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9 Background

Assignment:

A report describing challenges and recommendations
for wells with shallow reservoirs (+/- 250 m below
seabed) in the Barents Sea shall be prepared.
Particularly in relation to horizontal injection and
production wells.

The following should be highlighted:

e Well integrity (barriers) for injection and
production wells.

e Challenges associated with fracture to the
seabed for injection wells.

e Challenges in relation to possible relief well
drilling.

¢° Methods of monitoring the overburden.
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ABSTRACT:

Some reservoirs in the Barents Sea are shallow and pose challenges related to robust well design
especially for horzontal injection and production wells. This report addresses these challenges and
potential mitigating options including well integrity, fracturing and rock stability, relief well drilling and
methods for monitoring of the overburden.
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9 Introduksjon

 The report describes the well design and

operational challenges with subsea | '_ JREES Tuy. A RRE
injection and production wells in shallow 1 e | WA 4 bk
reservoirs between 200 — 500 m |
underneath seabed in the Barents Sea. 4 {

e These Jurassic and Triassic reservoirs
were uplifted by significant glacial
erosion/uplift cycles which removed up
to 2000 m of strata.

Figure 1.2: Overview of well locations in Barents Sea (Source: PSA)

e There are several shallow oil and gas
discoveries, with the Wisting discovery
being the most appraised.
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Wells with shallow reservoir
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1 Model wells

e Well design models for horizontal
production and injection wells were
established for analysis and discussion of
challenges relating to well integrity.

* A potential leak path from the reservoir to
seabed is either caused by the breakdown
of well components or through fracturing
of the overburden formation.

* |njection wells give the highest pressure
loads on the well barriers and the
formation.
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Injection well — 9 5/8" set into reservoir
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Source: report
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Well integrity

e For the model well, the requirement of
having two well barriers as described in
NORSOK-D010 Well Integrity standard

can be fulfilled.

e The weakest well barrier element is the
in-situ formation.

e Pressure loads on formation can be
controlled by keeping the downhole
injection pressure safely below the

fracture pressure.
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Tahle 4 5:

In-sity Formation

Issues | comments

See discussion below.

Secondary well barmier elements - Alternative 1

Froduction casing
cement

Production casing set above the reservoir.
See discussion below

Froduction casing

More wear due to higher build angle /dog leg.
This can be estimated and mitigated in design
by increasing casing wall thickness.
Operationally, the use drll pipe wear
protectors can be an option.

Medium

Froduction casing

hanger Az per normal well Lo
Tuhing hanger As per normal well Low
Wellhead As per normal well Low
Subsea As per normal well Low

production tree

Well barrier figure
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Formation strength

e Analysis of leak-off data from Barents Sea
wells shows that the fracture pressures are .
higher than wells in the North Sea, possibly o L=
indicating that horizontal stresses are higher = « e A
than the vertical stress. 1 s o reon
€ o —— . e (orth s
 The consequence of this is that a fracture will -:f':.f..v-"" ....... Liner (Barents sea
preferentially propagate in a horizontal plane o Eee eiren
rather than upwards 0 !

Depth, m

 There are a considerable number of natural
fractures with variable hydraulic conductivity Figure 5.1: Fracture data normalized to seabed Source: report
which need to be avoided through careful
interpretation of seismic data before drilling
the well.
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i Leakage from well to sea

 |tis likely that leakage from the
reservoir can be detected by using
geophysical measurements, integrated
inversion and interpretation
techniques.

|t will be difficult to quantify the
amount of gas or fluid leaking through
the subsurface.
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Continuous seismic monitoring at a CO. storage site or hydrocarbon
reservoir. The shooting vessel is replaced by several permanent
sources at the seabed (red stars) or a single source hanging below the
platform (yellow star). For more details see Landrg et al. in Further

Source: report
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wale i in metres (Source: Staton)

e Multibeam and side scan sonar surveying are
useful techniques for detecting seepage of gas
bubbles in water columns which give strong
acoustic backscatter properties.

e This should not be mixed with leak detection
on the subsea well and piping systems. Here
are many techniques and systems that can be
used.

Source: report
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#¥ Blow-out and well killing with relief well

 Modelling of three possible relief well
trajectories was carried out. The conclusion is

that the vertical relief well is preferable as this g
may give the shortest time duration of the s S e ien:
blowout. ]
* Pre-magnetization of the casing in the model g .
well will reduce the number of sidetracks. gm; AR iy
I
E 65 20"x 13 3/8" 20"x 13 3/8"

e For a shallow reservoir, achieving the

X Top Resenvoir j& 9 5/8"

i

9 5/8" 8 1/2" Open Hole

Base Reservoir

hydrostatic and frictional pressure during a
dynamic kill can be challenging. Simulations
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ShOW that the mOdeI We” Can be ki”ed With a _I-‘125IJHIOHH125I‘H250HH3?5HH500HII625HH750IHI875IH1IOOEIJH1‘12;‘1I25[‘JII1‘3?£I3H1I5O[IJI
single relief well by pumping 50 — 60 BPM of e

1,25 SG kill mud. Additional pumping capacity

can be achieved through a kill spool
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@ Summary

 The requirement for well integrity with two well barriers can be fulfilled.
e Fracture will preferentially propagate in a horizontal plane.
e Vertical relief well is preferable to kill a horizontal well (model well).

 There are some systems that can detect potential leakage from well to sea.

 The Industry has increased experience and competence related to shallow
reservoirs. It is still early in development for offshore field solutions with shallow
reservoirs. It is still important that the Industry continues to develop robust
solutions.
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The report can be downloaded from: www.ptil.no

Thankyoufor your attention
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