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rock below an impermeable layer
of cap rock, which functions as a
seal. CO2 is prevented from mi-
grating to the surface by the cap
rock as well as other trapping
mechanisms—structural, residual, solubility, and min-
eral trapping—that affect how CO2 behaves in the sub-
surface. Among available reservoirs lor carbon storage,
deep saline formations and depleted oil and gas reser-
voirs offer the largest CO2 storage capacity.

Well decommission in depleted reservoirs has histori-
cally been a cost center for oil and gas businesses. The
decommissioning procedure is an expensive, complex,
multi-step process. In the UK Continental Shell (UKCS)
alone, it is forecast that 1,211 wells across 230 fields will
be decommissioned between 2019 and 2028. According to
North Sea Transition Authority’s 2021 Decommissioning
Cost Estimate report, current projected decommissioning
costs for the UK Continental Shelf (UKCS) total $60 bil-
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lion with eflorts underway to reduce that ligure to $51
billion by end 2022,

The prospect ol reusing these decommissioned wells
and fields for CO, injection provides an opportunity to
reduce the time and cost of developing new CCUS infra-
structure required by energy-mix diversification efforts.
It also presents operators with the possibility of turning
decommissioned wells into a profit center by selling CO,
storage capacity to others.

UKCS C0, storage

As part of the REX-CO, consortium, lkon Science collabo-
rated with the British Geological Survey (BGS) in the study
phases that evaluated potential for well reuse on the UKCS
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1 are displayed on a map view with
surrounding faults shown in red. Data
show that the reservoir is connected
and demonstrates good porosity and
permeability over a long distance.
Results of initial investigations on
reservoir pressure and seal fracture
strength—two key parameters that indi-
cate the geological suitability of the field
for CO, injection—confirm the presence
of sufficient vertical effective stress with-
in the reservoir for safe CO, containment.
The pressure-depth plot in Fig. 3
from the initial 44/26-1 exploration well

drilled in Bunter Closure 36 estimates
vertical effective stress and fracture pres-
sure of the reservoir. Predicted [racture
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in two case study areas: the saline aquifer of Bunter Closure
36 in Southern North Sea (SNS) basin and the Hamilton
depleted gas field in East Irish Sea basin.

Bunter Closure 36 is a large dome-like structure which
was targeted by an exploration well in the 1960s but found
to be dry or water-wet. In the 1980s, an exploration well was
again drilled through Bunter Closure 36 but this time it tar-
geted a reservoir in the much deeper Carboniferous-Aged
Coal Measures. This latter well led to the discovery of Schoo-
ner Gas field, and over the decades that followed numerous
production wells were drilled through Bunter Closure 36 to
produce gas from this deeper target. As a result, a high num-
ber of wells which penetrated through Bunter Closure 36 are
due for decommissioning in the coming years. These wells
were the focus of the project’s well-reuse investigation.

For the study, lkon used the RokDoc program to analyze
a selection of regional wells and those drilled through Bunter
Closure 36 to accurately evaluate the subsurface and verify
suitability of those wells for both reuse and CO, injection and
storage. As wells in the immediate vicinity of the Bunter Clo-
sure 36 case study lacked comprehensive pressure data mea-
surements such as repeat lormation tester (RFT) and modu-
lar formation dynamics tester (MDT) data due to targeting
of deeper Carboniferous-aged reservoirs, lkon’s SNS well da-
tabase was used to examine regional wells within the same
reservoir and fault block. Fig, 1 shows pressure data from
wells in the region around Bunter Closure 36 in the Silver Pit
basin area of the SNS.

This regional study enabled the team to determine that
depletion effects from producing fields, such as Esmond
Gas field, were minimal and that present-day pressure is
likely nearly hydrostatic, or potentially overpressured to
around 200 psi (Fig. 2). Overpressure data shown in Fig.

OQil & Gas Journal | May 2, 2022

pressures are compared with formation
limit test (LT) and fracture lclosure pres-
sure (FCP) derived from minifrac tests
from the 42/26-d3 well that tested the
Rotliegendes (Rot) Halite (LT) and Rot Shale (minifrac), both
seals, and the Bunter Sandstone reservoir (minifrac). LT and
fracture closure pressure (FCP) data are shown at their mea-
sured depths in well 42/26-d3. The dashed arrows point to
shallower depths of the respective formations in well 44/26-1.

The Rot Shale and Bunter sandstone FCP measurements
(extrapolated up to 44/26-1 lormation depths) are at higher
fracture pressures than predicted, indicating that the pre-
dictions are conservative. Salt LT is lower than estimated
by the log, but the nature of the test is to measure below
fracture pressure and so the widely applied fracture pres-
sure assumption in salt (fracture pressure = vertical stress)
is still valid.

The depth of Bunter Sandstone reservoir traps, includ-
ing Bunter Closure 36, is greater than 1,000 m. A depth of
1,000 m or greater than 1,000 m results in hydrostatic pres-
sure exceeding 100 bars (1,450 psi), ensuring that injected
CO, will be in its supercritical state at reservoir conditions.’
Injecting supercritical CO, stores greater volume within the
structure compared with CO, in other states.

In addition to the critical geological subsurface factors
noted above, the type of casing and cement in the wells also
strongly impacts reuse potential. Corrosion-susceptible
steel grades and certain types of cement may reduce a well’s
potential to be repurposed for CO, storage. Additionally, the
number of casing strings run through a formation—in this
case, the Bunter Sandstone—may require operators to per-
[orm extensive downhole operations such as side-tracking,
cutting and removing existing casing strings, milling casing
and cement, and perforating with large charges to access
the reservoir, Such activities could render a well economi-
cally impractical for reuse. Older wells at Bunter Closure
36, however, typically have fewer casing strings through the
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44/26-1 SEAL CAPACITY*
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Bunter Sandstone interval which may make them more eco-
nomically viable to repurpose.

Once wells have reuse potential, another factor to con-
sider is the specilic reuse that will be implemented. Wells
may be used for three distinct purposes during a CO, stor-
age operation: water extraction during CO, injection (for
pressure management), monitoring of CO, plume, or CO,
injection. Careful analysis of several factors determines the
most appropriate reuse application. For example, if the well
penetrates the reservoir close to the spill point it may prove
to be unsuitable for CO, injection because of the risk of
plume migrating beneath the spill point. In this instance,
reusing the well for CO, monitoring may be preferable.
Also, the siting of wells where CO, is injected can impact
migration of CO, through the reservoir. A short migration
route near the crest will limit opportunities for residual and
solubility trapping. Maintaining a delicate balance between
crest and spill point is crucial. Ideally, the well will be mid-
point between spill point and crest to allow CO, to migrate
towards the crest under buoyancy. [l
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