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Detailed manual logging of
reservoir cores
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A research and development company focusing
on the environment

Borehole Data

Outcrop Data
Overview of the stratigraphy penetrated by the Longyearbyen CO2
project drilling campaign in Adventdalen, Spitsbergen in the context
of the regional stratigraphic column of Svalbard. Boreholes DH1 and
Dh3 experienced technical difficulties during drilling and were completed in the highly fractured décollement zone in the Janusfjellet
Subgroup. The Dh2 borehole has cored the upper part of the target
interval, while the Dh4 borehole penetrates nearly the whole reservoir interval.

Reservoir modeling

Outcrop data were collected in the Deltaneset-Diabasodden area, about 14 km northward
from the drill site, where the reservoir section crops out. Measurements on fractures’ orientation and frequency have been collected in different lithologies within a stratigraphic
interval correlated with the Longyearbyen reservoir.”

Televiewer fracture orientations Stereogram of mapped
fractures in Dh4 (440-700m),
N= 284
NB! only the uppermost 30 m
of the reservoir covered

Decompaction and drilling-induced fractures excluded in detailed core analysis. Structural discontinuities
• character of surfaces
classified in “Open” vs “Closed” on the basis of:
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• continuity through cores
• infilling material
• geometric attitude

Open Fractures
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Representation of the near-well facies-based layer-cake
reservoir model for Dh4.
• Defined facies for the reservoir model.
• Facies-derived permeability for the layer-cake model.

The targeted lower aquifer is a siliciclastic succession belonging to the Upper Triassic to Middle Jurassic Kapp Toscana Group. It comprises the De Geerdalen Formation and the overlying Knorringfjellet
Formation of the Wilhelmøya Subgroup. The 270 m thick drilled section of the De Geerdalen Formation includes shales, siltstones and sandstones deposited in a near shore, paralic (lagoonal to delta plain)
environment with a net sandstone approximate 30% (N/G ≈ 0.3). Most paleogeographic reconstructions suggest a north-westward prograding deltaic system. The overlying 20m thick Norian to Bathonian
Knorringfjellet Formation is interpreted as condensed siliciclastic unit (i.e.remanié), probably coastal reworking of the deltaic sediments. The Upper Triassic-Middle Jurassic target aquifer of the Kapp Tos-

Summary of the fracture intensity in the Dh4 drill cores. These are
used as input parameters to the reservoir model.

Pressure Tests
The 2012 - 2013 CO2 –project test program is a continuation of the well test program and the activities that have been performed in DH4 in 2010.
The goals of the 2011 test program was to verify the strength and sealing qualities of formations just below the permafrost zone and down to

Synthesis of open fractures as identified in the drill cores of Dh4. Based on a manual
fracture count, 870 individual fractures are identified in the target aquifer between 670
and 970m. Open fractures are considered as primary fluid flow pathways in the tight formation. Initial analysis
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Above:
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Low matrix porosity
Very low to unmeasurable matrix permeability
A net-to-gross of ≈ 0.3
Good lateral sand connectivity (tidal, barrier sands)
Open-system (no structural traps)
Underpressured
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Left: Wireline logs and fracture
measurements for the target
reservoir interval in the upper
part of the De Geerdalen Formation and the Knorringfjellet
Formation, as cored by Dh4. The
wireline tools record the Gamma
Ray, Resistivity and Temperature. Major changes in the resistivity and calculated geothermal
gradient logs generally line up
with heavily fractured intervals,
suggesting enhanced fluid flow.

GR = Gamma Ray, Res = Resistivity, Temp = Temperature
(°C), TV int = Televiewer intensity, f/m = number of fractures per meter.
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Below : Plot indicating a a predominance of fractures within finergrained intervals. Furthermore, low angled fractures with dip angles < 30° are most frequent.

N tot. = 872

Core Data

cana Group exemplifies several characteristics:
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Photo-based fracture counts from cores depth/lithology vs
dip angle,NB! Decompaction and drilling-induced fractures
counted
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The Reservoir
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Dominance of horizontal fractures in
statistics due to
low-angle thrust fault zones bounding the reservoir

Two reservoir models are being constructed. A near-well 1*1km
model is designed to utilise the extensive well information to predict the short-term behaviour of injected fluids (water at present,
CO2 in the future). A layer-cake model is defined on the basis of 21
facies identified in the drill cores of Dh4. Probable ranges of porosity and permeability are assigned to these facies, using drill plug
measurements where possible. Furthermore, a regional 20*20km
model is constructed to predict the long-term fate of injected fluids. This model, illustrated by Figure 14, highlights the open nature
of the reservoir to the north-east and is also suitable to model the
igneous intrusions.

Map - Polar institute

“The closed discontinuities are represented by thin features (hairline structures and
veins) “sealed” by fine-grained material
(e.g. clay) or minerals (e.g. calcite). These
structures do not break the core integrity and are considered as non-permeable
in terms of fluid flow through and along
them.”
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Outcrops and Fractures

Close Discontinuities

Figure below is the rig-up schematic that was used for the equipment

Step Rate Tests

The pumping equipment was located about 10 meters beside the well DH6 and the drilling rig. By this set-up any interference with the drilling operation was minimized.
All diesel driven equipment as the pump, air compressor and generators was located north of DH6, just beside DH4. It was also important to give easy access for the tank
truck and the water supply.

The first test of the program was decided to be a step rate test of the sandstone formation at 190 meter. The scope of this step-rate test was to get initial information about the sandstone formation properties before it was fractured.
The following steps were planned for the step rate test: 30, 50, 80, 140 and 200 l/min. Maximum pressure was set to 100 bar so if we reached this pressure before we had went through all the steps the test would be halted at the rate equivalent to 100 bar.
The duration for each step was 1 hour. When finalizing the last step the well was planned to be shut-in for observation in 10 hours (2 x injection time).

Fracturing Test

430 m. There were drilled two shallow wells DH5 and DH6 during August and September 2011. DH5 was drilled to 182 m and was only an observa-

Testing started with a water injection step-rate experiment to identify the initial formation properties, followed by a high-rate water injection (LOT) to fracture the formation with the aim to find the fracture pressure. Based on the step-rate test it was
clear that the permeability was better than expected. Accordingly, to fracture the formation it would require high flow rates to achieve sufficient pressure. Based on the experience from previous tests, maximum flow rate would be 1000 l/min due to
restriction in the used 2” water lines. There was also a question about how much water supply was available from the storage tank (capacity of liter/min). The storage tank had only natural gravity feed to the pump. A quick test by pumping back to the
storage tank showed us that it would be complicated to get more than 1000 l/min without the pump sucking air. The plan was to pump for 15 minutes after the fracture was observed. Prior to the test we lined up both of the available tank-trucks which
had totally 25 m3 of water. Together with the volume in the storage tank we could pump for about 30 minutes with a rate of 1000 l/min before depleting the storage. After the fracture test the plan was to shut in the well for 1 hour, to study the relaxation
of the pressure in the well.

tion well to identify eventually downhole communication with the test well DH6.
Solely purposes for these wells are to test the underground sealing properties to verify that captured and injected CO2 can not leak or migrate
to surface.There were communicated 3 main goals for the test in September 2011:
• Determine fracturing pressure
• Verify good sealing properties

12- Hours Injection Test

• Identify injection rate/capacity of the sandstone formation at 180-190m

The purpose of the 12 hours injection test was to verify the injection rate/ permeability of the formation after the fracturing test. This test was based on the experience we had from the 12 hours injection test in DH4 in 2010. The rate of 500 l/min and the
procedure was to some extend copied from the 2010 procedure.

Fracturing Test – 309 m
After the test program was finalized for the sandstone formation at 190 m the well was drilled down to 300 m where a NQ string was installed and cemented. After 48
hours to set-up the cement, the cement was drilled down to just above the end of the NQ string and pressure tested to 125 bar. The cement was solid and there was no
pressure drop. Then 9 meter was drilled below the NQ string into fresh formation. The unit here a non-permeable shale formation. This formation is one of the formations
that will have sealing properties toward the CO2 reservoir. Therefore it was important to verify if it will seal and the strength of this specific formation.
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DH6 Test Well
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Three different formations were of interest in the 2011 test
program. To be able to isolate each formation different string
sizes had to be installed and cemented in place. The primary
function of the cement is to isolate outside of the respective
string and avoid any communication between different zones
through the wellbore. The small drill hole size in DH6 is a challenge and will be a restriction for potential tools and future activities. In 2012, the option to deepening the well into a 700 m
deep exploration and observation well was used.. Above is a
schematic of the DH6 well as it was drilled and tested.
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