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Abstract

Well plugging and abandonment (P&A) presents a very substantial challenge to oil and gas
operators, and this challenge will increase exponentially in the coming decades. P&A

operation cost the operators billions of dollars without any return in investment.

Every well needs a unique program to plug it, that depends on the construction design, type
of well and depth. Many challenges appear during the operation, as restricted access to the
desired depth due to the scale deposits, casing collapse and other obstruction. In Gyda field
many wells suffer from scale in the production tubing that required remedial operation to

remove the scale and get access in order to set the deepest plug and cut the tubing.

P&A is divided into three phases: phase | (wireline phase) where it is conducted from the
BOP deck to check well accessibility, cut the tubing and install a double well barrier to
remove XMT and install BOP. Phase 11 is conducted from the drill floor using the rig, where
the main and heavy operation is performed as pulling the production tubing and casing,
install cement plugs, perform PWC or formation test. Phase 111 (decommissioning phase) is

performed after phase I1, which is conducted by cut and remove conductor and wellhead.

To permanently plug and abandon a well, a cross sectional barrier must be formed. In some
wells, there is no cement behind the casing at the desired depth to install a barrier. In this case
annular barrier must be established to get a cross sectional barrier. This means heavy and

costly remedial operation is needed to establish the annular barrier as PWC or casing milling.

In some wells, logging showed good bonding between formation and casing above the
theoretical top of cement, and formation communication pressure test verified it, the only
justification behind that is the formation deformation where the formation moved toward the

annular space and seal it off.

To qualify a formation as an annular barrier, two conditions must be fulfilled, the formation
must have an enough strength to withstand the future reservoir pressure and the bonding
between casing and formation must provide a hydraulic isolation. In Gyda field, the lower

Hordaland formation (Creeping formation) was tested and qualified as an annular barrier.
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Nomenclatures

XMT - Christmas tree

P&A - Plug and abandonment

TTOC - Theoretical top of cement
NORSOK - Norsk Sokkels Konkurranseposisjon
LOT - Leak-Off Test

VDL - Variable Density Log

CBL - Cement Bond Log

NCS - Norwegian Continental Shelf
WBE - Well Barrier Element

XLOT - Extended Leak-Off Test

Fig. - Figure

FAB - Formation as Barrier

TTA - Tubing to annulus communication
RKB - Rotary Kelly Bushing

PP&A - Permanent plug and abandonment
TVD - True vertical depth

MD - Measured depth

PWC - Perforate, Wash and cement
EZSV - Halliburton Bridge plug

HUD - Hold Up Depth

CS - Creeping Shale

DHSV - Downhole Safety Valve

HSE - Health, safety, and Environment
IS - Isolation Scanner

BOP - Blow Out Preventer

OBM - Oil Based Mud

MPC - Mechanical pipe cutter

MFC - Multi Finger Caliper

KWV - Kill Wing Valve
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Objectives of this master thesis:

This master thesis focuses on the following issues:
General Objective

Thesis will give a general overview about Gyda field after approximately 30 years of
production. It will introduce P&A phases and describe procedures of each phase in details,

lighting some tools used during P&A operation.
Objective 1

To understand the challenges to perform P&A operation, describing phases and new

technologies and methods overcome.
Objective 2

To present the latest small-scale laboratory tests on creeping shale phenomena describing the
effect of temperature, stresses, and chemical solution in the annular space to stimulate the

formation to creep.
Objective 3

To explain the most thoughted mechanism of creeping formation and creeping process and

try to find a general model of creeping shale.
Objective 4

To present the verification procedure of creeping formation to be used as qualified annular

barrier using logging and pressure communication test.

Xl
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Chapter 1

1. Gyda field overview, procedure, challenges, solutions during P&A

1.1 Gyda field history

Gyda field is located 280 km southwest of Stavanger in the North Sea block 2/1. The field
started to produce in 1990, ten years after had been discovered in 1980. Talisman Energy
Norge took over operation ship from BP in 2003, then Repsol (acquired Talisman in 2014)

reaches an agreement with Talisman Energy to Acquire the Canadian company.

The Gyda field was planned with a water injection scheme, planned to start about a year into
the field's production. The injection wells were planned to be drilled from new slots. The first
production wells on Gyda came on with oil rates as expected or better than expected.
Unfortunately, the wells declined more rapidly than expected and two producers were
converted to injectors (A-3 and A-5).

The field was discovered by exploration well 2/1-3. This well is on the crest of the field.
Later, 5 appraisal wells were drilled to define the field boundaries. 2 of the appraisal wells
were drilled outside the field boundaries. 8 production wells were pre-drilled from Nov 1987
to July 1988, mainly targeting the crest (A-2 to A-8) and well A-1 to what is called the South-
West. First oil was from the well A-4 on June 21, 1990.[1]

The Gyda reservoir is Upper Jurassic shallow marine sandstone at a depth of 4000 m TVD.
The field consists of 32 wells and the oil was transported by pipeline to Teeside via Ekofisk,

while the gas is piped to the Ekofisk Complex and on to Emden.

Repsol has submitted the decommissioning plan to the Norwegian Authorities and got
approved in June 2017. The plan includes permanent plugging of 32 wells and the removal of

platform as well as the removal of installations on the seabed.
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Figure 1:Gyda Platform (Repsol)

License partner

* Repsol Norge AS (operator): 61%
* Ineos: 34%

* Kufpec: 5%

Figure 2: Gyda field location[2] (NPD)
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to be used as a well barrier in Gyda

1.2 Gyda Key Information

Table 1: Gyda key information (Repsol)

GYDA KEY INFORMATION

Well Slots: 32

Water Depth: 65.5 m MSL
RKB Elevation: 56 m

PLATFORM LOCATION:

Geographical Coordinates:
(ED50)

Latitude: 56° 54" 17.726" N
Longitude: 3° 05" 06.708" E

UTM Coordinates
(ED50, Zone 31N)

UTM (ED 1950/Zone 31°N)
6 306 946.90 mN
505 188.97 mE

GYDA Field
Gyda South Current Pressure: 238 bar
Gyda Main Current Pressure: 250 - 450 bar

Gyda Main Original Pressure:

600 bar — (virgin pressure)

Qil Specific Gravity (API)

40 - 45

Gyda South GOR (Sm3/Sm3) 507.8
Gyda South Bubble Point (bar) 3407
Gyda Main GOR (Sm3/5m3) 187
Gyda Main Bubble Point (bar) 221

H2S and CO2 content:

Co2 (1%-2%) , H2S (16 ppm-30 ppm)

Minimum temperature:

4 °C at sea bed

Maximum temperature:

158 °C -160°C at TD

1.2.1 Slot configuration and well status prior to permanent P&A

0000
Ol O

000
90000
000
OO

Gas storage Producing

O
O
O

Figure 3: Slot configuration before P&A campaign (Repsol)

Shut-in PROD

Shut-in IMJ O Temp-P&A
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On Gyda platform there is 32 well slots. Eight wells (from 1-8) are subsea tie back wells that
where pre-drilled prior to the arrival of Gyda platform. These wells were tied back to the
platform.

1.3 Geology description

Formation name
Aur
Seabed

i
4
2
=

.........

Nordland

Vade

Hordaland

Balder
Upper Sele
Forties
Lower Sele
Upper Lista
Vidar
Lower Lista
_Vale
Ekofisk
Tor
Hod
Blodoks
Hidra
Rodby
Sola

Tuxen

M::?/%EU'

Farsund

Tertiary

Rogaland

U Cret,
Shetland

L Cret.
C. Knoll

Tyne

Lower Mudstone

} Upper MDST
| Gyda SST |
5

Figure 4: Lithology column and formation name in Gyda field

1.3.1 Formation Description
a. Nordland
b. Hordaland
c. Rogaland
d. Shetland group
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e. Cromer Knoll Group

f. Tyne Group

Nordland Group: The upper part of the Nordland Group consists of clay/claystone with
interbedded loose sand beds and stringers. All the wells are interpreted do have frequent beds
of sand and/or coarser clastic sediments interbedded with clay from seabed and down to
approximately 350m MDRKB or 294m TVDSS. These depths represent the average depth
for the surface casing string. Further on the lithology is claystone with reduced frequency of
sandstone interbeds and sand- and silt stringers and/or traces/disseminated silt and sand
grains down to approximately 470m TVDSS, wherefrom present of sand is even more
reduced. From 1000m TVDSS only occasional thin siltstone and limestone stringers are
present. In some of the wells (2/1-A-5, 2/1-A-17, 2/1-A-20, 2/1-A-22, 2/1-A-23) sand or silt
beds have been interpreted to be present deeper than 1000m TVDSS. In the case of well 2/1-
A-17, a thin sand bed or stringer is present in the original wellbore but not seen in the
sidetrack 2/1-A-17 A, 80m away. These beds are thus thought to be isolated sand bodies with
limited influx potential.

No cores or sidewall cores have been taken in the Nordland Group. Permeability and porosity
values will therefore be an educated guess. However, the Nordland interval down to
approximately 1400mTVDSS is interpreted to be water wet with hydrostatic pressure which
gives no influx potential. Creeping formation, which might act as a barrier for upwards
migrating fluids, might be present based on drilling experience of tight hole, bit balling &
swelling and thyropterid clay in parts of this formation.

Hordaland Group: This group comprises a thick sedimentary sequence of about 1100m
TVD. In the production wells drilled by BP the change from the Nordland Group to the
Hordaland Group was not identified. Neither has there for most wells been conducted any
differentiation in formations within the Hordaland Group. However, the completion logs
from the most recent wells have identified the Vade formation, also called Oligocene
Sandstone Unit, and the Horde formation. The VVade formation is dividing the Hordaland
Group into an Upper and a Lower part. The Hordaland Group above and below the Vade
formation has in all wells been interpreted to consist mainly of claystone with stringers of
limestone and/or dolomite. However, wells 2/1-A-14 B and 2/1-A-17 have seen sand

stringers or beds in the Hordaland Group outside of VVade formation. In some wells the
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claystone is reported to be occasionally slightly silty, and in places traces of sand is

interpreted present. There is an increase in dolomitic limestone stringers with depth.

The Vade formation is estimated to be 50m thick in average and top Vade is at
approximately 2300m TVDSS where present. The formation has been identified with sand or
silt beds and stringers in 18 well slots. In the rest of the wells the presence of sand and silt in
this interval is uncertain. The assessment of the mobility inside Vade is also uncertain due to

poor quality of the available data.

The start of the pressure ramp, transition from hydrostatic to overpressure, is interpreted to be
at approximately 1400 m TVD, inside the Nordland Group, and the pressure is interpreted to
increase gradually through the Nordland and the Hordaland Group. The pore pressure inside
the Vade formation is uncertain. In the southern part of the Gyda field indications are that the
sand and siltstone stringers may be in communication with hydrostatically pressured
sandstone and siltstone beds to the east of the structure. Attempts of mapping the Vade
formation on the main structure have not been able to show such continuity towards east, and
since the pressure in the claystone above and below is higher than hydrostatic, the resulting

interpretation of pressure in the VVade sand and silt beds is uncertain.
The Hordaland Group is interpreted as being water wet.

The Hordaland Group is interpreted to have a very low or non-existing probability for influx.
Except for inside the sandy/silty VVade no zones with obvious permeability have been seen on
logs and there are no reports of differential sticking from excessive overbalance in the
Hordaland Formation. Some minor gas peaks experienced, including connection and trip gas,
are thought to come from gas trapped in formations with very low permeability and released
by the drilling process, most often because of unstable and tight hole. Creeping formations
acting as barriers to flow are most probably present in the Hordaland Group, especially in the
green claystone in the lower part. Several wells have experienced tight hole, bit balling,

swelling- and thyropterid clay in this part of the formation.

Rogaland Group: The Rogaland Group represents the Paleocene succession and contributes
with an average thickness of approximately 300m TVD. The subdivision into formations has
changed with time and operator. In early wells the formation package from Sele to top
Ekofisk was described as Ekofisk B formation. However, in some other wells the Lista, Vidar
and Vale comprised the Ekofisk B formation. Also, the mud loggers sometimes described

different formations and formation tops on the formation evaluation/pressure/gas logs

6
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compared to the operator’s completion log. In this assessment the subdivisions used are
Balder, Sele (including Forties), Lista (including Vidar, with upper Lista above and Lower

Lista below) and Vale formations.

Sele and Forties: These formations are sometimes lumped together and sometimes split into
separate formations. In some wellbores the Sele formation is described as overlaying the
Forties formation while in other wellbores the section is divided into Upper and Lower Sele
formation with Forties formation separating them. The Upper Sele formation consists of
massive claystone with traces of limestone/dolomite, most often interpreted as thin stringers.
In some wells traces of tuff are reported present in the upper part of the formation. In many
wells the clay is partly described as moderately to slightly silty. Sandstone beds are reported
to belong to Sele in some of the wellbores. The Forties formation is generally described as
Sandstone and/or Siltstone beds. The Lower Sele formation is described as a continuation of
Upper Sele. The thickness of Sele and Forties formation is on average 75 m TVD on the
Gyda field.

The Sele formation on the Gyda field has been interpreted to have a formation pressure in the
range of 1.50 to 1.55 sg EMW.

Mostly very low gas readings are experienced from this interval. The Siltstone and Sandstone

beds are interpreted to be water wet.

The Sele formation is considered to have a very low permeability, potentially being totally
tight, with a very low probability of influx. The Siltstone and Sandstone intervals are
described as moderately to well sorted. This would normally indicate a good permeability in
the Sandstone beds with a lower permeability in the Siltstone beds. No swelling tendencies

are described in this interval.

Shetland Group: The Shetland Group represents the Cretaceous succession and contributes
with an average thickness of approximately 540m TVD. It has been subdivided into Ekofisk,
Tor, Hod, Blodgks and Hidra formations. Formation pressure is interpreted to go from
approximately 1.51sg EMW at the top of the group and be reduced to approximately 1.45sg
EMW at the bottom of the group. No cores are available from the Shetland Group in the
Gyda field, but porosities are estimated to be around 10-20%. Petrophysical data from
Ekofisk and Tor is limited, with relative high spread and significant uncertainties. In situ

fractures in the limestone may contribute to permeability.
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Cromer Knoll Group: The Cromer Knoll Group represents the lower part of the Cretaceous
succession and contributes with an average thickness of 239m TVD. In the Gyda field it
consists of Radby, Sola, Tuxen and Asgard formations. Redby, Sola and Tuxen formations
have been grouped into one section as subdivision of this interval has only been described in
the newest wells. The formation pressure gradient in sg EMW is expected to increase in the
Cromer Knoll Group. According to the latest estimate the pressure gradient is by Talisman
interpreted to be between 1.48 and 1.55sg EMW. A couple of wells have indicated pressure
anomalies in the Asgard formation.

Tyne Group: The Tyne Group represents the upper Jurassic succession and contributes with
a general average thickness of 42m TVD before entering the Gyda Sandstone formation. The
group has been subdivided into the Mandal and Farsund formations before entering top
reservoir. The formation pressure in the Tyne Group is estimated to be approximately 1.59sg
EMW in the upper part. This group acts as a cap rock for the Gyda reservoir, and the
lowermost part of Farsund might be depleted due to production from the reservoir.[3]

Gyda C Sands:
Depletion
450 bar

Gyda South West:
Depletion
<400 bar

Gyda South:
Gas Cap Drive
(secondary)
215+ bar

Figure 5: Gyda top reservoir depth map illustrating the main compartments identified by pressure and production data
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1.4 Gyda Plug and abandonment concept

1.4.1 Abstract
Gyda has 32 wells which need to be permanently plugged and abandoned. NORSOK D-10
define the minimum requirements for P&A design. Two main inflow zones are identified for

Gyda that require isolation and they are:

e Hydrocarbon bearing zones:
o Gyda reservoir
o Farsund
o Lower Asgard (in 7 wells)
e Water bearing zones with flow potential:
o Sele/Forties/Lista

The following table shows which formation need to be isolated for every well where the risk

of inflow is categorized into 3 groups:

» Low risk of Inflow — no need to be isolated
» Moderate risk — require isolation

» High risk (Gyda formation and Farsund in well A-2) — must be isolated

Where risk of influx is defined by the combination of probability of influx and consequences

of influx. The table in next page shows risk of influx in Gyda wells per formation.[4]

1.4.2 Reservoir pressure
The following reservoir pressures have been provided by subsurface department as input to
be used in the P&A design:

e Gyda Main:589 bar @datum 4112m TVD RKB.
e Gyda South:325 bar @ datum 3984,5 m TVD RKB.
e Forties:435 bar @ datum 2916m TVD RKB.
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Table 2: Risk of Influx in Gyda wells per formation

Risk of Influx

Well

Sele Formation abowe sandy intervals
Farsund Frn. Upper Mudstone Mermber

Mordland Gp.
Desper Mordland Gp.
Lpper Haordaland Gp.
Yade Fm.

Lows er Hordaland Gp.
Balder Formation
Widar Frn.

Wale Frn.

Ekofisk.Fmn.

Tor Fm.

Hod Frin.

Blodpks Frin.

Hidra Fmn.

Rodby, Sola & Tusen Fr.
Upper Asgard Fro.
Lo er Asgard Frn
randal Fm.

Gyda Frn.

2/1-A-1
2/1-A-2 A
2/1-A-3
2/1-A-4
2/1-A5
2/1-A-6 A
2/1-A7 AT2
2/1-A-B A
2/1-A-9 A
2/1-4-10
2/1-A-11
2/1-A-12
2/1-A-13
21-A-14C
2/1-A-15
2/1-A-16B
2/1-A-17 A
21-A-18T2
2/1-A-19 A
2/1-5-20
Y1-A-21 T3
2/1-A-22 A
2/1-A-23
2/1-A-24 B
2/1-A-25 A
2/1-A-26
2/1-4-27 A
2/1-A-28
2/1-A-29
2/1-A-30 AT2
2/1-A-31 AT2
2/1-A-32D

Risk of influx- Low MP = Mot Present
Moderate ND = Not differentiated
__LE

10
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1.4.3  Number of barriers
References is made to NORSOK D-010 4.2.3.1 (function and number of well barriers) so the

following number of barriers should be in place[5]:

Table 3: NORSOK, 4.2.4.1 Function and number of well barriers

Minimum number Source of inflow
of well barriers

a)  Undesirable cross flow between formation zones

b)  Normally pressured formation with no hydrocarbon and no potential to
One well barrier flow to surface

c)  Abnormally pressured hydrocarbon formation with no potential to flow
to surface (e.g. tar formation without hydrocarbon vapour)

d)  Hydrocarbon bearing formations

Two well barriers P .
e)  Abnormally pressured formation with potential to flow to surface

According to NORSOK the well barrier should be designed with capability to:

e Withstand the maximum differential pressure and temperature it may become exposed
to (considering depletion or injection regimes in adjacent wells).

e Be pressure tested, function tested or verified by other methods.

e Ensure that no single failure of a well barrier or WBE can lead to uncontrolled flow of
wellbore fluids or gases to the external environment.

e Re-establish a lost well barrier or establish another alternative well barrier.

e operate competently and withstand the environment for which it may be exposed to
over time.

e Always determine the physical position/location and integrity status when such
monitoring is possible

e Be independent of each other and avoid having common WBEs to the extent

possible.

Despite of the ability to combine both forties and Gyda formation in one well barrier(in some
wells) located at the top of forties where we have a good cement or a creeping formation
behind the casing that could hold the maximum anticipated pressure in the future and
constitute a cross sectional barrier, the plan was to secure Gyda formation with a double
barrier and secure forties with another two barriers. That would exceed the minimum

requirements stated by NORSOK in the table above.

11
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1.4.4 Crossflow evaluation
In Gyda field two inflow zones need to be secured with two barriers which are forties and

main Gyda reservoir. Two main areas are distinguished on Gyda map:

e Gyda south: which has a reservoir pressure (325 bar) lower than forties (435) and in
this case the crossflow would be downward toward Gyda
e Gyda main: which has a reservoir pressure higher than forties and in this case the

follow would be upward.
The following conclusion has been made when evaluating if crossflow is undesirable:
1) It is acceptable for Forties water to flow down to Gyda reservoir (Gyda South Wells).
2) It is acceptable for Gyda water to flow up to Forties.
3) It is unacceptable for Gyda oil to flow up to Forties.
4) It is unacceptable for Forties water to flow up to Vade formation.

For all Gyda South wells, crossflow will go from Forties and down into the Gyda South
reservoir. This is regarded acceptable.

If enough fracture margin exists above Forties, only a double barrier above Forties is required
to secure wells. Repsol has decided to place double barriers above each inflow zone and that
is more than NORSOK- requirement.

For the Gyda Main wells, crossflow will go from reservoir and up to Forties. It is concluded
that crossflow of water from Gyda Main up to Forties is acceptable, but crossflow of oil is not

acceptable.

If there is enough fracture margin above Forties, only a single crossflow barrier is required
when crossflow is regarded as undesirable. In the event crossflow is acceptable, no crossflow
barrier is required. Main plugging strategy for these wells is still double barrier above

reservoir and double barrier above Forties. This adds robustness to the P&A design

1.45 Placement and depth of the barriers
The placement of the primary and secondary well barriers for both Forties and Gyda will

depend on two issues which are:

e Fracture margin: the formation must hold the maximum anticipated pressure

12
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e The presence of cross-sectional barrier whereas the annular barrier can be qualified

cement or formation.

If there is a presence of creeping formation, it would be logged, tested, and qualified as we

will see in the next chapter that deeper Hordaland formation was qualified as a barrier.

Fracture margin means that the formation fracture pressure is higher than the reservoir

pressure or the pressure from below, and that fracture margin should be positive to qualify the

formation to place the primary and secondary barrier.

Table 4: The function and the depth position for all type of barriers (NORSOK).

impermeable formation from

Name Function Depth position
Primary well To isolate a source of inflow, formation The base of the well barriers shall be
barrier with normal pressure or over-pressured/ | positioned at a depth were formation integrity

is higher than potential pressure below, see

contain environmentally harmful fluids.
The exposed formation can be over-
pressured with no source of inflow. No
hydrocarbons present.

surface/seabed. 4.2.3.6.7 Testing of formation.
Secondary well | Back-up to the primary well barrier, As above
barrier against a source of inflow
Crossflow well To prevent flow between formations As above
barrier (where crossflow is not acceptable).
May also function as primary well barrier
for the reservoir below.
Open hole to To permanently isolate flow conduits No depth requirement with respect to
surface well from exposed formation(s) to surface formation integrity
barrier after casing(s) are cut and retrieved and

1.4.6 Fracture Margin

Fracture margin is calculated as following:

FM =P frac — (P res - P hyd)

FM: fracture margin

P frac: formation fracture gradient defined by Schlumberger[6]

P res: Gyda pressure after repressuring

P hyd: Hydrostatic pressure column above the reservoir until the barrier, either oil or water

depends on the well.

13
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There are no regulations stating what the fracture margin should be and in Gyda field it has
been set 10 bars. Formation fracture gradient provided by Schlumberger are conservative,

based on actual LOTs.

1.4.7 Barrier verification
Both the annular barrier behind the casing and the cement barrier inside the casing must be
verified to create a cross sectional barrier or what is called a rock to rock barrier. Annular

barrier is being verified by logging and testing if necessary.

Annular cement is qualified as a barrier if interval length longer than 30m and bond bonding
quality described as moderate to high or better.

Internal cement plug verified by the following concept:

e An EZSV will be installed and pressure tested and will act as the base for the internal
barrier.

e After placing the cement, the top of the cement will be circulated out.

e The cement plugs will be tagged for the first 3 wells to confirm method and
equipment reliability.

To avoid tagging TOC of an internal cement plug, it needs to satisfy the cement job

performance matrix attached in Excel file.

1.5 Well configuration

The wells on Gyda are a mix of the ones drilled and completed by BP and the Talisman wells
drilled between 2003-2014. The category that most wells fall into has been named Standard
Wells. These wells were drilled from the platform, and the casing design typically consist of
a 27 conductor, a shallow 13-3 / 8” surface casing, a deep 9-5 / 8” intermediate casing, 7”
production liner and a 4- 1/2” liner across the reservoir. The early BP wells were often
completed with a seal stem and no ASV. Talisman wells have production packer and ASV
except from the injectors. Tubing is 5-1 /2 or 5” to below DHSV and crossed over to 4-1 /

2” from this point and down.

1.6 Gyda P&A phases
The P&A phases have been divided into 3 phases:

14
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1.6.1 Phase 1 (wireline phase)
This phase is performed from the BOP deck so it can be performed simultaneously with

phase 2 which is performed from drilling rig.
The main objective of phase 1 is to:

e Secure the well with 2 temporary barriers to remove the XMT and install the BOP
(phase 2)

e This phase also involves release the annulus safety valve (if present) and cut the
tubing

e Bull-heading (if possible) or circulate the HC to SW

The operational steps are:

Rig up wireline, perform drift run

Remove hydrocarbons by bull heading or circulating to seawater (if possible)
Run in hole and install deep set mechanical bridge plug at required depth
Pressure-test the mechanical plug

Cut the tubing above the packer or seal stem

Displace tubing and A-annulus to sea water

Release ASV (if present)

Set and test shallow tubing plug

Rig down Wireline

N/D XMT (Offline activity)

YV V.V V V V V V VYV V

15
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Well Barrier Diagram
9 Post Phase | P&A
Gyda 2/1-A-31 AT2
NOT TO SCALE
Field: Gyda
Well no.: 2/1-A-31 AT2
Wellhead sim Well type: Shut in Oil Producer
Validity: N/D XMAS Tree & N/U Driling BOP
Seabed —
eae 121.5m Revision: 2 October 2019
Prepared: @ystein Bsterhus
Shoe 322 mMD 27" =
1. In-situ formation 51
Scab liner 7" 1016 mMD < X
Shoe 1090 mMD 13-3/8" LOT; 1,86 SG 2. Casing cement 22
3. Casing 2
4. Deep Set Mechanical | Pressure testet to 150 bar with SW
plug
1. In-situ formation 51
2. Casing cement 22
TOL 3083 mMD 7" X X] 3. Casing 2
KOP 3142 mMD 9-5/8"
4. Shallow Set Pressure testet to 150 bar with SW
Mechanical plug
5. Tubing above plug 25
6. Tubing hanger 10

TOC 7" 5014 mMD

___Packer 5406 mMD

TOL 5444 mMD 4-1/2" TOC 4-1/2" 5444 mMD

Shoe 5502 mMD 7"

FG 1.9 SG

Shoe 6705 mMD 4-1/2" N

Figure 6: Well barrier diagram shows an example of wells post phase I, well A-31 (Repsol)
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1.6.2

Phase 2

This phase is performed through the rig. The main objectives of this phase are:

YV V V V

>

Pull the production tubing

Log the well

Permanently secure Gyda reservoir with primary and secondary barriers
Permanently secure the inflow zones in the overburden (forties) with primary and
secondary barriers

Establishment of the environmental plug

The operational steps are:

YV V.V V V V V V V V V V ¥V V V VY

Note:

Nipple up the BOP

Pump open shallow tubing plug

Retrieve the tubing

Perform scraper run and displace to weighted mud (if required)

Run Bond Log to verify annulus barrier

RIH, set and pressure test EZSV

Place primary and secondary reservoir barriers on top of EZSV (cement plugs)
RIH, set and pressure test EZSV

Place primary and secondary overburden barriers on top of EZSV

Cut and retrieve the 9 5/8” casing at + 280 m

Perform scraper run (Optional)

RIH, set and pressure test EZSV

Set 100 m environmental plug (surface plug) on top of EZSV

Ensure no remaining annuli pressures remains in the wells for phase 3 work.
Nipple down the BOP

Skid to next well

If distance between reservoir and forties barrier is less than 1500m, only an EZSV is

set and x-nr of 250m cement plugs are set on top.

17



Permanent plug and abandonment on Gyda field, challenges, solutions, and qualification of creeping formation

to be used as a well barrier in Gyda

Well Barrier Diagram
Gyda 2/1-A-25A

Phase Il P&A

NOT 7O SCALE

31m

Wellhead

Seabsd

TOC plug tagged @ 286 mMD | |
Shoe 328 mMD 27"

13 318~ cag perforated @
398.7-395.7m

Shos 1137 mMD 18&8“

Shoe 3081 mMD 13-3/8" ‘

TOL 441SmMD 7
Shoe 4473 mMD S-5/8~

Shoe 7114 mMD 7"

Seawater

3 38" x 18 58" annulus

Spartan plug @ 333 mMD
95/8" ceg cut @ 423 m

FIT; 1,80 $G

1 TOC 13-3/8" 2390 mMD

L FIT; 1,85 SG

TOC plugs @ 3402 mMD
TOC 3-5/8" @ 3886 MMD

EZSV @ 4402 MMD
Tubing cut @ 4418 mMD

AT, 1,90 $G

Deep set plug @ 6120 mMD
TOC 7" @ 6514 MMD

Prod. Packer @ 6843 mMD

o #1921 mTvVD

Fiekd: Gyda

Well no.: 211-A-25 A

Well type: Oil Producer

Validity: Post Phase || PRA

Revision: Final | February 2020
Prepared: Stian Johnsen Dybvik

S base frac srength 3t 20p of bamer:

1. In-situ formation 2,05 5q EMW.

e —r—r————

verited by SLB cament bond
Smssueiaﬁﬁm Exﬁo h.’ﬂsg

3.2 578" casing o
s Cemempiug Job Peﬂza.setmptessue‘.ested

SECONDARY BARRIER - RESERVOR

Sib base frac sirength at 1op of bamer:

1. In-shu formation 2,00 59 EMW.

BaITIEr 52 MSI0E QUAITIZG CEmen borg. |

£:950; g cemen Veried by SLE c2ment bond |

Pressure tested 10 400 bar with 1,70 59

3.9 575" casing T~
Job Performance. Set on prassure 1esed
4. Cement phg mechanical pug.

PRIMARY BARRIER ~ SELE/FORTIES /LISTA SANDS

S base frac s¥rength at 0p of bamer:

1. In-situ formation 1,94 5g EMW.

Barmer 52l NGIaE QUATTIE0 cemert bond |

Ak e L veritad by SLB cament bond J

Pressure tesied to 400 bar with 1,70 s

3.958" casing pirins
" Job P mance. Seton ure 1
£, Cement piug = en‘lga e S pressure tested

SECONDARY BARRIER ~ SELE/FORTIES/LISTA SANDS

S base frac sTengin at 10p of Damer:

1. In-situ formation 35350 EMW.

e e
Bamer set Inskie quaified cement bond

2.9 55\ Cag cegien vertag by SLB cement bond log

] s =
2.9 5/5" casing Pressure testied to 400 bar with 1,70 5g

OBM

Job Performance. Set wet in wet on top of
4. Cement plug 20n phig. P
OPEN HOLE TO SURFACE BARRIER

TOC repored 0 be at surface. Visual

1. 18 578" casing cement verfication.

SSUTE | 70 90 Dar With 1,99 50

2. 18 S/8" casing ol

13 38" csq perforatzd & cemant pumped

3. 13 38" casing cement In%o the 13 38" x 13 S/B" annulus. Verified

by job peformance.
—_
4.13 38" casing grg;sue 125020 0 200 bar with 1,55 59
‘Cement barmer sat on top Of Spanan piug
5. Cement plug pressure 12sted 10 100 bar. Tagged at 236

mMD RKS.

4 x 250 m cement bamiers set “wet In wet” from 2402 o 3402 mMD RKB
Logging results:

Sele [ Forties / Lista Sands Barmier

* 240 m Additional bamer formation (3930 — 3445m MD)

* 44 m AcaTonal bamer cement (3930 — 3836m MD)

+ 50 m Secondary bamier formation (3835 — 3786m MD

+ 50 m Primary barrier formation (3856 — 3935m MD)

Resenvolr Barmer
+ 14 m AcdTonal bamier cement (4305 — 4232m MD)
+ 30 m Secondary bamer cament (4372 — 4306m MD)

+ 30 m Primary barrier cement (4402 — 4372m MD)

Figure 7: Well barrier diagram post phase I, for example well A- 25 A
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1.6.3 Phase 3 (wellhead and conductor removal)

The conductor and the wellhead are cut and will be retrieved from below the seabed.

» Cut 13 3/8” casing and 27" conductor below mudline.

» Retrieve 13 3/8” x 27” casing/conductor (performed by Allseas Group SA)

1.7 Environmental barrier

The main difference between the plug and abandonment activities and other operational
activities like well construction in terms of well integrity is the environmental plug. While it
is enough to use 2 well barriers during any well activities, we must install a supplementary
plug to the previous 2 barriers which is the environmental barrier during the permanent plug

and abandonment (the green plug in the upper well schematic)[7].
The principal function of the environmental plug is:

> Disconnect the open annuli after the casings are cut and retrieved where the OBM and
slops left between the casing in B-annulus
> Prevent the slops and cutting which have been injected for many years in B-annulus

from exposure to the environment

The environmental plug should be placed above the shallowest sands in each well. These
sands range from 370 - 520 m TVD RKB.

1.8 Plug and abandonment challenges and solutions
In this section | will address one of the most challenging issues during the P&A campaign
which is the presence of scale. | will pick up one of the 32 wells in Gyda which was the most

challenging during the P&A phases. This is well 2/1-A-27 A, due to scale deposits.
What is scale?
Undesired mineral salt deposits on the inner wall of conduit, formation, or surface equipment.

Scale problems exist through the lifetime of the well. This can occur from the time fluids
begin to enter production well bore until the water is disposed of or injected into reservoir in

injection wells.

Scale deposits are detrimental because they restrict flow of oil or prevent installing different

oil tools in the well. Qilfield deposits can be classified into two general categories: organic
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and inorganic. Inorganic deposits are generally associated with water formed scales such as

calcium carbonate, calcium sulphate and barium sulphate.[8]

While organic deposits are usually soluble in oil or hydrocarbon-based solvents such as
xylene, toluene, kerosene, etc. Many wells in Gyda suffer from scale and the worst case were
observed in wells A-10 and A-27

1.8.1 A-27A well- Completion Schematic, Status and Sketch

Pape:
Gyda Existing 7 S L —t
2/1-A-27 A (Main Wellbore) Gyda Well 2/1-A-27 A ez 2007 | Aol
Version: Revason: | Prep. By
to0 19422007 1.00 [SKJELLEVOLL
og: Bt Lot Upsan
Gyda | Oil Producer 03.09.2014 08:14:32
Commems:
Heavily scaled up. HUD = 608m (2" sample bailer) _ = = = = .
Symbol Symbol MD Top Angle TVD Top Length Min Max  Description Comments
Extra [RKB} [RXE] D oD
Info im  [Deg) m] imi| [nchj linch}
31140 00 31140 0360 4800 13.300 Tubing Hanger.13 58" x 5 112" - 3F-3T
31.500 a0 31.500 1550 4778 €100 Pug Anti Galvaric, § 1)2° 208 25Cr.128 VTHC PP
33050 00 33050 3050 4715 6071 Pup, §1/2° 202 13Cr-80 VIHC
38100 00 35100 2043 4715 6071 Pup, §1/2" 208 13Cx-80 VIHC
38143 00 28143 1108 4715 6071 Pup, S 1/2° 202 13Cr-80 VTHC
39251 00 39251 S03215 4715  6.071 Tubing 5 1/2" 20# 13Cr-80 VTHC
542466 81  541.408 3000 4715 €071 Pup, S 1/2° 208 13Cr-80 VTHC
Cortot e e e ye s Tram SAB.466 84 544373 1730 4562 B.187 DHSV-7.5K. 55 TRAL4P, 4.55° profie
547196 85  548.084 1860 4715 6.071 Pup, S 1,27 208 13Cc-80 VTHC
545056 a6 547,523 26188 4718 €073 Tubing. & 1/2° 20# 13Cr-80 VTHC
575226 106 573TZ2 21910 4715 6071 Pup, § 1727 208 13CASSVM110 VTHC
" s7TT338 10T sTaTSe DOS0 4695 8260 3 12 Spikw sub
577.885 107  576.445 0660 4715 8071 Pup, 512" 208 13C-SSVM0 VTHC
578 655 108 577.053 5140 4685 B.245 9 58" x 5 12" Anraiar Safety valve. AV2
Coreaol Lne: 202" sasl i 0G5 TT400
583,798 1.0 582.140 0950 4715 60717 Pup, 5 12" 202 13CrSSVM110 VTHC
584755 1.1 583.062 0910 4715 6071 Pup, 512" 208 13CISSYMI10 VTHC
585685 112 583875 1230 4625 8258 Communicaton sub
s86895 113 585181 0650 4715 6071 Pup, S 172" 208 13CASSVMI10 VTHC
587.545 1.3 585.819 0660 4685  B.260 5 1,2 Spiice sub
588205 1na 585 465 1570 4715 6.071 Pup, 5 1/2° 202 13CrSSVM1I10 VTHC
$89.775 114 583005 13082 4715 6071 Tubing 512" 20# 13Cr-80 VTHC
£02857 122 £00.809 5030 4715 6071 Pup, § 1/2° 208 13Cr80 VTHC
€07.857 125 605722 0950 3913 6071 Xover 5 127 20¥0x x4 1/2° 12.6# pin VTHC
£08.837 125  806.850 4050 3958  4.937 PUPJT.4 1/2° 1268 13C-80 VTHC

612837 127 10602 937834 3876 4,937 Tubing 4 1/2" 1262 13Cr-80 VTHC

1550.721 230 1464.351 3850 3958 4937 PUP JT, 4 1)2" 12 6#& 13Ce-80 VTHC

1853871 23 1467 802 2800 3858 7.250 GL Mandrel- MMRG, 1,5" pocket 4 1/2° 12,682 VTHC
185¢ 371 o530 1500 15" R Ive - 16764

1857.371 23.2 1470.463 2030 3958 4937 PUP JT, 4 1/2" 1288 13C-80 VTHC

1559 401 233 1472334 1183000 3876 4937 Tubing. 4 1/2° 12.62 13Cr-80 VTHC

2742.40% 21.7 2561655 4030 3958 4.937 PUP JT. 4 12" 126& 13Cr-80 VTHC
2748431 21.7 2585400 2800 3858 7.250 GL Mandrel- MMRG, 1.5" pocket 4 1/2° 12,68 VTHC

48421 a0 1300 1.3°02-30 R Ovifice Visve 1024" onfice
2748.251 21.7 2588.003 2020 3958 4.937 PUP JT, 4 1/2" 12.6& 13C-80 VTHC

2751251 21.7 2569880 731219 32876 4937 Tubing 4 12" 12.62 13Cr-80 VTHC

Covewt 3719000 - 390000

3432470 228 3248233 4050 3958 4.937 PUP JT, 4 1/2° 126# 13Cr-80 VTHC
3458 520 229 3251865 2800 3855 7.250 GL Mandrel- MMRG, 1,5" pocket 4 1/2° 12,68 VTHC
3486520 o200 1500 Dumwry, 1.5° BD
s o ceoioo aeeresy J80.320 220 3254.545 2080 3958  4.937 PUP JT.4 1/2° 12,68 13Cr-80 VTHC
Comment: JA0.000 + 4455008 3491330 229 3256443 634121 38786 4937 Tubing 4 12" 12.62 13Cr-80 VTHC
4185.501 19.4 3897062 7640 3958 4937 PUP JT, 4 1/2° 126# 13C-80 VTHC
4193.141 19.2 3804270 1.200 3833 5938 Gauge, Roxar - single gauge 4 1/27
Cortac Linec G-drm 14733 COSTWT-225 b FEP
4194.341 19.2  3805.403 4040 3958 4.937 PUP JT, 4 1/2" 12.6& 13C-80 VTHC
4198331 19.1 3809.220 36404 3876 4937 Tubing. 4 1/2° 12.62 13Cr-80 VTHC
4234785 180 3843732 4380 39%8 4937 PUP JT, 4 /2" 1268 13Cr-80 VTHC
42391685 17.9 3947.899 2150 3855 S.906 Packer, Fremier Size 591-387 for 7" 29-32# casing
4241315 178 3849948 4080 3958 4937 PUP JT. 4 1/2° 1268 13Cr-80 VTHC

4245.375 17.7  3863.812 21.53% 3958 4.937 Tubing. 4 1/2° 12.68 P110VTHC

Compietion Stnng Design by Complelon Services as
n —
- . ————— ~—]
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Gyda
211-A-27 A (Main Wellbore)
Verskon: [ Tub st Date:
1.00 119.12.2007
oy B!
Gyda  |OilProducer
Symbol Symbal MDTop Angle
Exira [RKE)
Info (m)  [Degi
27094 172
4212494 110
4276540 170
4280124 168

Port 420 000 - 4242 000

Coaang 7 2500 400 - 4424 000
4400 520
0 442000

I”{

Page:

Existing 2/4 -:
Opr Finish Date:
100 SKJELLEVOLL
Lt Upsae.
o B - 03.09.2014081432
™WDTop  length Mn Max Description Comments
[RE) D oD
] {m)| [nch)  finch}
w8227 1530 3958 5870 Glassplugy, TOP 4 122" 12,64 VTHC box x pin
3079 689 4050 39% 4937 PUPJT 412" 1262 13Cr80 VTHC
3063.561 3560 3958  4.937 PUPJT.41/2" 1260 13C80 VTHC
3505 505 0300 3856 4920 4 1/2° 1268 Half Muleshce

Figure 8: Completion schematic before P&A for well A-27A (Repsol)

1.8.2 A-27A status

Here is the status of the well before starting the P&A activities:

Table 5: well status for A-27A before P&A campaign

Well Type Gas lifted oil producer
Well Depth 4408 m MD /4119 m TVD
Reservoir Pressure 322 bar (EMW = 0.80 SG)
Reservoir Temperature 147 °C

Estimated SIWHP 13 bar

9-5/8" Csg Shoe 3592 m MD

Max. deviation 34° @ 1030 mMD

Top of 4-'2" Reservoir Liner 3528 m MD

4-4" Liner Shoe 4451 m MD

HUD Nothing reported

Top Perforation 4339 mMD /4037 mTVD
Minimum ID 1.858"@ 609 mMD (scale below x-over)
Tubing fluid Gas/oil/water

Annulus fluid 1.03 SG treated seawater
Annulus pressure 139 bar

Comments to XMT valve status NA

Tree cap size 9"

Number of turns to operate swab 27 1/2 turns

RKB - SV depth 26.84 m

Injectivity

10-20 Sm?/d/bar
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1.8.3 Well data

General; - Year drilled; 1992
- Current completion installed; 2007

- Type; Producer

Completion; - Size; 5-1/2” x 4-1/2”, x-over @ 608 m MD

- Threads; VTHC

- Min ID; 3.833” @ 4193 mMD (Roxar Gauge)
- Max inclination; 34® @ 1030 m MD

- Tubing hanger; Kvaerner 13-5/8” x 5-1/2”

- DHSV; Schlumberger TRM-4P @ 545 m MD
- Packer; Baker Premier packer @ 4239 m MD
- DHPG,; Roxar single gauge @ 4193 m MD

Intervention; - HUD/OD/year; 1.75” / 4280 m MD / 2017

- Caliper min ID / year; 1.889” at 610 m / 2017
(Logged interval 31-605 m. 2.922” @ 587 m / 2013)

- Debris; Heavily scaled up

- Latest intervention; Diagnostics campaign 2017

- Plug/gauge-hanger/insert/fish depth; NA

Integrity; - Green/yellow/red; Green
- Tubing to annulus communication; NA
- Annulus to annulus communication; NA
- DHSV, CTRL status; ok

Reservoir;

- Top perf; 4339 m MD / 4043 m TVD

- Reservoir pressure; 322 bar at 4280 m (wireline 2017)

- Temperature at gauge; 153®C (152C at 4280 m wireline
2017)

- Injectivity; See scale squeeze in 2011

- PI; 10-20 Sm3/d/bar

- Scale squeezed / or injection rate and pressure; 214 m3/ 3
bpm in 2011
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1.8.4 Completion Sketch before P&A

Well name; 2/1-A-27A
Platform drilled
Year drilled; 1992

Vade

Lower Hordaland

Year sidetracked; 2007
Om
RKB
31m
—
65,5
MSL  mmmmmmmmm— . m
121,5m
Seabed
SHOE 309 mMD 309 mTVD
N
ASV 579 m MD 577 mTVD %0&:
RN
8
[
-
N
RY
. -
SHOE/KOP 1031 mMD 992 mTVD 13-3/8" N N\ LOT; 1.85G
Upper Hordaland 1934 - 2555 mMD

2554,7 - 2600,2 mMD

2600,2 - 3122,7 mMD

Sele/Forti g ¥ i110031926-3289,2mMD/ 2979,6 TOC9-5/8"  3199mMD 2986 mTVD
ele/Forties ' - 3069,5 mTVD
\:\ §§ —————
Lista N IQ 3289,2 - 3308,5 mMD
ToL7" h R
X D TOC7" 3691mMD 3439 mTVD
s\ N \\\;\\
g SR \f
SHOE 9-5/8" Eko/Tor 3502 mMD