obtain deck space, before new equipment can
be rigged up. When using well intervention equipment on platforms, accommodation of
P&A crew must be considered as well. Some platforms are unmanned, which means that
the P&A crew must be transported to and from the platform installations. It is therefore
crucial to consider and investigate the deck space and crew capacity when planning for
rigless P& A operations on platforms. Limited deck space and unmanned platforms that

require crew transfers will probably lead to a less effective operation.
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5 Estimation Method and Data Collection

For the purpose of this thesis, Aker BP has provided with internal data for P&A operations.
To understand the scope of rig-based and rigless P& A regarding time and cost, a simulation
model is built based on this data. This chapter briefly present the simulation methodology

used to estimate the abandonment duration and cost for this thesis’ three case studies.

The modeling procedure will be explained, as well as the chosen uncertainties that will be
included. Further, data collection reflecting parameters like cost and duration are given

in section 5.2.

5.1 Methodology

In order to carry out time and cost estimations for the P&A operations, the probabilistic
application iQx P1, produced by AGR Software, is used. P1 is a probabilistic simulation
tool used to estimate operational time and cost where potential risks are considered and
included. This tool applies Monte Carlo simulations where each time and cost output is
the result of thousands of simulations. P1 runs 10000 iterations by default and provides
an unbiased representative group of samples based on a large group of possibilities. By
using this simulation method, it is possible to predict the chances of achieving objectives

within any given time or cost output.

5.1.1 Monte Carlo Simulation

The Monte Carlo simulation technique is a numerical model that obtains statistics of
output variables, given the statistics of the input variables (Al-aboodi, 2014). The input
data might be defined as random or uncertain values. In each trial, the input values are
sampled based on their distributions, while the output variables are calculated using the
computational model (Cruse, 1997). The output is given as a range of numbers with
associated probabilities of occurrence for all the possible outcomes within that range.
The simulation model must be defined when applying P1 for Monte Carlo simulation. In
this thesis’ case studies, the duration will be forecasted and presented as output of the
model. Further, proper data must be gathered and used as model inputs. Data gathering

is the most time-consuming process of the simulation method, and should be thoroughly
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executed to provide the most accurate outcome possible.

The probability distribution shape that is used for the input data is the PERT distribution,
which is based on the following input parameters: minimum (MIN), maximum (MAX)
and most likely (ML) values. The distribution provides a smooth curve where the "ML"
estimate is favored over the MIN and MAX estimate. By this, it is trusted that even if
the ML value is not exactly accurate, there is an expectation that the resulting value will
be close to that estimate (Structured Data LLC, nd). The simulation tool then generates

the input by taking random sample according to the defined PERT distribution.

The output of the Monte Carlo simulation will be given as histograms and distribution
curves, presented as a cumulative distribution function (CDF) and a probability density
function (PDF) where percentiles will be obtained. Figure 5.1 provides an example of these
two distributions. The X-axis in both functions will be representing the possible output
values. The Y-axis in the PDF curve presents the occurrence probability corresponding
to the value on the X-axis, while the Y-axis in the CDF curve presents the probability
that the outcome takes a value that is equal or less than the corresponding value on the

X-axis (Moeinikia et al., 2015).
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Figure 5.1: Example of a CDF and PDF distribution curve.
(Moeinikia et al., 2014b)
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Harsh weather can interrupt and force huge delays in operations, and thus have great
impact on cost and duration of P&A activities. Also unexpected events often occur
during operations and must be considered when planning for abandonment. Both the
weather and unexpected events can lead to a less effective operation and can increase
the total P&A time and costs, and is referred to as "waiting on weather" (WOW) and
"non-productive time" (NPT). When estimating the total duration of P&A-operations, it
is assumed that there will be some uncertainty and risk related to the MIN, MAX and
ML values. Risk related to WOW and NPT is therefore incorporated as input parameters
in the simulation model. A WOW factor of 6% and an NPT factor of 10% is used for the
simulation. These risk factors are based on experiences from earlier operations, as well as

recommendations and requirements from Aker BP.

5.2 Data Collection

5.2.1 Duration

When fitting Monte Carlo models for the simulation, data from a set of historical wells at
Valhall DP that are similar to the well being P&Aed in this thesis’ case studies, has been
used. Inputs to the simulation regarding duration are collected based on historical data,
expert judgement, and fundamental principles. Experiences and historical data for the
30 wells in the P&A Campaign at Valhall DP, reflecting operational duration, has thus
been used for the time simulations. Figure 3.2 presented in section 3.2 provides a brief

overview of the 30 wells and the duration spent on each well.

In parallel with writing this master thesis, Aker BP have conducted a conductor pulling
campaign at Valhall DP, using the WellRaizer technology. Aker BP has thus provided
with new data reflecting rig up time and time spent on each well from this campaign,
which has been valuable information during the simulation of Case B and the Dream Well.
In addition, forecasts concerning duration of WellRaizer operations, delivered by Claxton

Engineering, has also been used to enhance the reliability of the simulation input.

For the purpose of input to the rigless P&A operations, Halliburton has provided with data
from their Jotun B P&A project. This project used a rigless approach for abandonment,

using equipment with low daily spread rate such as wireline and a modular P&A unit.
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The project scope was split into several phases and has been used as inspiration for this
thesis’ rigless approach. Operational, historical data regarding time has thus been used as

input for the operational rigless phases in the simulation model.

Both the selected MIN, MAX and ML values for duration have been experienced in the
past, and standard deviations have also been taken into account during the selection. It
is necessary to emphasize that historical data might not perfectly represent all possible
outcomes as all wells are unique. By collecting as much data, experiences, and expert
opinions as possible, the simulation becomes more reliable. Therefore, to increase the
validity of the input, experts from companies such as Aker BP, Claxton Engineering,

Halliburton, and Control Cutter, have been incorporated in this study.

5.2.2 Cost

Data regarding costs of P&A operations has been collected from Aker BP’s database and
expert engineers. The Strategy & Portfolio Management department develops Corporate
Assumptions and has provided the thesis with data reflecting daily rates, service rates and
upgrade rates for rigs, platforms, and technology equipment. All their forecasts are based
on mean percentile values. As daily rig rates fluctuate and are affected by marked trends
and demand, the forecasts are updated quarterly. As an example, Appendix Al shows a
three-year change of forecasted daily rate for the MINV jack-up rig and the forecasted
daily rate for rigless platform P&A for the period 2017-2025. This graph emphasizes
that there are uncertainties related to rig rates due to changing market trends, which is

important information to consider when forecasting cost of rig-based operations.

A summary of the cost input used for estimating the total P&A cost for the case studies in
this thesis is provided in Appendix A2. This thesis aims to use this data in the simulation
model as Aker BP has a lean approach to corporate assumptions, where cost forecasts
regarding the technology are regularly updated. To preserve confidential information in

Aker BP, the cost input cannot be provided with all details.
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6 Case Studies

In this chapter, three case studies that is incorporated into the Monte Carlo simulation
model will be provided. As there exists thousands of wells, where all has their own unique
design and face different challenges, it is impossible to cover all methods and technologies.
Due to this, three different platform abandonment approaches will be discussed, and the
cases will cover typical P&A operations and scenarios that often occur for different wells.
A cost and duration forecast for the P&A operation will be performed for each case using
the iQx P1 application. The cases will be compared with respect to the use of a rig-based

approach, a rigless approach, and a combined approach.

Appendix A3 provides the fictitious platform well schematic that is planned to be
abandoned in the three case studies. The schematic is developed based on work experience
from Aker BP and has 4 potential SOIs. The 20" casing is cemented to surface, while the
9 5/8" casing and 13 3/8" casing is not cemented to top. The well is specified with the
depths of the casing shoes. Information about depth is relevant when simulating duration,
as different technological tools are run in and out to different depths of the well. Even
though the well is identical for each abandonment case, the Monte Carlo simulation will
provide different results for the duration and cost forecast. This can be explained as
different technologies has been used, and the operational input has a unique probability
distribution possibility for each case. One should remark that the operational procedure
and input values are provided by experts and historical data, but to some extent may not

cover all possible operations.

Case A and B will reflect today’s scenarios, where there is typically poor annular bonding
leading to several sources of inflow in the well. Therefore, the 13 3/8" casing is cut and
pulled in order to log the 20" casing cement. It is further assumed that the 20" casing log
shows good quality cement and no sustained casing pressure. The operations in phase 1

and 2 is rig-based and identical for case A and B.

The Dream Well case will reflect a "dream well", assuming access to historical data that
confirm no gas migration from D-annulus and annular bonding with good quality. The 20"
casing cement is therefore not logged. The purpose of the Dream Well case is to provide

an innovative solution to a completely rigless abandonment operation. Compared with
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case A and B, some simplifications and assumptions for the dream well has been made to
decrease the complexity of barrier installation. This can be explained by the fact that
the thesis wants to focus on the cut-and-pull operations that are very different from the
conventional method in all phases of case A and phase 1 and 2 of case B. The operations

in phase 0 and 3 is identical for case B and the Dream Well.

e Case A: Rig-based scope in phase 0, 1, 2 and 3.
e Case B: Rig-based scope in phase 1 and 2, and rigless scope in phase 0 and 3.
e Dream Well: Rigless scope in phase 0, 1, 2 and 3.

6.1 Cost Analysis

To calculate the total cost of the P&A operation for each case study, spread rates and costs
of the different technologies are multiplied with forecasted operational time. The spread
rate reflects daily rental costs and daily service costs. The daily service cost includes
planning, formation evaluation and logging, fluid and fluid services, waste and cuttings,
cementing, pipe running and service, fuel, and logistic base labor and objects. Each
operation also includes a tangible cost reflecting the cost of wellhead, XMT, casings, liners,
casing and liner hangers, tubing, and completion accessories. Appendix A2 provides an

overview of the cost of the technology used in the case studies.

6.2 Case A

Each phase of the P&A operation of the fictitious well is rig-based, where a jack-up rig
is used during the entire abandonment operation. Table 6.1 presents the operational
sequence for Case A, as well as a brief review of the Monte Carlo simulation input. The
"phase name" represents the operational main step, while the "event name" represents
sub-operations within the main step. Logging operations are performed with wireline that
is rigged up on the platform rig. Input to these operations are based on calculations in
relation to the depth of the well and the logging speed. PWC technology, explained in

chapter 2.4, is applied to restore seal 3 due to poor annular cement behind the 20" casing.

The duration of conductor cutting, drilling, and pinning, which has been explained
in previous sections, will be the same regardless of whether the operation is rigless

or rig-based, if the same conventional technology is used. Factors that can provide
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a difference in duration and cost are therefore the technology that is used for these
particular operations, as explained in section 2.5. Conventional cut and pin operations is
calculated approximately 2 hours each. More effective technology provided by for instance
ControlCutter AS provides 4 minutes and 3 minutes for conductor cutting and pinning,
respectively (P. Birkeland, personal communication, 2021). In order to provide a realistic
example of a rig-based phase 3 approach, duration reflecting the best and most effective
conductor cutting and pinning technology that exists in today’s market has been used
for case A. This can provide an interesting perspective when comparing the several cases
later in this thesis. Efficient and new technology will reduce the days of operation and
thus reduce the rig-time. For case A, it is interesting to investigate if the difference in
cost and duration is significant compared to case B, even when technology that reduces

the rig-time considerably has been used in case A.

Table 6.1: Operational sequence and input to the Monte Carlo simulation model for
case A.

; ol Variable |
Phase Name | Event Name Variable unit |Dis tribution Type I A |B | < |
Prepare well for P&A and cut tubing
Drift run and caliper run Trip(Mt/Hr) PERT (Min, ML, Max) |200,00 |400,00 |600,00
Integrity logging Trip(Mt/Hr) PERT (Min, ML, Max) |200,00 (400,00 |540,00
o Kill well, bullhead cement Hours PERT (Min, ML, Max) |6,00 9,00 12,00
w Install deep set bridge plug and test plug Hours PERT (Min, ML, Max) |8,00 14,00 (20,00
g Punch tubing above production packer Hours PERT (Min, ML, Max) (6,00 7,00 8,00
T Circulate heavy fluid (tubing+annulus) Hours PERT (Min, ML, Max) [1,00 (2,25 [3,50
Cut tubing above the production packer Hours PERT (Min, ML, Max) |5,00 [6,00 (7,00
Displace annulus and tubing to kill fluid/brine Hours PERT (Min, ML, Max) [1,00 3,50 |6,00
Install downhole safety valve protection sleeve Hours PERT (Min, ML, Max) |6,00 10,00 |12,00
Place tubing hanger plug in production and annulus bore Hours PERT (Min, ML, Max) [15,00 |17,00 |20,00
Pull vertical XMT and N/U BOP
Pull vertical XMT to surface Hours PERT (Min, ML, Max) [12,00 (15,50 |19,00
Install BOP Hours PERT (Min, ML, Max) [11,51 |17,60 [23,69
Pr tion Tubing
Pull tubing hanger and tubing Hours PERT (Min, ML, Max) |24,12 |31,15 |38,18
1 |Cleanout and log 9 5/8" casing
ﬁ Clean 9 5/8" casing Hours PERT (Min, ML, Max) [15,85 (32,50 |49,15
2 Log 9 5/8" casing Trip(Mt/Hr) _ |PERT (Min, ML, Max) |200,00 [400,00 [540,00
O |Set reservoir plug inside 9 5/8" casing (seal 4)
Set 9 5/8" bridge plug Hours PERT (Min, ML, Max) |7,73 |13,50 |19,27
Set primary cement plug inside 9 5/8" casing Hours PERT (Min, ML, Max) [15,51 (17,92 |20,32
Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Set secondary plug inside 9 5/8" casing Hours PERT (Min, ML, Max) [15,51 (17,82 |20,32
Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 |7.75 14,00
Restore seal 3
PWC - Primary plug Hours PERT (Min, ML, Max) [36,50 (49,00 |73,00
Wait on cement and test cement plug Hours PERT (Min, ML, Max) [3,00 |7.75 14,00
PWC - Secondary plug Hours PERT (Min, ML, Max) [36,50 |49,00 |73,00
Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Cut and pull 9 5/8" casing & and log 13 3/8" casing
Cut and pull 9 5/8" casing Hours PERT (Min, ML, Max) [16,75 (29,25 |41,75
Cleanout 13 3/8" casing Hours PERT (Min, ML, Max) |4,87 10,90 |17,00
Log 13 3/8" casing Trip(Mt/Hr) _ |PERT (Min, ML, Max) |200,00 [400,00 |540,00
Restore seal 2
Install 13 3/8" bridge plug Hours PERT (Min, ML, Max) [6,73 |11,65 (16,57
~ Set primary cement plug inside 13 3/8" casing Hours PERT (Min, ML, Max) [15,51 (17,92 |20,32
ﬁ Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
% Set secondary cement plug inside 13 3/8" casing Hours PERT (Min, ML, Max) [15,51 |17.92 |20,32
o Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Cut and pull 13 3/8" casing
Cut and pull 13 3/8" casing Hours PERT (Min, ML, Max) [18,18 |40,58 [62,99
Cleanout and log 20" casing
Cleanout 20" casing Hours PERT (Min, ML, Max) [5,63 (10,88 |16,20
Log 20" casing Trip(Mt/Hr)  |PERT (Min, ML, Max) |200,00 |400,00 |540,00
Restore seal 1 - Install surface barrier
Set 20" EZSV Hours PERT (Min, ML, Max) (4,70 |625 (14,28
Install envirenmental cement plug Hours PERT (Min, ML, Max) |5,00 6,85 8,70
Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
N/D BOP
N/D BOP Hours PERT (Min, ML, Max) [1,00 2,00 (3,00
on |Cut casing and conductor
w Drill and pin conductor and casings Hours PERT (Min, ML, Max) |0,06 0,06 0,07
2 Conduct cut Hours PERT (Min, ML, Max) |0,05 |0,05 [0,06
% Retrieve wellhead, surface casing and conductor
Retrieve Wellhead and conductor casing Hours PERT (Min, ML, Max) 25,00 [30,00 [35,00
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For the purpose of cost estimation for case A, the following technology expenses are
included: daily rig rate, daily rig service rate, daily wireline rate, BOP rate, cutting

equipment rates and tangible costs.

6.3 Case B

For this case, the P&A procedure provides a combination of rig-based and rigless operations.
The rig scope has been remarkably reduced compared to case A, as phase 0 and phase
3 is performed completely rigless by using well intervention equipment. The WellRaizer
unit is rigged up on the platform in phase 3. Phase 1 and 2 for this case is rig-based and

identical case A.

Table 6.2 presents the operational sequence for case B, and the associated MIN, ML and
MAX duration input to the Monte Carlo simulation model. This study provides a very
similar abandonment approach as Aker BP’s P&A campaign at Valhall DP. Spring 2021,
Aker BP performed phase 3 with the WellRaizer technology, and this has been the source
of inspiration when making this case study. Operations involving cutting, pulling, drilling,
and pinning using the WellRaizer technology are based on real experiences and data.
Rigging up the WellRaizer unit is expected to take approximately a week and explains why
this event has a different distribution type than the other events. Operations involving
logging and barrier installation are based on experiences and data from the rigless Jotun

B project, delivered by Halliburton AS.

Daily rental of jack-up rig, WellRaizer, wireline, drill pipe, cutting equipment, rigless

equipment package, as well as the tangible costs are included in the cost estimate.
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Table 6.2: Operational sequence and input to the Monte Carlo simulation model for
case B.

. | Variable |
Phase Name | Event Name Variable unit |Distribution Type ‘ A |B | 3 |
Prepare well for P&A and cut tubing
Drift run and caliper run Trip(Mt/Hr) PERT (Min, ML, Max) (200,00 (400,00 (600,00
Integrity logging Trip(Mt/Hr) PERT (Min, ML, Max) |200,00 (400,00 (540,00
o Kill well, bullhead cement Hours PERT (Min, ML, Max) |6,00 9,00 12,00
w Install deep set bridge plug and test plug Hours PERT (Min, ML, Max) |6,50 9,00 11,50
2 Punch tubing above production packer Hours PERT (Min, ML, Max) |6,00 7,00 8,00
I Circulate heavy fluid (tubing+annulus) Hours PERT (Min, ML, Max) |1,00 2,25 3,50
o Cut tubing above the production packer Hours PERT (Min, ML, Max) (12,00 (14,00 (30,00
Displace annulus and tubing to kill fluid/brine Hours PERT (Min, ML, Max) |3,00 4,50 7,90
Install downhole safety valve protection sleeve Hours PERT (Min, ML, Max) |6,00 10,00 (12,00
Place tubing hanger plug in production and annulus bore Hours PERT (Min, ML, Max) [12,70 (16,50 [20,00
Pull vertical XMT and N/U BOP
Pull vertical XMT to surface Hours PERT (Min, ML, Max) |7,00 12,00 |17.00
Install BOP Hours PERT (Min, ML, Max) [11,51 [17,60 23,69
Recover Production Tubing
Pull tubing hanger and tubing Hours PERT (Min, ML, Max) |24,12 (31,15 [38,18
' |Cleanout and log 9 5/8" casing
ﬁ Clean 9 5/8" casing Hours PERT (Min, ML, Max) (15,85 (32,50 (49,15
<I‘: Log 9 5/8" casing Trip(MyHr) _ |PERT (Min, ML, Max) |200,00 |400,00 |540,00
0. |Set reservoir plug inside 8 5/8" casing (seal 4)
Set 9 5/8" bridge plug Hours PERT (Min, ML, Max) |7,73 13,50 |[19,27
Set primary cement plug inside 9 5/8" casing Hours PERT (Min, ML, Max) |15,51 (17,92 |20,32
Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Set secondary plug inside 9 5/8" casing Hours PERT (Min, ML, Max) (15,51 (17,92 (20,32
\Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Restore seal 3
PWC - Primary plug Hours PERT (Min, ML, Max) [36,50 (49,00 (73,00
'Wait on cement and test cement plug Hours PERT (Min, ML, Max) |3,00 7,50 14,00
PWC - Secondary plug Hours PERT (Min, ML, Max) (36,50 (49,00 (73,00
\Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Cut and pull 9 5/8" casing & cleanout and log 13 3/8" casing
Cut and pull 9 5/8" casing Hours PERT (Min, ML, Max) (16,75 (29,25 (41,75
Cleanout 13 3/8" casing Hours PERT (Min, ML, Max) |4,87 10,90 |17.00
Log 13 3/8" casing Trip(MyHr) _|PERT (Min, ML, Max) |200,00 |400,00 |540,00
Restore seal 2
& Install 13 3/8" bridge plug Hours PERT (Min, ML, Max) (6,73 11,65 (16,57
w Set primary cement plug inside 13 3/8" casing Hours PERT (Min, ML, Max) (15,51 (17,92 (20,32
2 Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
T Set secondary cement plug inside 13 3/8" casing Hours PERT (Min, ML, Max) |15,51 (17,92 |20,32
= Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
Cut and pull 13 3/8" casing
Cut and pull 13 3/8" casing Hours PERT (Min, ML, Max) (18,18 (40,58 62,99
Cleanout and log 20" casing
Cleancut 20" casing Hours PERT (Min, ML, Max) |5,63 10,88 |16,20
Log 20" casing Trip(MtHr)  [PERT (Min, ML, Max) |200,00 |400,00 |540,00
Restore seal 1 - Install surface barrier
Set 20" EZSV Hours PERT (Min, ML, Max) (4,70 6,25 14,28
Install environmental cement plug Hours PERT (Min, ML, Max) |5,00 6,85 8,70
\Wait on cement and test plug Hours PERT (Min, ML, Max) |3,00 7,75 14,00
N/D BOP
N/D BOP Hours PERT (Min, ML, Max) [1,00 2,00 3,00
Rig up Claxton WellRaizer
Rig up Claxton WellRaizer Hours Spike (ML) 170,00
Cut casing and
o0 Drill and pin conductor Hours PERT (Min, ML, Max) |0,50 0,66 1,00
w Cut casings and conductor Hours PERT (Min, ML, Max) [14,40 (17,50 [20,50
2 Retrieve wellhead, surface casing and conductor
E Pull up and run landing string Hours PERT (Min, ML, Max) (10,00 (12,00 (13,00
Engage to wellhead and surface Hours PERT (Min, ML, Max) (10,00 (12,00 (12,00
Pull wellhead to surface Hours PERT (Min, ML, Max) |3,50 4,00 5,00
Bore and pin below overshot Hours PERT (Min, ML, Max) |1,50 2,00 3,00
Cut, pin and lay down sections Hours PERT (Min, ML, Max) (23,50 (24,00 (25,00
Secure deck openings Hours PERT (Min, ML, Max) |1,50 2,00 3,00

6.4 Dream Well

For the dream well, it is assumed that the 20" casing cement was logged after cementing
and that the historical logging data show good quality cement. Even though there is no
sustained casing pressure in D-annulus, it is decided to cut and pull the 13 3/8" casing
and install an internal 20" cross-sectional surface barrier. This further emphasize the
opportunities and solutions with the rigless technology, even though a 13 3/8" cross-
sectional surface barrier would be sufficient in this case. This also constitutes a fully

comparative relationship between the Dream Well and case A and B regarding operations,
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and thus time and cost.

The rigless recovery system, WellRaizer, is planned to have interface with the platform
system in addition to other well intervention equipment to complete the entire P&A
operation of the Dream Well-case. The WellRaizer unit is rigged up in phase 1 of the
abandonment operation. Equipment such as wireline, drill pipe, recovery strings and
several service and operating tools are run through the WellRaizer. The recovery system
has many of the same features as a drilling rig, especially when it comes to pulling and
surface forces. As drill pipe is already used during the tubing recovery, it will also be
used through the WellRaizer to pump and establish permanent cement barriers above the

required SOls.

Wireline is run in hole to perform well diagnostics and to cut the production tubing. The
tubing is then recovered as per WellRaizer tubing recovery procedure explained in previous
sections. All logging operations are performed with wireline. For the fictitious well, it is
assumed that the 9 5/8" annular cement log shows good quality, and two cross-sectional
internal cement plugs are set with drill pipe above SOI 4 and SOI 3. The 9 5/8" casing is
cut and pulled with the WellRaizer, as per the casing recovery procedure. It is assumed
that the 13 3/8" logging results shows good annular cement quality and no source of
inflow. Two cross-sectional internal cement plugs are then set with drill pipe above SOI
2. The 13 3/8" casing is then pulled with the WellRaizer. As this case describes the
abandonment of a "dream well", it is reasonable to assume that D-annulus has sufficient
bonding and that the well is killed when seal 2 is restored. The 13 3/8" BOP can thus
be safely removed from the well, and the 13 3/8" casing can be cut and pulled with the
WellRaizer unit. A 20" internal cement plug is set with drill pipe and verified as surface
plug. Table 6.3 presents the operational sequence for the Dream Well, and the associated
MIN, ML and MAX duration input to the Monte Carlo simulation model.

A rigless P&A operation relies on infrastructure which normally exist on drilling rigs,
as explained in section 4.3. Infrastructure packages including cementing systems, mud
systems, pumping services such as tanks, silos, pumps, shakers, and blenders must be
transported on board the platform. The cost of such an equipment package depends on
the infrastructure available on the platform. Otherwise, tangible costs and daily rental

of WellRaizer, wireline, drill pipe, BOP and HP riser, pipe handling equipment, cutting
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equipment and a small jacking system are included in the cost estimate.

Table 6.3: Operational sequence and input to the Monte Carlo simulation model for the
Dream Well.

[ Variable |
Phase Name | Event Name Variable unit |Dlslrlbmlan e IA IB [C ]
Prepare well for P&A and cut tubing
Drift run and caliper run Trip(MYHr) PERT (Min, ML, Max)  [200,00 |400,00 [600,00
Integrity logging Trip(MYHr) PERT (Min, ML, Max)  |200,00 |400,00 [540,00
o Kill well, bullhead cement Hours PERT (Min, ML, Max) 6,00 9,00 12,00
w Install deep set bridge plug and test plug Hours PERT (Min, ML, Max) |6,50 9,00 11,50
2 Punch tubing above production packer Hours PERT (Min, ML, Max) |6,00 7,00 8,00
z Girculate heavy fluid (tubing+annulus) Hours PERT (Min, ML, Max) [1,00 [225 (3,50
Cut tubing above the production packer Hours PERT (Min, ML, Max)  |12,00 14,00  |30,00
Displace annulus and tubing to kill fluid/brine Hours. PERT (Min, ML, Max) |3,00 450 7.90
Install downhole safety valve protection sleeve Hours PERT (Min, ML, Max) 6,00 10,00 12,00
Place tubing hanger plug in production and annulus bore Hours PERT (Min, ML, Max) 112,70 16,50 20,00
Rig up Claxton
Rig up Claxton WellRaizer Hours Spike (ML) 170,00
Pull vertical XMT and N/U BOP
Pull vertical XMT to surface Hours PERT (Min, ML, Max) (12,00 15,50 19,00
Install BOP Hours PERT (Min, ML, Max) 111,51 17,60 23,69
Recover Production Tubing
Pull up and run landing string Hours PERT (Min, ML, Max) (10,00 12,00 13,00
o Engage to wellhead Hours PERT (Min, ML, Max)  |10,00 12,00 13,00
w RIH with tubing hanger retrieval tool & engage tubing hanger Hours. PERT (Min, ML, Max)  [1,50 175 2,00
2 Pull tubing hanger and tubing Hours: PERT (Min, ML, Max) 49,50 66,00 132,00
E Cleanout and log 9 5/8" casing
Clean 8 5/8" casing Hours PERT (Min, ML, Max) (47,40 61,00 64,70
Log 9 5/8" casing Trip(MyHr) PERT (Min, ML, Max) |170,00 [180,00 [190,00
Set reservoir plug inside 9 5/8" casing (seal 4)
Install 9 5/8" Bridge plug Hours PERT (Min, ML, Max) (20,00 25,00 30,00
Set primary reservair plug inside 9 5/8" casing Hours. PERT (Min, ML, Max) 22,00 [28,00 |35,00
Wait on cement and test plug Hours PERT (Min, ML, Max) |12,00 14,00 16,00
Set secondary reservoir plug inside 9 5/8" casing Hours. PERT (Min, ML, Max) |22,00 |28,00 |35,00
Wait on cement and test plug Hours PERT (Min, ML, Max)  |12,00 14,00 16,00
Restore seal 3
Install 9 5/8" Bridge plug Hours PERT (Min, ML, Max) |15,00 17,00 20,00
Primary internal cement plug Hours. PERT (Min, ML, Max) 22,00 |28,00 |35,00
Wait on cement and test cement plug Hours. PERT (Min, ML, Max)  |12,00 14,00 16,00
Secondary internal cement plug Hours PERT (Min, ML, Max) (42,50 46,00 49,50
Wait on cement and test plug Hours PERT (Min, ML, Max) [12,00 14,00 16,00
Cut and pull 9 5/8" casing & cleanout and log 13 3/8" casing
Cut 9 5/8" casing Hours PERT (Min, ML, Max) [9,00 12,00 15,00
RIH with casing hanger retrieval tool and engage casing hanger Hours PERT (Min, ML, Max) |2,65 3,25 3,80
Pull 9 5/8" casing Hours PERT (Min, ML, Max)  |52,00 79,00 105,00
Cleanout 13 3/8" casing Hours PERT (Min, ML, Max) |9,00 9,70 10,00
Log 13 3/8" casing Trip(Mt/Hr) PERT (Min, ML, Max) |170,00 [180,00 [190,00
«~ |Restore seal 2
w Install 13 3/8" Bridge plug Hours PERT (Min, ML, Max) |6,00 8,00 10,00
2 Primary internal cement plug Hours PERT (Min, ML, Max)  |22,00 28,00 35,00
T Wait on cement and test cement plug Hours PERT (Min, ML, Max) [12,00 [14,00 |16,00
& Secondary internal cement plug Hours. PERT (Min, ML, Max) 22,00 |28,00 |35,00
Wait on cement and test cement plug Hours PERT (Min, ML, Max)  [12,00 14,00 16,00
N/D BOP
N/D BOP Hours PERT (Min, ML, Max)  [1,00 2,00 3,00
Cut and pull 13 3/8" Casing
Cut 13 3/8" casing Hours. PERT (Min, ML, Max) |9,00 12,00 15,00
Pull 13 3/8" casing using WellRaizer Hours PERT (Min, ML, Max) |13,00 18,00 26,00
Restore seal 1 - surface barrier
Install 20" bridge plug Hours PERT (Min, ML, Max) |5,40 5,80 7.20
Mix and pump cement Hours PERT (Min, ML, Max)  [4,15 475 535
Install environmental cement plug Hours. PERT (Min, ML, Max)  |1,10 175 240
Wait on cement Hours PERT (Min, ML, Max)  |2,00 6,00 12,00
Verify surface plug Hours: PERT (Min, ML, Max) 1,50 3,30 5,00
Cut casing and conductor
Drill and pin conductor Hours PERT (Min, ML, Max) |0,50 0,66 1,00
Cut casings and conductor Hours PERT (Min, ML, Max) _ |14,40 17,50 20,50
|Retrieve wellhead, surface casing and conductor
ﬁ Pull up and run landing string Hours PERT (Min, ML, Max) (10,00 12,00 13,00
% Engage to wellhead and conductor Hours PERT (Min, ML, Max)  |10,00 12,00 12,00
a Pull wellhead to surface Hours PERT (Min, ML, Max)  [3,50 4,00 5,00
Bore and pin below overshot Hours PERT (Min, ML, Max) |1,50 2,00 3,00
Cut, pin and lay down sections Hours PERT (Min, ML, Max)  |23,50 24,00 25,00
Secure deck openings Hours. PERT (Min, ML, Max) 1,50 2,00 3.00
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7 Estimation Results

In this chapter, the simulation results reflecting the operational duration will be presented
in graphs, histograms, and tables for each case study. Further, the cost estimates will be

presented, as well as a comparison of time and cost between the case studies.

7.1 Case A

A report of the time CDF plot is presented in figure 7.1 and shows the probability of
being less than or equal the duration on the X-axis. For instance, the P90 value is 32.17
days, which means that there is a 90% probability that the well can be P&Aed within
32.17 days or less. At the same time, it also means that there is a 10% probability that
the well can be P&Aed within 32.17 days or more. The P10 value shows 23.99 days,
which provides a 10% probability to abandon the well within 23.99 days or less, and a
90% probability to abandon the well within 23.99 days or more. In addition, Appendix
A4 provides the simulation results for the mean percentile, P10, P50 and P90, as well as a

detailed operational breakdown with all phases and events.

The mean value of the time CDF explains that the average of the simulations that are
run with all percentiles in the model involved, will be equal or less than 28.05 days. The
time PDF, shown in figure 7.2, illustrate that the time ranges with the highest occurrence
probability and likelihood is approximately 27 to 28 days or 28 to 29 days. This means
that the probability that a random variable in the simulation model will fall within one of

these two time intervals is 12% each.
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P10: 23.99, Mean: 28.05, P90: 32.17
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Figure 7.1: Time Cumulative Distribution Function for case A.
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Figure 7.2: Time Probability Density Function for case A.

Figure 7.3 provides the individual phase duration, and easily illustrates that restoring seal
3 is the most time-consuming operation, with an estimated average duration of 5.69 days.
The least time-consuming operation is the "cut casing and conductor"-phase. To cut the
conductor and casing provides an average duration of approximately 14 minutes with the
casing/conductor cutting technology, in addition to some extra time to run the cutting
tool in and out of the well. Once the casing/conductor is cut downhole, it is pulled and

cut in several sections using the ControlCutter technology, as explained in section 6.2.
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Figure 7.3: Simulated phase duration of case A.

The operational phases that provides the greatest effect on the variability of the project
duration are the ones that show the greatest variance between the percentile bars. This
information is essential when considering risk related to the model and the simulations.
For case A, "Restore seal 3", "Cut and pull 13 3/8" casing" and "Prepare well for P&A

and cut tubing" have thus the highest variance between the P10 and P90 percentile bars.

7.2 Case B

Seen by the CDF curve in figure 7.5, the estimated mean duration to complete the P&A
operation for case B is 38.07 days. The P10 and P90 value is 33.86 days and 42.39 days,
respectively. Detailed simulation results for the mean percentile, P10, P50 and P90, as
well as a detailed operational breakdown with all phases and events can be found in
appendix Ab5. In addition, the PDF curve explains that the number of days with the
highest occurrence probability to complete the P&A operation is approximately 37 to 38

days, as shown in figure 7.5.
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P10: 33.86, Mean: 38.07, P90: 42.39
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Figure 7.4: Time Cumulative Distribution Function for case B.
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Figure 7.5: Time Probability Density Function for case B.

Except for the "Rig up Claxton WellRaizer"-phase name, the graphs in figure 7.6 illustrates
that restoring seal 3 is the most time-consuming operation with an average duration
of 5.68 days. In this case, the phase name with the absolute highest duration variance

between the P10 and P90 percentile bars is "Restore seal 3".
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Figure 7.6: Simulated phase duration of case B.

7.3 Dream Well

Figure 7.7 and 7.8 displays the CDF and PDF curve of the Dream Well-case. The CDF
curve illustrates a mean duration to complete the P&A operation of approximately 49.31
days, while the PDF curve explains that the time range with the highest occurrence
probability is approximately 48 to 49 days. The P10 and P90 value of the CDF curve is
45.52 days and 53.29 days, respectively. Detailed simulation results for the mean percentile,
P10, P50 and P90, as well as a detailed operational breakdown with all phases and events

can be found in appendix AG6.
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Figure 7.7: Time Cumulative Distribution Function for Dream Well.
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Figure 7.8: Time Probability Density Function for Dream Well.

The phase names with the highest mean time interval is "Restore seal 3", displayed by
figure 7.9. The following phase names, "Recover Production Tubing" and "Cut 9 5/8"
casing & cleanout and log 13 3/8" casing", have the highest variance between the P10

and P90 percentile bars in this case.
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Figure 7.9: Simulated phase duration of Dream Well.

7.4 Time and Cost Comparison

The simulation results and statistical values of each case study are displayed in table
7.1. The statistical values represent the P10, P50, P90 and mean of the distribution. A
summary of mean cost and duration for each case is also provided in figure 7.10. The
graphs give an indication of which scenario that is most efficient regarding time and cost.
As explained in section 6.1, the cost estimation is a result of multiplying the cost and

spread rate of the involved technology with the forecasted operational time.

Table 7.1: Summary of all simulation results.

Duration [days] Cost [MNOK]

P10 P90 P50 Mean P10 P90 P50 Mean
Case A: 23.99 32.17 | 27.99 | 28.05 126.5 | 183.6 | 154.4 | 154.7
Rig-Rig-Rig-Rig
Case B: 33.86 3798 | 4239 | 38.07 | 1099 | 161.8 | 135.1 135.4
WI-Rig-Rig-WI
Dream Well: 45.52 5329 | 49.23 | 49.31 76.2 96.8 86.1 86.3
WI-WI-WI-WI
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For the Dream Well, the P50 value is approximately 49.23 days, which means that there

is a 50% probability or chance that the operation can be delivered in 49.23 days or less.

For case A and case B, P50 is 27.99 and 37.98 days, respectively. The distribution has

a small degree of positive skewness, making P50 slightly smaller than the mean value.

However, as this difference is not significant, this thesis will continue to operate with the

mean output values in the further discussion.

Table 7.2 illustrates the removal /reduction in rig time for case B and Dream Well relative

to case A. This is calculated from the values simulated for each operational phase. For

case B, the rig time is reduced by approximately 19% relative to case A. For the Dream

Well, the rig time is completely removed.

Table 7.2: Summary of removed /reduced rig time.

Reduction in rig time relative to case A
Case A: 0%
Rig-Rig-Rig-Rig
Case B: 19%
WI-Rig-Rig-WI
Dream Well: 100%
WI-WI-WI-WI
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The total mean P&A cost for the Dream Well is approximately 86.3 MNOK, which is a
decrease of 49.1 MNOK and 68.4 MNOK relative to case B and case A, respectively. As
seen in figure 7.11, the biggest cost savings can be obtained in phase 1 and phase 2 of the
P&A procedure. Meanwhile, phase 1 and 2 is also the most time-consuming phases. As
figure 7.12 illustrates, there is an increase of approximately 15 days and 4 days when using
well intervention equipment in phase 1 and 2, respectively. Rigging up the WellRaizer

unit in case B and the Dream Well provides approximately 8 days.
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Figure 7.11: Mean total cost of each P&A phase.
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Figure 7.12: Mean duration of each P&A phase.
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& Discussion

The main goal of forecasting cost and duration of P&A operations is to predict an uncertain
future and minimize risk. The results in this thesis shows that this can be done by using
Monte Carlo simulations and constructing a suitable model based on historical data,
expert opinions, and fundamental principles. Three different platform well abandonment
approaches have been explored in this thesis: a rig-based approach, a rigless approach, as
well as a combination of rig-based and rigless approach. The comparison between the case
studies in chapter 6 is an attempt to suggest the most appropriate approach to platform
P& A regarding cost and duration. Considering this, this chapter will discuss benefits and
challenges related to the different approaches from a duration, cost, environmental and

societal point of view, as well as limitations related to the simulation model.

8.1 Value Interpretation

The simulation results from the case studies have provided interesting observations. There
are several ways to interpret the value of rigless P&A. The value perspective can be
divided into the value of saved operational duration, and the value of saved rig-time. As
observed from the simulation results, a rigless P&A approach increase the operational
duration. With today’s technology, it is more time-consuming to use well intervention
equipment, rather than a rig, when the P&A complexity increase. The level of success
of P& A operations should be measured in efficiency, which involves several factors other
than only time spent. The operational efficiency is also based on how well the operation
is performed regarding how cheaply it can be done, and thus the social benefits it can

provide.

By operating completely rigless, the case studies show that the mean duration increases
with 21.26 days relative to a rig-based approach, while operating with a combined rig-
based and rigless approach increases the mean duration by 9.87 days. However, the mean
removed rig time is 28.05 days for the Dream Well and the mean removed /reduced rig
time is 5.41 days for case B, relative to case A. Even though the combined approach in
case B reduce the rig time by only 5.41 days, a significant mean saving of 19.3 MNOK is

obtained. Subject to a rough estimate, using this value for estimating a platform with 10
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well slots to be P&Aed, a total of 193 MNOK could have been saved using this approach.
Most people would naturally think that the less days spent on P&A of a well, the better
and cheaper. This in itself is true when considering rig-based P&A, and the vast majority
of other projects nowadays, as discussed in section 3.2. Compared to rigs, well intervention
equipment is smaller and cheaper, and both results from case B and the Dream Well
confirm that the total cost will be less even when the number of operational days increase
significantly. The graphs in figure 7.10 in section 7.4 illustrates that even though the
P&A duration increase by 75.8%, it will still become 55.8% cheaper if the P&A operation
changes from completely rig-based to completely rigless. This thesis shows that when
considering cost-savings, results from the case studies emphasize that time is not always

money.

8.2 Phase Interpretation

As phase 1 and 2 is rig-based and identical in case A and B, and phase 0 and 3 is rigless
and identical in case B and Dream Well, this provides a good overall picture of where the
biggest savings can be obtained, and which operations that is the most time-consuming.
Most time during the P&A operation is spent on phase 1 and 2 for all the three case
studies. Hydraulic jacking units, such as the WellRaizer unit, has a less efficient operation
speed than a rig, and this can be easily confirmed as phase 1 and 2 has increased with
approximately 15 days and 4 days, respectively, for the Dream Well. These phases involve,
for instance, cutting and pulling of tubing and casing strings, which is considered as
complex operations. Hydraulic jacking units with the same properties as the WellRaizer, is
very much smaller than a rig, but has nevertheless the ability to perform such operations.
It is therefore conceivable that hydraulic jacks spend more time on these operations as they
have a lower weight and less surface pulling force than a rig. In addition, as explained in
section 4.2.1, the WellRaizer pulling operations are driven by a hydraulic jacking principle
where each casing string is pulled in several sections. This procedure might increase
the duration compared to a rig, which may have a more established workflow. However,
performing phase 1 and 2 with well intervention equipment reduces the mean total cost by
9 MNOK and 42 MNOK, respectively, relative to the rig. Findings from Moeinikia (2016)’s
study of rigless P&A on subsea wells, explained that substantial cost savings and released

rig time could be obtained by using cost effective technologies and light weight intervention
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vessels instead of rigs in several phases. Wittberg (2017) suggested a rigless approach for
reservoir abandonment on platforms that released six days of operational rig time and
provided significant savings. This indicates that others’ research and observations, even
though they are based on a different basis, are definitely compliant with the results and
findings of this thesis’ case studies. There is a remarkably large difference in duration and

cost by using substitutes to rig technology.

The difference in duration is less significant between the three case studies in phase 0,
with a mean duration of approximately 4 days each. A rigless phase 0 turns out to be
almost just as time efficient as a rig-based phase 0, which indicates that operators have
invested in more knowledge and experience regarding a rigless phase 0. This can also
explain why preparatory work for P&A is normally performed rigless on platform wells
today, as mentioned in section 2.3. With this in mind, this emphasize the importance of
investing in innovative solutions and substitutes to rigs, which in a long-term perspective
can save the operators for large expenses. To highlight this point, a mean cost of 14

MNOK was saved by performing phase 0 without a rig in the case studies of this thesis.

As mentioned in section 6.2, the most efficient cutting technology on today’s marked,
delivered by ControlCutter, is used in phase 3 for case A. The cost of this technology is
remarkably higher than the cost of conventional cutting technology, as the company must
be compensated for saving the operation for a lot of rig time. If conventional cutting
technology had been used in phase 3 in case A, the rig time would increased further. In
the development of P&A operations, it is crucial to discuss and calculate whether it is
ultimately cheaper to use expensive and effective technology rather than "cheap" and less
effective conventional technology. As the simulation results clearly highlight in this thesis,
large expenses can be saved by reducing the rig scope as high and often unpredictable rig
rates can be neglected. The hydraulic jack spends almost three times longer performing
phase 3 compared to the rig. Despite this, a mean cost of 3 MNOK is saved. This price
difference is not as significant as in phase 0, 1 and 2, and this is due to the time-efficient
cutting technology used in case A. This provides however an interesting fact, as the rigless

approach is still cheaper although it is much more time-consuming in phase 3.
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8.3.1 Social Profit

Another important aspect of the cost in this thesis is that 78% of the P&A expenses are
paid by the Norwegian society through tax, as discussed in section 1.1. Using case B as
an example, as this case represents a typical P&A scenario today, the mean total cost of
abandoning one single well was estimated to 135.4 MNOK, as shown in section 7.4. 78%
of this cost represents approximately 105 MNOK, which is thus required to be paid by
the Norwegian state through tax regulations. For further discussion, one can assume that
abandoning 10 wells at this cost implies NOK 1.3 billion, where approximately NOK 1
billion represents 78%. As explained in section 1.1, approximately 4808 wellbores on the
NCS will be P&A’ed in the future. By using the mean total P&A cost from case B, a
rough estimate indicates a total cost of approximately NOK 650 billion to abandon all
these wells. If this number can be reduced, this will lead to a great gain for the state, as
well as providing the opportunity for the saved expenses to benefit elsewhere in the state.
This further strengthens the motivation to establish new approaches and better P&A
technology that can reduce the costs. To compare, a rough cost estimate of abandoning
one single well, 10 wells and 4808 wells gives approximately 86 MNOK, 863 MNOK and
NOK 414 billion, respectively, by using the rigless Dream Well-approach and its mean
total cost of 86 MNOK, given in section 7.4. 78% of these expenses indicate approximately
67 MNOK, 673 MNOK and NOK 322 billion, respectively, which will be paid by the state.

Noticeably, the cost results and the assumed long-term P&A costs indicate that the state
and the society should be strongly involved in the development of P&A technology and
rigless P&A. As this thesis has proven through comprehensive analysis, large expenses
can be saved by releasing drilling rigs from the P&A scope, and the economic benefit to
society is in fact greater than the economic benefit to the individual company. As a result
of this, the development of rigless P&A approaches will be both useful to the industry

and operators, and provide significant societal benefits and value.
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8.3.2 Environmental Perspective

As explained in section 3.3, the MINV rig used in the P&A campaign at Valhall DP,
was one of the first rigs that has been powered fully from shore. This indicates that the
world is facing an extensive development potential in terms of making offshore operations,
including P& A activities, more environmentally friendly. Well intervention equipment,
presented in chapter 4, is suggested as more sustainable alternatives to rigs in order
to meet the present and future environmental challenges. For instance, the WellRaizer
technology emits only 20% as much emissions compared to a rig, as discussed in section
4.2.1. Even though well intervention equipment is often driven by diesel engine packages
and generates its own power, this implies a step in the right direction towards the green
shift. One interesting aspect for future research could be to investigate the opportunities of
electrification of well intervention equipment such as hydraulic jacking units and wireline
units. As the annual emissions was remarkably reduced by using the onshore powered
MINYV rig, it is reasonable to assume that electrified well intervention equipment will
reduce the emissions to a further level. Rig activity can impose serious environmental
consequences for our planet, and therefore investing in well intervention technology that

can provide a positive effect on the environment should be highly appreciated.

8.3.3 The Power of Flexibility

In section 3.1, it was discussed that drilling rigs are traditionally used during P&A
operations on platforms. In addition to save the total cost of P&A per well, rigless P&A
is also advantageous as it avoid conflicts with other operations which depends on the use
of a rig, such as drilling of exploration and production wells. Operators will achieve a
greater degree of flexibility by releasing the rig from abandonment operations. This makes
is possible to save time and cost as it is no longer necessary to be a part of the rig market
and its fluctuations regarding supply and demand. This means that factors related to rig,
which has previously been able to affect the productivity of P&A operations, will become
absent. For operators, this will reduce the unpredictability of the total P&A cost and

make it easier to plan and predict the total expense.
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8.4 Model Limitations and Improvements

8.4.1 Scarce Data

First of all, this thesis examined a limited amount of data from wells at the Valhall DP
field and Jotun B field. To raise quality and credibility, knowledge, and experiences from
experts within the industry was incorporated into the simulation model, and this has
been a major factor for mitigating risk and uncertainty related to the model output.
Nevertheless, scarce data may have led to increased variance in the simulation output of
the case studies. On the other hand, a main focus for the analysis and simulations in this
thesis was to use input data from real wells with the same characteristics and qualities as
the fictitious well. As the case studies covers operations which are considered complex
and frequent in the various fields today, the data input used in this thesis represent a

diversity that is believed to produce good forecasts and indications.

8.4.2 Percentile Variance

The operational phases that provides the greatest effect on the viability of the project
duration are the ones with the greatest variance between the percentile bars, as described
for each case study in chapter 7. The biggest time difference between P10 and P90 is
for the individual phase "Restore seal 3", in case A and case B. This may indicate that
additional engineering effort should be required in order to eliminate or mitigate risk
identified in these phases to reduce this difference. It is not unlikely that the historical
wells, as data in this thesis is retrieved from, has encountered uncertainties during this
individual phase and has thus generated some deviations in the simulation model. For the
Dream Well-case, cut-and-pull operations such as recovery of the production tubing and
the 9 5/8" casing provided the greatest variance in duration, as figure 7.9 in section 7.3
shows. This might be a consequence of the fact that only a scarce amount of data currently
exists for rigless pulling operations, and this makes it more challenging to estimate good
simulation results. In the future, there will hopefully exist more data and knowledge
related to completely rigless P&A, which can mitigate hazards and risk and provide better
forecasts. In that way, one interesting aspect for future research could be to attempt to

reduce the variance between the percentiles for the rigless operations in this thesis.
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Even though variance occurs at different levels between P10 and P90 for the several
individual phases, they are overall small compared to the total cost and duration for
the case studies. For instance, the difference between P10 and P90 for the entire P&A
operation is 8.18 days for case A, 4.12 days for case B and 7.77 days for the Dream Well.
However, the difference between P10 and P90 regarding cost is only 21 MNOK for the
dream well, while it is 57 MNOK and 53 MNOK for case A and B, respectively. This
clearly reinforce that a rigless approach can withstand greater variation and uncertainty
in terms of operational duration than rig-based approaches. One explanation for this is

that exceeding the planned rig time will place a significant burden on the cost plan.

8.4.3 Reliability Appraisal

As discussed in section 5.2, several unforeseen events can occur and affect the duration of
P& A operations. Figure 3.2 in section 3.2 reflects the duration of abandonment operations
of wells at Valhall DP, using the same P&A approach as in case B. As shown in this
figure, NPT and other uncertainty factors have been included in the time estimates. As a
consequence, these factors are also incorporated into the simulation models in this thesis’
case studies, as historical data from these wells has been used as explained in section 5.2.
By including learnings from earlier P&A operations, it is reasonable to believe that this
contributes to increase the reliability of the simulation output. The average operational
duration per well in the P&A campaign at Valhall DP was approximately 40 days, and
this also corresponds to the mean duration of 38.07 days in case B. This further indicates

that the simulation models made in this thesis is suitable and provides realistic scenarios.

On another note, the mean total cost of the entire P&A operation for the Dream Well has
been reduced by 55.8% relative to case A. This outcome corresponds to earlier studies,
such as Straume (2016) research, explaining that the rig cost constitutes about 40-50% of
the total P&A costs. It therefore makes sense that such large savings has been obtained for
the Dream Well-case, as the rig activity has been removed. Considering this, it amplifies
a high reliability of the estimation results of the Dream Well. Even though there has been
a limited amount of available operational data regarding rigless P& A, this indicates that

the collected data has been realistic and convenient for the case study.
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This thesis chose to simulate the time and cost for abandoning one single well. A reason
for this was to provide an indication of the P&A duration used per well with the different
approaches, as well as to present the cost differences and where the biggest savings could
be made during the operations. Raksagati (2012) modeled, simulated, and compared
the cost and duration of batch P&A operations and single well operations using vessel
technology on subsea wells. His study identified that increasing the number of wells in a
batch operation would reduce the P&A cost per well. To build a similar simulation model
could be interesting for this thesis as well, in order to investigate the effects on cost by
performing P&A activities in a multi-well batch campaign. Since platform wells often
have several well slots, it could also be relevant to estimate the potential savings in a
rigless P&A batch campaign. Instead, this thesis chose to focus on the capabilities of well
intervention equipment and the following savings this entail, with subject to the proviso
that the "batch P&A" topic could be brought up for discussion in a later stage. For
instance, as explained in section 4.2.1, the WellRaizer unit has the ability to skid between
several well slots. A batch P&A campaign on platform wells based on the Dream Well
approach and by using a hydraulic jacking technology can therefore be highly relevant
and effective in the future. Based on the simulation results provided by this thesis, it
is very likely that rigless P&A operations on multiple wells in a batch campaign will
be a cost-effective approach. This also corresponds to the information given in section
3.2, which proved a continuous improvement progress of operational duration for the
P&A batch campaign at Valhall DP due to a learning effect on the outcome and effective
technology. Compared with subsea fields with multiple wells, the advantage of doing a
P&A batch on platform wells with several slots is that it does not require any transit
time of technology between the wells. All the involved operational equipment will be on
board the platform and available for use on each well slot, which will thus improve both

the time and cost efficiency per well.
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9 Conclusion

9.1 Conclusive Summary

As the number of wells to be abandoned will increase in the forthcoming years, there will
be a great need and a high demand within the industry to develop cost-efficient, and
sustainable methods to perform P&A operations on wells. Throughout this thesis, three
case studies with different platform well abandonment approaches have been explored:
a rig-based approach, a rigless approach, and a combination of rig-based and rigless
approach. The rigless approach for platform P&A has been investigated and presented as
an alternative to the conventional rig-based P&A operation. By using data collected from
P&A operations at Valhall DP and Jotun B, as well as experience input from experts,
three Monte Carlo simulation models has been derived to forecast cost and duration of
a fictitious platform well. As a result, the simulation output has shown a significant
difference in cost and duration between the three P&A case studies. Relative to the

rig-based approach, a mean cost of 68.4 MNOK was saved using the rigless approach.

One main finding of this thesis is that it is technically possible for well intervention
equipment to perform a complete platform P&A operation in a reliable, cost-efficient, and
sustainable manner, for a large number of well designs. The rigless approach was found
to be very time-consuming compared to the rig-based approach, and phase 1 and 2 of
the general P&A procedure turned out to be the most complex, time-consuming, and
expensive part of the operational scope. This could indicate that an increased focus on
optimizing rigless technology within these phases can lead to even greater cost savings. It
is clear that removing and reducing the rig scope for P&A and investing time in developing
solutions and knowledge within the field of rigless P&A would be beneficial for both the

society and the industry in a cost perspective.

Even by only partially reducing the rig scope, as in case B, significant cost-savings were
made. The partly rigless approach reduced the rig scope by 19% and the mean total
cost by approximately 19.3 MNOK. Lastly, several factors which cause uncertainties and
fluctuations in time and cost can be neglected by removing and reducing the rig scope.

After analyzing the simulation results, one can conclude that well intervention equipment
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obviously defends the viability of rigless P&A, as it has the ability to do P&A at a

significantly lower cost than a rig.

9.2 Recommendation for Further Research

As a result of this thesis, some points of recommendations for future work can be conducted

in order to further improve time and cost efficiency of rigless P&A operations:

e This thesis has forecasted cost and duration for P&A of one single well. In reality, a
platform often has several well slots. Future research should investigate the potential
effects on cost and duration a rigless batch P&A campaign can provide. This way,
one can identify an even greater extent of possible cost reductions per well for P&A

operations.

e Hopefully, highlights from this thesis can contribute to further motivation and
drive for the development of rigless P&A on platforms. One of the main challenges
experienced when writing this thesis was to collect a sufficient amount of relevant data
and information. An increase in rigless performed activities using well intervention
equipment on the NCS will provide more available data, experience, and strength of
knowledge regarding risk and uncertainties. For further studies, a more complex
database can become valuable when forecasting and analyzing cost and duration for

rigless P&A, and reduce today’s operational percentile range.
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Figure A1.1: MINV - Development of forecasted daily rental cost
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Table A2.1: Cost input used for cost estimation in case studies.

Data provided by internal resources in Aker BP.
| | Daily Spread rate [MNOK] |

Wireline 0.50
WellRaizer 0.37
Jack-up Rig 4.99

BOP + HP riser 0.10

Drill pipe 0.10

Jacking system 0.10
Control cutter 0.46

Norse cutter 0.15

Rigless platform service rate 0.83
Equipment package 0.35
Pipe handling system 0.05
Tangible cost 0.05
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Figure A3.1: Well Schematic for Case Studies
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Table A4.1: Detailed analysis results for case A.

Name I Example Scenario (Hours) ]
[ Mean P10 PEO Pa0 |
Prepare well for P&A and cut tubing
Ewvents. Dwraticn | Project Risk | Sum | Duraticn | Project Risk |Swm | Duration | Project Risk | Sum | Duration |Project Risk | Sum
Drift run and caliper run 6.28 1,01 729 |5.23 0,84 6.07 |8.27 1.00 7.27 |7.79 1.25 9,03
Intagrity koaging 640 1.02 742 |549 0,88 6.36 |6.39 1.02 741|773 1.24 BaT
Kill well, bullhead cement 203 1.45 10.48 | 7.83 1.25 9.08 |9.02 1.44 10.45 | 10.18 1.63 11.81
Install deep set bridge pleg and test plug 14,08 225 16.31 11,68 1.87 13,53 | 14,03 224 16,28 | 16,37 2,62 18,29
Punch tubing above production packar 7.0 1,12 B.13 |6.61 1,06 T.BT |70 1.12 813 |7.39 1.18 858
Circulata heavy fluid {tubing+annulus) 226 0,36 263 |1.76 0,28 204 (226 0.36 262|274 044 318
‘Cut tubing abcve the production packer 601 0,96 627 |5.61 0,90 6.51 |8.01 0.95 697 |5,39 1.02 T.42
Displace annulus and tubing to kill fiuid/brine 3.53 0,56 4,00 2,53 0,40 2,93 |23.51 0.56 4,08 4,49 072 520
Install downhole safety vake protection skeeve a7e 1,56 11,34 8,53 1,37 9.00 9,78 1.56 11,32 |10.81 1.73 12,54
Place tubing hanger plug in production and annuius bore 17.15 2,74 19.90 1 16.20 2,59 18.80]17.14 2.74 19.88 |1B.14 2.90 21.08
Risks
MPT - WO 4,80 4,29 4,88 5,52
MPT - P&A rigk B.15 7.16 8,14 9,20
Pull vertical XMT and N/U BOP
Ewvents. Dwration | Project Risk | Sum | Duration | Project Risk | Swm | Duration | Project Risk |Sum | Duration | Project Risk | Sum
Pull vertical XMT to surface 15.54 2,49 18.02]14,14 2,26 18,40| 15,52 248 18,00 | 16,88 2,70 10,68
Install BOF 17.66 2,83 20491523 2,44 1766|1783 2,82 20,45 | 20,00 3.20 2320
Risks
NPT - WO 1,99 1.76 1.99 2.21
NPT - P&A rizk 3,32 2,04 3.3 369
Recover Production Tubing
Ewvents. Dwraticn | Project Risk | Sum | Duration | Project Risk |Swm | Duration | Project Risk | Sum | Duration | Project Risk | Sum
Pull tubing hanger and tubing 31,22 5,00 36,22 28,41 4,55 32,98 31,19 4,99 35,18|33892  |543 39,35
Rigks
NPT - WOwW 1.87 1.70 1.87 2.04
NPT - P&A risk 312 2.84 3.12 3.39
Cleancut and log 9 58" casing
Ewents. Duration | Projact Risk | Sum | Duration | Project Risk | Sum | Duration | Project Risk [Sum | Duration |Project Risk | Sum
Clean 2 5/8" casing 3267 5.23 37.90|28.01 4,16 3017|3259 5.21 37.80 |39.07 6.25 45,32
Log @ 5/8" casing 6,27 1,00 728 |5.38 0,86 6,24 |58,26 1,00 7,26 |7,58 1,21 8,79
Risks
NPT - WOw 234 1.88 233 2,80
NPT - P&A risk 3,89 3,14 3,88 4,66
Set reservoir plug inside 9 5/8" casing (seal 4]
Ewents Dwration | Projact Risk Project Risk |Swm | Duration | Project Risk |Sum | Duration |Project Risk [ Sum
Set 9 5/8" bridge plug 13.56 217 1.80 13.05|13,53 216 15,69 |15.78 252 18.20
Set primary cement plug inside 9 5/8° casing 17,94 zar 272 19,70 17,93 2,87 20,80 | 18,87 3.02 21,88
Wait on cement and test plug B.00 1,28 0,94 6.81 |7.97 1.28 9,24 |10,16 1.63 11,70
Set sacondary phug inside 9 5/8" casing 17.94 287 272 19,70 17,93 287 20,80 | 18,87 3.02 21,89
Wait on cement and test phug 8,00 1,28 0,94 6,81 7,97 1,28 9,24 110,16 1,63 11,789
Risks
NPT - Wow 303 342 2,02 4,43
NPT - P&A risk. 5.54 5.70 B8.53 7.38
Restore seal 3
Events. Duration | Project Risk |Sum | Duration | Project Risk | Sum | Duration | Project Risk |Sum | Duration | Project Risk | Sum
PWC - Primary plug 50.65 810 58,75 | 44,01 704 51,05 | 50,56 B.0O E£B,65 |57.93 9.27 &7.20
Wait on cemant and test cament plug B.OD 1.28 928 |5.87 0,94 6.81 |7.97 1.28 924 |10.16 1.63 11.79
PWC - Secondary plug 50.65 810 58,75 [44,01 704 51,05 50,56 B.09 58,65 |57.23 9.27 &7.20
Wait on cament and test plug 8,00 1,28 928 |5.87 0,94 6.81 7,97 1.28 9,24 |10,16 1.63 11,79
Risks
NPT - WO T.04 5.99 7.02 8.17
NPT - P&A risk 11.73 9.98 11,71 13,62
Cut 9 5/8" casing & cleanout and log 12 3/8" casing
Ewents. Dwration | Project Risk | Sum | Duration | Project Risk |Swm | Duration | Project Risk |Sum | Dwration ject Risk | Sum
Cut and pull 8 5/8° casing 29.38 4,70 34.08 | 24.38 3.90 282812931 4.60 34.01 |34.18 5.47 29,65
Cleancut 13 22" casing 10,97 1.76 12.73|8.55 1,37 9,92 (10,94 1.75 12,62 13,30 2.13 15.43
Log 13 3/8" casing 243 0,39 2,82 208 0,33 242 243 0,39 281 1294 0,47 3,41
5
NPT - WO 2,10 2,56 3,03
NPT - P&A risk 3,50 4,27 5,04
Restore seal 2
Ewvents. Sum_| Duration | Project Risk Projs Risk | Sum | Duration Sum
Ins:all 13 3/8" bridge plug 13.57 |9.73 1.87 13,54 | 13,59 15,77
Set primary cement plug inside 13 3/8" casing 20.81[18.08 2,87 20,80 | 18,67 21,80
Wit on cement and test plug 928 |5.87 1.28 9,24 |10,16 11,79
‘Set sacondary cement plug inside 13 3/8" casing 20.81(16.98 272 2.87 20.80|18.87 21.89
Wait on cement and test plug 928 |5.67 0,94 1.28 9,24 110,16 11,79
Risks
NPT - WOowW 3.82 3.33 3s1 4,30
NPT - P&A risk 6,36 5,54 6,35 7,16
Cut and pull 13 38" casing
Ewents. Cruration | Project Risk | Sum | Duraticn | Project Risk | Swum | Duration | Project Risk [Sum | Duration |Project Risk | Sum
Cut and pull 13 3/8° casing 40,81 5,53 47 35]131,85 510 38,95 140,70 6.51 47,21 4942 791 5733
Risks
NPT - Wow 245 1.0 2,44 2,97
NPT - P&A risk 4,08 3,19 4,07 4,94
Cleancut and log 20" casing
Ewvents. Dwration | Project Risk | Sum | Duration | Project Risk | Swm | Duration | Project Risk | Sum | Duration |Project Risk | Sum
Cleancut 20" casing 10,94 1,75 12,69 |8.83 1,41 10,24 | 10,91 1.75 12,66 12,97 2.08 15,05
Log 20" casing 0.38 0.06 045 |0.33 0.05 0.38 |0.38 0.06 0.44 |0.48 0.07 0.54
Risks
NPT - WO 0,68 0.55 0,68 0,81
NPT - P&A risk 1,13 0,02 1,13 1,34
Restore seal 1 - Install surface barrier
Events. Duraticn | Project Risk | Sum | Duration | Project Risk | Swm | Duration | Project Risk |Sum | Duration | Project Risk | Sum
Set 20" EZ5V T.12 1,14 B.26 |5.72 0,92 6.64 |7.10 1,14 8,24 897 1.44 10,41
Install envirenmental cement plug 687 1,10 TO7 |6.13 0,98 7.11 |&8.88 1.10 796 |7.58 1.21 e o
Wait on cament and test phug 8,00 1,28 928 |587 0,94 681 |797 1,28 924 11016 1,63 11,79
Risks
NPT - Wow 1,32 1.06 1.32 1,680
NPT - P&A risk 220 1.77 219 267
MNID BOP
Ewents. Dwration | Project Risk | Sum | Duration | Project Risk |Swm | Duration | Project Risk |Sum | Duration |Project Risk | Sum
M/D BOP 2,01 @,32 2,23 11,61 0,26 1,87 |2,01 0,32 2,33 12,39 0,38 2,78
Risks
NPT - WO 0,12 010 0,12 0,14
NPT - P&A risk 0.20 016 0.20 0.24
Cut casing and conductor
Ewents. Dwration | Projact Risk | Sum | Duration | Project Risk | Sum | Duration | Project Risk [Sum | Duration |Project Risk | Sum
Drill and pin conductor and casings 005 @01 007 |0.06 001 0,07 0,08 0.01 @07 0,08 0.01 0.07
Conduct cut 0,05 0,01 0,05 0,05 0,01 0,05 0,05 0,01 0,06 0,05 0,01 0,06
Risks
NPT - WOw 0o oo 0.01 0.01
NPT - P&A risk 0,01 0,01 0,01 0,01
Retrieve wellhead, surface casing and conductor
Ewents Dwration | Projact Risk | Sum | Duration | Project Risk | Swm | Duration | Project Risk [Sum | Duration |Project Risk | Sum
Retrieve W elhead and conductor casing 30,05 4,81 34,86 128,05 4,49 32,54 130,03 4,80 8313197 1512 37,09
Risks
NPT - Wow 1,80 1.68 1.80 1.92
NPT - P&A risk 3,01 281 3,00 3,20
Total (hours) 673.15 1 575.68 1 671,84 | 772,15 | 1
Total (days) 28,05 | 23,99 | 27,99 | 32,17 | |
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Table A5.1: Detailed analysis results for case B.

Name [ i (Hours) ]
[ Wean 10 P50 I FI0 1
|
wall for PEA and cut tulbing
Evenls Duration | Project Risk | Surm Duration | Project Risk | Sum Duration | Project Risk |Sum  |Duration |Project Risk | Sum
Drift run and caliper run 6.20 1.01 .20 5,23 B.07 6,26 1.00 2T 780 1,25 X
Inzegrity logging 5,40 1,02 a3 549 gar 638 1,02 740 |74 1,24 a5
Kill weil, bullhead cement 8,04 145 awas 783 o8 lom 144 045 [10,19 1,63 11,82
Inslal deep sel bridge piug and test plug 8,03 144 war 808 831 lam 144 RUET R ] 160 11.58
Punch tubing above production packer .01 112 -REI ] var [roo 112 812  |7.a0 1.18 a.58
Cincuiate heavy fluid (tubing+annulus) 227 0.36 263 1,76 2,05 226 0.36 2,62 2,75 044 3.1
Cut 1ubing above the produchon packer 15.88 2.54 1842 [13.48 1564 |1583 2.53 1836 |19.28 308 22,36
Displace annulus and bubing to kil fludibrine 477 0.78 553 (3@ 453 475 .76 551 |575 092 5,67
Instal downhole safety valve protecton sleeve 0,78 1.56 1134 8,54 soo  [o7E 1.58 11,32 |1082 1,73 12,55
Place tubing hanger plug in preduction and anrulus bore 18,51 264 1915|1503 Araa [1648 264 1811|1790 2,88 20,76
Risks
NPT - WOW 5,22 4,55 5,20 5,58
NPT - P&A risk B.70 .59 8,67 9,96
wertical XMT and M/U BOP
Events Duration ect Risk | Surm Duration ect Risk | Surm Duration ect Risk | Sum Duration | Project Risk | Sum
FUB vertical XMT 1o surface 12.06 .83 1289 (1006 |1.61 1166 (1202|182 1384|1398 224 16,22
Install BO#P 1767 2 B3 2050 15,23 244 1767|1763 2 B2 2045 |20,01 3,20 23,22
Risks 1 1 1
NPT - WOW 1,78 1,52 1,78 2,04
2,97 2,53 |2.96 3,40
Duration | Project Risk | Surn Duration | Project Risk Fﬂl’n Duration | Project Risk |Sum Duration |Project Risk | Sum
1,23 5,00 I3ﬁ.2,3 25,42 4,55 I3196 31,18 4,99 IBE 17 3,94 5,43 39,37
187 1,70 187 204
3,12 2,84 3,12 3,39
Duration |Project Risk | Sum Duration | Project Risk | Sum Duration | Project Risk |Sum Duration |Project Risk | Sum
2.0 5,23 ares (2608 [aas s01% [azsr |52t ar.ve |ae10 6,26 45,36
5,26 1,00 725 5,38 0.58 5,24 6,26 1,00 V.26 7.58 121 8,80
2.34 1.88 233 2,80
3,90 314 388 4 67
=eal 4]
Duration ect Risk Sum
Sel O 5/&" bridge plug 1357 27 18,31
Set primary cement phag inside 9 5/8° casing 17,85 287 21,89
Walt on cement and test plug 5,01 1.28 11,80
Set secondary plug inskde 9 5/5° casing 17.85 287 21,89
VWail on cement and lest plug B,01 1.28 11,80
Fisks
NPT - WOV 3.93
6.55
Duration | Project RIsk lzalrn Sum
FWE - Primary plug 5068 811 % Y 67,25
Walt on cement and test cement plug 782 1.25 11,60
PWIG - Secondary plug 5068  [8.11 57,25
Wail on cement and lest plug .01 1.28 11.80
Fisks
NPT - WO 7.03
NPT - PAA risk 1172
Duration ect Risk Sum
Cut and pull 8 SE- casing 2040|400 39,68
‘Cleanout 13 HE” casing 10,58 176 15,45
Log 13 38" casing 2,43 0,30 341
Fisks
NPT - WOV 287
NPT - PAA risk 4,26
1 1
Duration | Project Risk | Surm Sum
Instak 12 /8" bridge plug 11.71 1,67 1258 o974 1.56 1126 [1167 |16 1554 [13.60 218 15,78
Set primary cement plug inside 13 38" casing 1788|287 2082 [1588 |27z o0 |1res  |zer 2080 [1Bar |30z 21,89
Walt on cement and test plug B,01 1.28 o2y |sar 0,84 81 [voe 127 224|107 1,63 11,80
Sel secondary cerment plug inside 13 38" casing 17.85 287 20,62 |16,96 2.7z 1970 1793 287 2080|1847 302 21,89
VWail on cement and lest plug B.01 128 B2y Isar .84 681|796 127 a.24 1017 1,63 11,80
FRsks
NPT - WOW 3.82 3,33 381 4,30
NPT - FRA risk 5,365 |5.54 |6.3s 717
Cut and 3 3/B" casl
Evenls Durstion ect Risk [Surn Duration ect Risk [Surn Duration ect Risk [Sum Duration |Project Risk [Sum
‘Cut and pull 13 WE" casing A0.BE .54 14 739 |31.87 |50 Ias.sr ADEE _ [E.51 ATAE _|AGAT T 57,38
Risks
NPT - WOW 245 181 244 257
NPT - P&A risk 4,09 3,19 4,07 4,55
Cleansut and 20~ casil
Events Duration ect Risk | Sarm Duration ect Risk | Surm Duration ect Risk |Sum Duration |Project Risk | Sum
Cleanoul 20" casing 10,95 1.75 EEEE EEE] Tt 025 (10,97 1.75 1265 [1298 2,08 15,06
Log 20" casing 0,38 0,08 0,45 0,33 0,05 0,38 0,38 0,08 0,44 0,465 0,07 0,58
Rsks 1 1 I
NPT - W OW 0.6B 0,55 0,58 o.81
NPT - PAA risk 1,13 082 1,13 1,34
Restore seal 1 - Install surface barrier
Duration ect Risk | Sum Curation ect Risk | Sum Curation ect Risk [Sum Duration | Project Risk | Sum
Set 20" EZSV 13 1.14 B.2T 572 0.92 5.64 V1o 1.14 B.23 8,99 1,44 10,82
Install environmental cemant plug 587 1.90 var 613 .98 w11 686 1.0 796 |7.58 121 4,80
Wait on cerment and test plug B,01 1,28 oy |sar 0,04 B81  |7o6 1,27 924|107 1,63 11,80
1,32 1,06 1,32 1,60
2,20 1,77 2,19 287
Duration | Project Risk | Sum Duration | Project Risk | Sum Duration | Project Risk |Swmn Duration |Project Risk | Sum
2,01 0,32 233 161 0,26 1,87 2,00 0,32 2,32 2 40 038 278
0,12 0,10 0,12 0,14
0,20 |oas 0,20 0,24
Duration |Project Risk [Sum Duration |Project Risk | Sumn Duration ect Risk [Sum Duration |Project Risk [Sum
! 170,00 | 17,00 187,00 [170.00 | 17.00 187,00 [170.00 [17.00 I1B?.|)o 170,00 17,00 167,00
[
1 NFT - F&A risk 17,00 17,00 17,00 17,00
Cut easing and conductor
Events Duration ect Risk | Sarm Duration ect Risk | Surm DBuration ect Risk |Sum Duration |Project Risk | Sum
Dril and pin conducior 0,69 0,11 0B0 080 0,10 ECER B 0,11 0,79 |09 0,13 0,51
‘Cut casings and conductor 1752 280 20,33 1,30 261 1891 1750 280 20,30 1869 299 21,68
Rsks 1 1 I
NPT - WOW 1,00 1,01 1,00 117
NPT - P&A risk 1.82 1,69 1,82 155
Retrieve wellhead, surface casing and conductor
Events Duration ect Risk | Saurm Duration ect Risk | S Duration ect Risk_|Sum Duration |[Project Risk | Sum
Pull up and run landing siring 11,89 1.90 1379 11,27 1.80 1307 [11.88 1.80 1376 1241 1.99 14,39
Engage to wellhead and surface 11.75 1.88 1363 (1140|182 azzz (11,74 1.88 1362|1193 191 13,84
Full welhead to surface 4,07 0,65 472|380 0,61 441|407 0,65 4,72 437 0,70 5,07
Bore and pin below overshot 2,07 0,33 2,40 1,80 0.20 2,00 2,07 0.33 2,40 2,37 038 a7s
‘Cut, pin and lay down sections. 24,07 3.85 2roez (2380 .81 2rB1 2407 .85 armz |a243r 3,90 28,27
I Secure deck cpening 2,07 0,33 240|180 0,28 zon 207 .33 240|237 0,38 275
Rsks
NPT - WOV 3,36 53,23 3,35 3,47
NPT - P&A risk 5,58 5,39 5,59 5,78
Total {ours) 913,59 T I B12.53 1 I B11.54. I 017,24 I ]
Total 38,07 1 3388 1 3708 | 42,30 | 1
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Table A6.1:

Detailed analysis results for Dream Well.

e I Wan ] P50 1

Prepare well for PEA and cut tubing

Ewents Daration | Project Risk | Sum Dration | Progest Risk Dumation |Projoct Risk | Sum
Dl run and caliper run 5,25 1,01 730|524 0,E4 7.82 125 B.06
Irmegrity legping G,41 1,02 Tas  |sas 0,88 .76 1,24 201
Kill well, bullesd cament 3,04 1,45 1040 |7.E4 1,25 10,21 1,63 11,64
Install deep s&t bricge plug and test plug 03 1,45 10,48 |803 1.29 10,01 1,60 11,61
Purch tubing above production packer 7.0t 112 814 [661 1.06 7.40 1.18 B50
Circulate heavy fluid itubing +annuius) 2,27 0,36 253|177 0,28 275 044 218
St tubing above the production packsr 1580|254 1E24 |1350 |26 13,34 300 22,43
Displace annulus and tubing o kil fludbrine 277 76 5,54 am D83 577 0,92 LE
Install downhole salety vaive protection sleeve 9,78 1,57 11,35 |85 137 o83 (173 12,58
Place lubing hanger plug in procuction and arnulus bors 1651|2648 1315|1508 |24 ez |zaer 20,78

Risks.

NPT - WaOw 527 4 56 5,99
NPT - PRA risk 8,70 760 0,58
Rig up Claxton WellRaizer
Daration | Project Risk | Sum Duraiion | Progect Risk | Sum Dawration | Project Risk | Swm Dk Risk |Sum
Rig up Claton Vel Reizer 170,00 |27 20 167,20 | 170,00 | 27,20 197,20 | 170,00 | 27,20 167,20 170,00 |27,20 197 20

Risks
NPT - WOW 10,20 10,20 10,20 10,20
MET - PRA risk 17,00 17.00 17.00 17.00

Pull vertical XMT and MW BOP

Evenits. Druralion | Project Risk |Sum | Duration | Project Risk | Sum | Duralion | Project Risk | Sum | D uration | Progect Risk | Sum
Full varical XMT o surlace 1556  |24% 804 1215|226 AT 1552|248 18,00 [16,91 2,71 19,61
Instsl BOP 1766|283 20,51 |1525 |za4 17,63 |17.63  |282 2045 |2005 [3.21 23,26

Risks
MPT - WOW 1.9% 1.76 1.98 222
NPT - PAA risk 3,37 284 3,32 A.70

Foc Tubing

Evenits Cruralion | P Risk |Sum | Duration | Project Risk Duralion | Project Risk Sum
Full B B MU lEnGing Sirng 1188 | 1,90 13,80 [11,27 [1.80 11.88 | 1,90 4,40
Engage to wellhead 11,69 |1,90 1380 [11.27 |1.E0 11,68 1,90 14,40
RIH with tubing hanger retrieval tool & engage hubing hanger 1,75 0,28 2,03 1,85 0,26 1,78 0,28 215
Pull tubing hanger snd tubing 7263|1165 8440 |60.00 |90 7255 [11.60 103.55

Risks
NPT - WOW 590 5,05 5,68
NPT - P&A risk .54 BAR EX=H

Cleanout and log 9 S/B~ casing

Evenils. Duralion Pru]aﬂ Risk |Sum__| Dusation ject Risk |Sum | Duralion | Project sk | Sum
Cloan & 58° casing 55.84 [EF 5.0 65,22 [56.78 .58 G334
Log 9 S/E” casing 13,62 213 1580 [13.33 |23 1546|1362 (218 1578

Risks
NPT - WOW 241 4.8 2,40
MNET - F&A risk 7,35 5,87 734

Sat reservoir plug inside 8 578" casing (seal 4)

Evenils. Sum__| Duraition | Project Risk |Sum | Duralion | Project Risk | Sum
Install 9 S'8° Bridoe plug 2508 |Z3.07 X 26,76 2503 2,00 20,03
Sat primary reservoir plug inside 8 55" casing 3273 (2566 [4.11 29,77 |2B16  [45% 3267
Wak on coment and test plug war [1aza |2z 1532 1401 (224 16,26 y : L
Set secondery resenir plug inside © 5/8° casing 32,73 (2568 |41 20,77 |a8.16 |45 3287 [z:o7E (483 35,71
Wait on cerment and test phug 1827|1323 |24z 15,22 J14.81 224 1625|1480  |2.37 17,17

Risks.

NPT - WOwW G5 &850 T.09
MET - PRA risk 10,08 10,84 11,62

Restore seal 3.

Ewvents. Cruration | Projoct Risk |Sum Duration | Project Risk | Sum Druration | Projoct Risk | Swm Dration | Propact Risk | Sum)
Insiall O SIE” Gridge plug iT,46 |275 1881 |18.21 258 16,61 |i7.04 |2,74 15,86 |86 |2.81 21,07
Frimary internal cement plug 2822 |25 az7a [zsee |40 2977|2806 |25 azsr [aa7e (493 35,71
wWai on cerment and les! cement plug 1403|224 1827 [13z3  |zaz 1534 [1a01  |2.24 1625 |14B0 237 7T
Sacondary internal comant plug 26,06 |7.37 s3.27 |4265 7.4 5179|2602 |7.36 5338|4741 |vsa 54,68
Wai or cernent and test plug 1405|224 1627 |13.23 |22 15,34 J14.01  |3.24 1625 |14.60 |2.37 477

Risks
NET - WOW TAT 716 7.56
NPT - P&A risk 11,95 11,83 12,60

Cut 9 58" casing & and log 13 38" casing

Evenils. Duralice | P gect Risk |Sum | Duralion | Project Risk |Sum | D) Project Risk | Sam
Cut B 8/8° casing 1204 1,93 1.73 1258 2oz 1,92 13,94 1321 211 15,32
RIH wilh casing hanger retfieval iool and engage casing hanger 325 0.52 0.8 350 |a.zs @52 377 |3aT 0.55 405
Full & 5/8° casing a4 |1z88 088 vass |rese  [1zes a6 |esas 1202 0381
Cleancut 13 JE” casing 3,66 1,54 1.51 0,85 |9.65 1,54 11,20 o2 1,57 41,40
Log 13 38° casing 5,28 BBE D83 5,89 5,28 G- 6,12 540 0,86 26

Fisks
MNFT - WOwW G657 582 5% T8
MET - PRA risk 10,85 2,71 10,82 12,14

Restore seal 2

Ewvents. Dwration | Project Risk |Sum Duration | Project Risk |Sum Dwration | Projoct Risk | Swm Duration | Progact Risk |Sum
Install 13 376" Bricge plug 8,03 1,26 931  |7.23 116 B3E |8.01 1,28 0,23 |EE0 144 40,21
Frimary internal cement plig 2m22 |45t azya [#see |4 2a,77 |28 |25 azgr [sare (493 35,71
wWai or cerment and les| cement plug 1903|224 1627 [1323 |zaz 1534 [1a01  |2.24 1625 |1480 237 77
Secondary internal cement plug 28,22 £51 A273 |25.86 4,11 2977 2816 <51 A2ET |30ve 483 R
Wai on cernent and tes! cement plug 1405|224 1627|1323  |z42 15,34 J14.01  |2.24 16,25 |14,80 |2.37 17,47

Risks
NET - WOW 555 5,10 554 £.00
NPT - P&A risk 226 B.50 Ern 10,00

ND BOF

Evenils. Duralice | P Risk |Sum | Duration | Progect Risk |Sum | Duration | P Risk |Sum | Duration | Propect misk | Sam
N BOF 2,01 [EF] R 1.61 026 1.87 2,01 .32 2.3 Z.40 0,34 279

Risks.

NET - WOW 0,12 0.0 0,12 014
MET - PRA risk 0,20 0,16 0,20 0,24

Cut and pull 13 3/8" Casing

Ewvents. Caration | Project Risk [Sum Duration | Progect Risk | Sum Duration | P Risk |Sum Duration Risk |Sum
Cut 13 306 casing 1204 |1,20 1325|1084 |1.06 11,63 [1202 1,20 1322 [13.21 1, 14,53
Full 13 28" casing using W ellRsizer 1847 1,85 2032 16,03 180 TG 1Bz 1,84 2026|2108 2,11 23,20

Risks.

NPT - PRA risk 3,08 2,65 3,04 EEE]

Restors seal 1 - surface barrier

Evenits. Cruralicon | P Risk |Sum | Dusstion | Project Risk |Sum | Duralion | Project Risk | Sum | D onetion | Progect Risk | Sum
Instal 207 bridge plug 5,594 XY B B 0,50 G55 CEEY A% 6,68 6,20 101 Ll
Mix and pump cement 4,76 Q.76 552 452 0,72 524  |475 0.76 551 |a.89 0,60 570
Install environmertal cement plug 1,76 .28 2.0s 1.80 024 1.74 1,75 0,28 2,03 am naz 233
Wail o cerment .32 1.0t 7.33 |44z o 513 |6.28 1.01 723 |B33 1.33 566
Varify surface plug 331 0,53 3,82 81 DAz 3.03 3,30 0,53 382 3.99 0,64 463

Fisks.

NFT - Wow 1,33 1,12 1,32 1.5
MET - PRA fisk 2,21 1,67 2,20 2,56

Cut casing and conductor

Ewvents. Daration | Project Risk | Sum Duration | Project Risk |Sum | Duration |Project Risk | Swm Duration |Project Risk [Sum
Dirdll anc pin conductor 0,65 0,11 083|060 0,10 (068|058 GEE] 073 |09 013 EER
£t casings and conducion 17,63 2,80 2033 116,31 2.81 18,62 117,80 2,80 20,30 118,71 2,69 21,70

Frisks.

NET - oW 1.0% 181 1,08 147
MET - PRA fisk 1,82 1,69 1,82 1,85

Retrieve wellhead, surface casing and conductor

Ewents. Daration | Project Risk | Sum Duration | Progect Risk [Sum | Duration | Project Risk [ Swm Duration | Propect Risk |Sum
Pull up and run lancing sirng 1168 |1.80 1380 [11.27 |1.E0 *3,08 [11.88 1,90 1376 [12.41 184 14,40
Engage to wallhaac and conductor 11,76 1,88 13,63 [11,41 1.83 13,23 11,74 1,88 13,62 |11.83 191 RN
Pull welhead o suface 4,07 0,65 4,73 |3E0 O 4,41 |07 0,65 472  |4.38 0,70 506
Bara and pin below caersnct 2,07 LRk 241 1.80 029 2,09 2,07 033 240 z.38 0.2a 276
Cut, pin and by down seclions 2007 |3,85 zras [zaso et 27,61 |2a.07 (385 z7az |z438 (380 za,z8
Sacure deck openings. 2,07 3,33 241 1.80 0.29 2.09 2.0 0,33 240 238 0,38 276

Rigks.

NET - Wow 3,36 333 3,35 347

MET - PRA risk 550 5,39 550 579
Total (hours) 1183,56 | 1092,42 | 1181,58 | 1278,93 [ ]
Total (days) 49,31 | 45,52 | 43,23 | 53,29 | 1
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