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An initiative for rejuvenation of Statfjord field via hydraulic
fracturing to unlock reserves in the Cook Formation
Girish Kumar Bairwa
Equinor ASA

The giant Statfjord Field has been in production since
1979 and is at the late stage of field life. Over 66% of oil
has been recovered from the Statfjord Field. Although
the Cook Formation is known to contain ~ 20 MSm3 of
the main field STOIIP, yet less than ~ 4 MSm3 of production can be allocated to this formation.
The Cook reservoir is composed of laminated sand, silt
and shale sequences, all varying reservoir quality. This
lack of production contribution indicated a requirement
for dedicated development of the Cook Formation. As a
result of the low permeability, low kv/kh and heterogeneity, hydraulic fracturing was considered in order to
increase recovery and unlock remaining reserves of
Cook Formation. The philosophy was to design frac
treatment that would provide maximum height cover-

age in Cook despite varying pressures and stress.
Detailed studies were performed to assess the Cook
Formation production capability concluded that a near
vertical well combined with artificial lift and hydraulic
fracturing, would deliver optimal economic production.
A near vertical well with increased Productivity Index
(PI) caused by fracturing gave the most robust concept
and this triggered the concept of hydraulic fracturing.
Over the last years there have been drilled several
wells in the Cook Formation. This paper presents the
results of hydraulic fracturing and production experience at a late stage of field development, citing the example of the Cook reservoir at the Statfjord field.

Fig.1-Statfjord field location.
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Evaluation of water saturation in tight reservoir, Åsgard
Christian Brostrøm
Equinor ASA

Production from tight reservoirs offshore is challenging. Several fields in production have their main reservoirs with good reservoir properties that are produced
in commercial ways and then tighter intervals with hydrocarbon that is more challenging to produce. Long
horizontal wells, fractures and other stimulation techniques might be needed in order to increase the producibility of these low permeability zones. This allows for
not only producing the easy hydrocarbons from the
field, but also taking the responsibility of producing the
volumes which is harder to get.
However, “tight reservoir” is not only more challenging to produce. They are also more difficult to evaluate
with respect to volumes in place. As the porosity is low,
the volume of oil and water is small, - and consequently
the resistivity contrast is less between an oil filled and
water filled rock. In the presence of clays, the resistivity
contrast is even less, making the uncertainty in estimation of water saturation high.
In this study pore scale lab experiments and detailed
core descriptions have been combined. All the cores
have been interpreted and classified according to the
Icron Lithofacies Scheme. These lithofacies represents
the building blocks of our reservoir model. Each lithofacies has then been studied in the pore scale lab at Equinors research center in Rotvoll. The samples are flooded
with oil in the micro CT in order to measure and visualize the irreducible water saturation, Swirr, and with water to measure/visualize the residual oil saturation.
These results are afterwards combined and compared
with SEM (electron microscope) images in order to understand the results. In our experiments we saw that the
irreducible water saturation was very high for the lithofacies with the lowest permeability. The high-resolution
SEM pictures show that this high irreducible water saturation is due to the presence of diagenetic clay within
the pores of the sandstone, even in sandstones that look
very clean.

Dispersed clay can prevent the sandstone from being
100% cemented when it is deeply buried. However,
these clays are also filling the pore space and
capturing water – making less space available for oil.
These clays can occupy 50-100% of the available pore
space,
reducing HC-volumes and flowability .
Infrared spectroscopy have been used on slabbed
cores in order to identify the different types of clays/
minerals in the rock on log scale. This was later correlated to what was observed on the lab scale by the SEM.
This enabled us to classify the lithofacies building blocks
with respect to typical illite and chlorite content.
Another source for evaluation of the reservoir is the
UV response images. Oil will show up as yellow to white
response. In general, the tighter the rock, the longer the
transition zone between oil and water. Poor quality reservoirs can prevent oil from entering the pore space several hundred meters above the FWL. While good permeable rocks will have oil entering the pores only a few
meters above the contact.
All these data have been combined into the stochastic
model made up of lithofacies elements. The understanding gathered for each lithofacies have then been included directly in the model to see the effect on the flow
simulation.
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The virtual outcrop revolution 15 years on:
Virtual field courses in focus
Simon J. Buckley1, Beate L.S. Olsen2, Nicole Naumann1, Kari Ringdal1, Benjamin Dolva1, Bowei Tong1,
Joris Vanbiervliet1, John A. Howell3, Jan-Erik Allers2, Andreas Rittersbacher2
1

NORCE – Norwegian Research Centre, Bergen, Norway
2
Equinor ASA, Norway

Over the past fifteen years, digital outcrop geology has
evolved from being a cutting edge research and development area to a fully-fledged discipline in its own right,
encapsulating a wide range of acquisition, processing,
analysis and visualization tools to facilitate quantitative
and qualitative outcrop studies. Facilitated by technological advances, these methods are now increasingly userfriendly and accessible, resulting in adoption across industry, academia and the public sector, and a paradigm
shift in how geoscientists make use of outcrop data in
field and office workflows.

physical courses and excursions at different stages of the
participants’ involvement, from pre-excursion preparation, during the excursion itself, and post-excursion for
revisiting learning outcomes. In addition, virtual field
trips provide a valuable resource for geoscientists in their
regular work tasks, allowing them to gain experience of a
wide variety of field geology and concepts without being
required to travel. This is particularly valuable where political instability, permits, safety and security issues or
general inaccessibility and remoteness exclude physical
access, especially for large groups.

High resolution and accurate capture of digital outcrop
models – 3D representations of geological outcrops within the computer – from methods such as photogrammetry and laser scanning, results in wide-ranging benefits.
These include: measurement and interpretation of features in difficult to access areas, conditioning of geocellular models from analogue data, comparison with subsurface datasets and generation of constrained synthetic
seismic models, and co-visualization of disparate geoscience data within the same geometric framework. In addition, and increasingly in focus, is the utilization of digital
outcrop data within education and training. The current
state-of-the-art in digital outcrop geology is characterized by a convergence of multidisciplinary expertise
around geospatial science, computer science and geoscience, making for rapid and innovative progress in how
we work with outcrop data, including central themes
such as automation, visualization and data sharing.

In this presentation, we give a brief outline of the major
developments and status of digital outcrop geology, before focusing on virtual field courses as one key area of
growth in the sector. We present a showcase example
from Equinor’s multidisciplinary graduate course to the
Ainsa Basin, northern Spain.

In recent years, these technological drivers have resulted in increased interest and possibilities around conducting virtual field courses and excursions. In an industry training and university education context, physical
field excursions are central to communicating key concepts in geology, geophysics, reservoir engineering, uncertainty and more to participants, including to multidisciplinary groups. While physical excursions are still essential, new opportunities arise from efforts in digitalization
related to datasets, interaction methods and ways to disseminate knowledge using 3D methods. Virtual field environments are therefore relevant to enhance existing
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Aasta Hansteen – Pioneer in Norwegian deep waters:
Project evolution from PDO to production
Anders Edvardsen, Trude Bakketun
Equinor ASA

The Plan for Development and Operation (PDO) for
Aasta Hansteen was approved in 2013 with the objective
to produce gas and condensate from the Cretaceous
turbiditic sandstones of the Nise Formation. The discovery of Snefrid Nord in 2015 allowed for increased understanding of the depositional system and related subsurface uncertainties. In July 2017 Snefrid Nord was submitted as an amendment to Aasta Hansteen PDO.
A development solution with a SPAR platform with
condensate storage capacity and subsea gas transport
via Polarled to Nyhamna is chosen for the field. Eight
production wells were planned to drain the gas volumes
from the four structures on Aasta Hansteen; four wells
on Luva, two on Haklang, one in Snefrid Sør and one in
Snefrid Nord.

The production wells were drilled and completed in a
batch drilling campaign, improving operation efficiency
but shortening the interpretation time and next well
optimization. To mitigate for the lack of time in our decision-making process, a large focus was made on contingency planning and the use of the multi realization Fast
Model Update (FMU) technology. This had a tremendous impact on the Petroleum technology team’s collaboration with Drilling & Well and drastically accelerated
the decision process.
Results from the drilled wells were as expected and fits
with the geological understanding in the Aasta Hansteen
area. Despite some unexpected completion challenges
caused by small and local variations in the depositional
system, the Petroleum technology team adapted quickly
to prepare for robust production start-up procedures
and safe operations of the wells.
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Exploring & Formation Testing New Grounds in
Rolvsnes’ Granite Basement
Kristian Eide-Engdahl
Lundin Norway AS

Rolvsnes was discovered in 2009 with well 16/1-12. It is
located in the southern part of the Utsira High (PL338C),
a few kilometers from both Edvard Grieg and Johan
Sverdrup. The license is operated by Lundin Norway AS
50%, with partners Lime Petroleum 30% & OMV 20%.
Rolvsnes is a unique discovery on the NCS as the reservoir consists of weathered and fractured granite basement. The general concept comprises fault zones in the
granite locating extensive fracturing and weathering
that is preserved upon burial. The reservoir is a complex
system where micro-fractures, fractures and fracture
zones form a multi-scale storage and transport system.
This interacts with alteration porosity to create a fractured reservoir that could act as a homogeneous package. Tight zones are present which could result in compartmentalization.
Lundin has previously drilled two vertical wells in the

prospect, 16/1-12 & 16/1-25 S. Significant lateral heterogeneity limits the value of a vertical well with respect to
lateral geological understanding of the fracture &
weathering distribution. A standard DST was performed
in the latter of the two wells, but the dynamic data were
sparse and the conclusion was that a horizontal well
would be required for a better understanding of the dynamic properties of the reservoir.
Lundin has successfully drilled a 2500 m horizontal section through the reservoir followed by an extended DST
producing for 10 days including an extensive data acquisition program during the test.
The performed formation test will be essential for the
concept selection process developing the Rolvsnes discovery further. With success on Rolvsnes a whole new
play is unlocked on the Utsira High.

Figure 2: Rolvsnes location on the Utsira High
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Figure 3: Cross Section of the Utsira High
showing the Rolvsens Location

Figure 4: Weathered granite outcrop
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Robust decision making –
an integrated workflow for decision maturation
Remus Hanea
Equinor ASA

A key aspect in the process of field development planning is to determine the optimal order in which production and injection wells will be drilled. For large fields
typically many wells (50-100) are drilled which implies a
significantly high number of possible orders in which
wells may be drilled. To evaluate all the possible orders
is computationally infeasible especially since in reality
for field planning it is imperative to account for the
range of uncertainties present to make a mature decision. The total number of simulations increases significantly when such uncertainties are accounted for. Decision maturation is the process of a user making an informed decision, in this case selecting an optimal drilling
order, whilst including all the uncertainties known to the
user in an automated optimization assisted framework.
To achieve this goal we use the recently developed
StoSAG formulation which is based on the increasingly
popular Ensemble Optimization (EnOpt) method. In recent papers StoSAG was shown to be theoretically robust and numerically outperform EnOpt on a variety of
synthetic test cases with continuous control variables. In

this work we investigate the applicability of StoSAG to
find the optimal drilling order of a real field case with
approximately 750,000 active grid cells. The optimal
drilling order control which is inherently a discrete/
integer problem has been parameterized into continuous drilling priorities which highlight the flexibility of the
method to different control types. In addition to the optimal drilling order we optimize the type of well
(injector/producer) to be drilled as well as the injection
capacity for the injection wells. We show that compared
to a reference case we can achieve up to 5% increase in
an economic objective function. A variety of experiments are performed which highlight the significant
practical value achieved with our proposed decision
maturation framework to find the optimal well types
and drilling order over the life-cycle of the reservoir for a
real field case under geological uncertainties.

NGF Abstracts and Proceedings, No2, 2018

Page 15

Nova– subsurface development
Tore Herrevold
Wintershall Norge AS

The Nova field, formerly Skarfjell, is located approximately 120km northwest of Bergen primarily in the PL
418 licence area, in the north-east North Sea. PL 418 is
located in quadrant Q35 which has significant exploration and production history. Nearby existing fields include Gjøa and Troll approximately 17km to the northwest and 50km to the south, respectively. Nova was discovered by well 35/9-7 and was appraised by three additional wells operated by Wintershall (35%), in the period
2012–14. Partners on the production license are Spirit
Energy Norge AS (20%), Capricorn Norge AS (20%), Edison Norge AS (15%) and DEA Norge AS (10%).
The discovery is situated on the Ryggsteinen Ridge between the Titan (35/9-6S) and Grosbeak (35/12-2) discoveries and is an example of a combined structural/
stratigraphic trap. The reservoir comprises midOxfordian deep-water turbidites and sediment gravity
flows (Intra-Heather 2), which formed in response to
tectonic hinterland uplift and erosion of the basin margin, 10–20 km to the east. These sediments are cut by
the Volgian erosion and overlain by Draupne Fm. shales
forming the top and side seals.

The Nova discovery contains light oil and gas, and is
subdivided into Nova Main, in which the main oil reservoir and gas cap have known contacts, and Nova East
and Southeast, which comprises thinner oil and gas reservoirs with slightly lower pressure and unknown hydrocarbon contacts. The Nova fluids were expelled from
mid-mature oil source rocks of mixed Heather and
Draupne Fms. origin.
The Nova field will be produced by 3 oil producers and
3 water injectors, and the recoverable resources are estimated at between 7 and 16 million standard cubic metres (Sm3) of recoverable oil, and 2.5–4 billion Sm3 of
recoverable gas. The Nova was approved in September
2018, and the field is expected to come on stream in
2021.
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The SAFARI Project – 30 Years of
Reservoir Analogue Studies
John Howell, Ragnar Knarud, Nicole Naumann, Simon Buckley,
Kevin Keogh, Kjell Sigve Lervik, Johan Petter Nystuen, et al.
University of Aberdeen, UniResearch Bergen, Equinor, Retired

Following the discovery in the mid 1970’s of numerous
major oil-field on the NCS there was a drive within Norway to improve the understanding and characterization
of heterolithic reservoirs deposited in fluvial, tidal, and
delta plain environments. This was coincident with the
early developments in reservoir modelling at the Norwegian Computer Centre, which produced a need for geometric data to populate new developed object based
models. In 1988, these dual challenges resulted in the
SAFARI
project
(Sedimentary Architecture
of Field Analogues for Reservoir Information). This was a
unique collaboration between the major Norwegian
Companies (Statoil, Norsk Hydro and Saga) and the NPD
to send staff and students into the field to study reservoir analogues and collect geometric data. The original
SAFARI project ran from 1988 to 1995 and collected a
number of significant datasets from Spain, Utah and laterally Greenland. The result were central to the understanding of NCS reservoirs and the project also trained a
unique group of peoples who permeate throughout the
Norwegian Industry and influence the development of
the sector for the next 30 years.
In 2007 the FORCE SedStrat Group approached UniResearch in Bergen with a view to digitize the original SAFARI data which was gradually being eroded. They supported a project with a modest amount of funding which
was then used as seed money for an NFR project which
lead to the modern incarnation of the SAFARI Project,
which is now just completing its third phase and about
to embark on the fourth.
The current SAFARI project rapidly developed from
simply digitizing old data. In the first phase new standards for outcrop data were prepared and novel data collection methods were applied to acquire very large virtual outcrops, using a helicopter mounted lidar system.
This resulted in several very large, seismic-scale datasets
including three from Utah, three from Greenland and six
from South Africa. Phase 2 saw the development of the
current web based database and a PhD studying the distribution of modern depositional systems using a unique
GIS approach. Phase 3 aimed at populating the new da-

tabase with the collection of over 250 new virtual outcrops, data from shallow seismic and the data mining of
NCS production data.
Phase 4 which is about to start will expand the geological scope to include structural geology and carbonates.
There is also a drive to make SafariDB a global resources
for researchers across the World to upload and share
outcrop data, so that the database of analogues can
grow exponentially.

In Swahili the word safari means journey. For 30 years
the SAFARI project has been on a journey at the forefront of reservoir analogue studies, using the latest technologies to collect and distribute data that improve our
fundamental understanding of the subsurface. It has
also been at the forefront of training generations of geoscientists and will hopefully continue in a similar vein for
the next 30 years.
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Johan Castberg Field Development
Core View
Simon Knight, Alf Ryseth
Equinor ASA

Johan Castberg is located in the Barents Sea, approximately 240km northwest of Hammerfest. The water
depth in the area is in the range of 360-405 meters.
Statoil is operator and 50% equity holder, whereas Eni
Norge AS and Petoro AS are partners with 30% and 20%
equity respectively.
The drainage strategy on Skrugard, Havis and Drivis is
based on horizontal oil producers with pressure support
from produced gas re-injection, produced water reinjection and treated sea water injection. Thirty subsea
wells are planned for, whereof 18 horizontal oil producers, 8 water injectors and 4 gas injectors. The wells are
planned to be drilled from 10 subsea templates and two
satellites over a five-year period starting in Q4 2019. The
wells will be tied-back to a ship-shaped FPSO for processing. Main processing capacities and oil storage size
are as follows; oil processing capacity of 30,000 Sm3/d
(190,000 bbl/d), gas production capacity of 8.2 MSm3/d,
water production capacity of 34,000 Sm3/d, liquid production capacity of 40,000 Sm3/d and an oil storage volume of 1.1 mbbl oil. Oil is planned exported directly to
the market using shuttle tankers. The production period
is expected to be 30+ years.

The recoverable volumes on Skrugard, Havis and Drivis
are estimated to be approximately 88,7 MSm3. Additional volumes from IOR, gas export and exploration within
the Johan Castberg license are expected to be produced
over the Johan Castberg FPSO within the field lifetime.
The reservoirs of the Johan Castberg field are sandstones deposited in the pre-rift stage. From oldest to
youngest the reservoir formations are the Tubåen, Nordmela and Stø of Late Triassic to Middle Jurassic age.
Stacked channel complexes in the Tubåen formation
pass into prograding mouth bar complexes interfingering with stacked bay fill, distal and proximal mouth bars
and distributary channels in Nordmela. The Stø formation represents a deepening shoreface environment,
going from a high-energy shoreline into an offshore
transition zone.
The main characteristics of the reservoirs are summarized in the field type log shown below.
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Map and Field development concept

Type log for Johan Castberg showing the depositional environment and facies changes as well as key potential barriers/baffles
and reservoir properties.
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Well planning and geosteering
– experience from the Recent Boa infill-drilling campaign
Morten Leonthin, Andor Hjellbakk, Nicolas Gueze, Vera de Leeuw, Artur Kotwicki and Malachy McKibbin
Aker BP ASA

Extensive static and dynamic modeling processes have
been a standard on the Alvheim Field since startup in
2008. Several versions of static full field models as well
as sector models have been built, upscaled, and used for
different purposes. In addition, the first 4D seismic over
the Alvheim field was completed and ready for interpretation in 2014. For the 2017 infill well planning at the
Alvheim/Boa field a combination of a history matched
reservoir model and a seismic 4D survey have been used
together with pilot well information from the 2015 drilling campaign to find the optimal well locations. Also,
wells from the 2015 campaign proved the AICD technology to be efficient and allow for attic oil development.

Well planning
The well planning process starts with identifying un-

drained areas in the dynamic model (Figure 2) and from
4D seismic. In addition to the reservoir studies, a lot of
effort has been put into the design of the wells to make
them as profitable as possible through the use of multilateral technology. Pilot wells have also been very important in the development success of the Alvheim
fields. Three pilots were drilled during the 2017 drilling
campaign, for:
•
Landing of the producer and placement of the
window in an optimal location
•
Testing of hydrocarbon contacts and pressure regime
•
Calibration of the reservoir models and the 4D.
•
Placement of producers just below current GOC
(assumed moved due to production)

Figure 1. Well configuration of Boa A-6 and A-7
from the 2017 infill campaign. 3 pilot wells, 1
trilateral and 1 single
lateral wells were drilled
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Figure 2. Boa A-6 and A-7 wellpaths displayed on map showing remaining oil (calculated from dynamic model, cutoff 50%
Sw) ). Blue: A6 producer; Violet: A7 producers. Red: pilot wells.

The Boa 2017 infill campaign was planned to target undrained oil in the Boa West area as well as attic oil above
existing producers in the main Boa structure.
It was assumed that the gas cap had been reduced due
to gas production, and A-6 and A-7 attic producers were
therefore planned to stay horizontal at original gas-oil
contact, about 2 m below estimated contact (Figure 3).
The produced gas was replaced by oil moving upwards
in the reservoir. The mixture of fluids in the reservoir
was an initial challenge as it took some time (and drilled
section) to calibrate log readings. A clear oil response
and a clear gas response was easy to identify. However,
large intervals of the drilled sections showed intermediate readings with Neu/Den separation between the oil
and the gas response, interpreted as light oil with residual gas. To support the fluid interpretations from logs
Spectra ((HRH Geology’s surface based mass spectrometer with focus on the C1/C2 ratio) was used in real time
for all wells.
Geosteering strategy
1.
Stay horizontal 1-2m below current GOC

2.
3.
4.

Steer away from potential gas
Steer down to avoid drilling into Lista Fm
(overlying unstable mudstone)
Balance risk/reward – get close to Lista Fm staying
high in the oil column, or place the well deeper
and be safe?

Although 2 pilots were drilled to identify the adjusted
GOC as well as OWC (including pressure data), it was
clear from the logs that the oil smeared zone where the
gas had moved up and being replaced by oil, was a challenge to identify in the horizontal wells. Locally along
the planned wellpath top Reservoir/Lista Fm was faulted
down. Alternative seismic interpretations were used in
the planning process but Geosphere (Deep EM technology) was used to geosteer the wells in detail. The steering relative to the top reservoir interpretation became
the result of a risk/reward discussion: stay high and take
some risk of penetrating Lista, or stay lower and get a
suboptimal drainage of the reservoir.

NGF Abstracts and Proceedings, No2, 2018

Page 21

Figure 3 Cross-section from static model along planned wellpath of producer A-6AH. Note the two Recent pilot wells 800m apart
with significantly difference in OWC

Where the boundary between Lista mudstone and
Heimdal sandstone is sharp and clearly defined, Geosphere proved to be a very useful tool to identify top
reservoir. However, this boundary are in most places
transitional (light blue to green of Figure 4). And represents a zone of thin sand and siltstone building a buffer
zone between the main massive reservoir and the capping unstable Lista Fm mudstone. The OWC was picked
clearly on the Geosphere displays and the response was
well calibrated against the resistivity logs from the nearby pilot wells.

Figure 4 Geosphere deep-resistivity inversion canvas along wellpath of producer A-6AH. Abrupt changes in OWC between the
two pilots may be due to faulting or large scale changes in stratigraphy
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The Alta extended well test; sustainable production from
fractured and karstified carbonates?
Alistar MacDonald, Niels Rameil
Lundin Norway

The Alta discovery is located in the southern Loppa
High of the Barents Sea in license PL609. The license is
operated by Lundin Norway AS 40%, with partners Idemitsu Petroleum Norge 30%, and DEA Norge AS 30%.
The discovery is situated approximately 200 km NW of
Hammerfest and 60 km S of the Johan Castberg Field.
The discovery was made by well 7220/11-1 in September 2014. The well was drilled on a structural four way
dip closure mapped out at Base Triassic level and encountered an oil leg of 44 m beneath a significant gas
cap.
Six delineation wells (including three sidetracks) have
been drilled. The main reservoirs are Palaeozoic carbonates and basal Triassic clastics. The Palaeozoic carbonates are part of a large easterly rotated fault block
which has been deeply truncated by the PermianTriassic unconformity. The carbonate reservoirs belong
to the Ørn and Falk Formations of the late Carboniferous/early Permian Gipsdalen Group. Triassic reservoirs
include both dolomitic and siliciclastic sands and conglomerates which drape the basal Triassic unconformity.
Over 50% of the STOIIP in Alta is in vuggy and fractured dolomites of the Ørn and Falk Formations. Although core and DST data have demonstrated some excellent reservoir quality locally, sustainable production
from vuggy and fractured carbonates in a 44 m oil column was a key uncertainty that needed to be addressed
before further maturation of the discovery.
An extended well test within the carbonate reservoirs
was designed to evaluate the stability of production
from the thin oil column. The well included a horizontal
section of 700 m through Ørn and Falk dolomite reservoirs. The planned test duration was 60 days with
“export” of produced oil and water to a shuttle tanker
via a 920 m long flexible hose.
The well (7220/11-5 S) was drilled during the spring
and early summer of 2018 and reached TD of 3057 m
MD RKB on June 25th. The horizontal section was placed
12 m over the FWL and 32 m under the GOC. The sec-

tion was drilled stratigraphically upwards through eastward dipping reservoir rocks with the Falk Formation at
the heel and the Ørn Formation in the toe. It penetrated
all the main carbonate reservoirs on Alta; Falk Vuggy
Dolomites; Ørn Bedded Dolomites & Ørn Reef Dolomites. As expected, mud losses were experienced during
the drilling of the horizontal section. These losses were
managed successfully, demonstrating the technical viability of developing the Alta discovery with horizontal
wells.
The production test was started on 13th July and completed on 23rd September. The overall design included
two periods of approximately 30 days with different production rates.
The first main flow period involved a rate of approximately 7500 barrels per day which is considered
“representative” for future production wells. The second
main flow period involved a higher rate of approximately 18,000 barrels per day constrained by surface facilities. This high rate production period was intended to
test the deliverability of the reservoir and to provoke
water and gas breakthrough.
The test has demonstrated good to excellent reservoir
properties for the dolomite reservoirs. Production logging has been performed and has confirmed contribution from multiple reservoir intervals. High production
rates have been achieved without significant water and
gas breakthrough.
On 3rd October, over 650,000 barrels of light Alta oil
were offloaded from the shuttle tanker at the Mongstad
refinery.
The Alta EWT has been highly successful and has
demonstrated that the vuggy and fractured carbonates
of the Ørn and Falk Formations can deliver high and sustainable oil rates from a 44 m oil column. The results
have provided Lundin and the PL609 partners with invaluable information to continue the maturation of the Alta
discovery towards a commercial development.
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Figure 1 – Horizontal slice through Alta reservoir within the oil leg

Figure 2 – Structural cross-section through the Alta EWT
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The Oda Field - handling G&G uncertainty with a flexible
development drilling strategy
Peter Mackintosh, Phil McCaffrey, Øyvind Clausen, Chris Ward, Mark Ackers,
Christian Hay Opsahl, Andreas Hetland Olsen
Spirit Energy

The Oda Field is situated approximately 250 km SW of
Stavanger in Block 8/10 on the eastern flank of the oilrich Central Graben in the Norwegian North Sea. The
field is a steeply-dipping (35°) monocline on the northwestern flank of a large salt diapir. The trapping mechanism is a combination of reservoir truncation against salt
at the crest, and lateral reservoir offset against faults.
The primary reservoir is excellent quality shoreface
sandstones of the Late Jurassic Ula Formation, with the
fluid consisting of light, sweet, highly under-saturated oil
(41° API). The field has pressure and temperature of
around 400 bar and 125°C, and has an oil column of over
450m.
The field is currently under development as a 14km
subsea tie-back to the nearby Ula platform, with development wells drilled from an integrated subsea template. The reservoir will be developed with two oil producers located in the crest of the field, and a water injector located just below the oil water contact. Pressure
support is vital due to the low compressibility of the Oda
oil and expected limited support from the aquifer. The
combination of light oil, steep dip and excellent reservoir quality are expected to give a high recovery factor.
In order to maximise recovery, it is essential that the
production wells are placed close to the top of the structure as possible, adjacent to the salt diapir. A comprehensive pre-drill subsurface work program included seismic reprocessing, geophysical studies, structural restoration and reservoir development studies. However, G&G
uncertainty remained mainly due to challenges imaging
the salt diapir geometry and associated structural configuration along the crest of the field.
A development drilling strategy was implemented to
firstly appraise the crestal part of the field, and then to
utilize this new information to optimise the location of
subsequent wells. This was achieved by meticulous consideration of alternative well outcomes, with a key focus
on data acquisition that would increase geological understanding. Crucially, the location of the second production well was not chosen until after the first well had
been drilled. Flexibility was also built in to the completion strategy to account for alternative reservoir out-

comes.

This strategy required extremely close cooperation
between subsurface and drilling teams, with clear
timeframes for interpretation of results and decision
making during the drilling campaign. The results of the
Oda development wells illustrate how important the
strategy was for maximizing reserves from the field.
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Extracting Meaningful Geostatistics
from Virtual Outcrops
James R. Mullins1, Helena van der Vegt2, Philippe Renard3, Julien Straubhaar3,
Sarah A. Weihmann 1, John A. Howell1
1

University of Aberdeen, 2TU Delft, University of Neuchâtel3

Sedimentary facies are known to be key control
on the distribution of spatial heterogeneity within reservoirs. Therefore accurate geological facies modelling is a
critical step in the reservoir modelling workflow. Outcrop data provides reservoir-scale information on the
internal architecture, geometries and inter- and intrafacies connectivity that cannot be obtained from the
subsurface alone. Shallow marine deltaic environments
are important reservoir targets, however subsurface
models of these systems are limited by a lack of accurate spatial geometric data that represents the system in
terms of fluid flow prediction and transport processes.
The Cretaceous Ferron Sandstone Formation provides
a well-exposed world class fluvial-dominated deltaic
wedge that passes into to offshore deposits of the Mancos Shale. Virtual outcrop (VO) data derived from an
Unmanned Aerial Vehicle (UAV) at Ivie Creek, Utah were
used to study these outcrops. Three-dimensional control
is given by a series of cliff buttress sections and the VO
dataset is complete with well-defined clinoforms defined by bedding surfaces, distributary channels and numerous growth faults formed during delta progradation.
The aim of this study is to compare various suites of
modelling approaches to demonstrate the amount of
quantitative and qualitative statistical information that
can be derived from VOs for use in geocellular reservoir
modelling. A semi-deterministic base case models was
created from high-resolution digital mapping of deltaic
architecture and compared to pixel- and object-based
approaches for creating dipping clinoform geometries.
Traditional geomodelling approaches accurately enable the reproduction of spatial statistics inferred from
the subsurface or outcrop analogues through geometric
parameters, semivariograms and training images, however they are unable to confer information from depositional processes. Process-based models are capable of
representing realistic geological heterogeneity through
forward-modelling, but are unable to provide accurate
conditioning to hard and soft reservoir information. The
VO exposure was used to parameterize a threedimensional forward model using Delft 3D software

which was subsequently used as a training image for
multiple-point statistics.

All geocellular models were dynamically analyzed in
reservoir modelling software through simulating production over a 30 year timeframe.

NGF Abstracts and Proceedings, No2, 2018

Page 26

Uncertainty Quantification
– What is it good for ?
Henning Omre
NTNU

Humans has during its existence been concerned
about the uncertainty related to unknown events
and the future. Only during the last few hundred
years has mankind formulated the concept of probability. To my opinion, it is only this theory of probability that currently offers a unified, consistent framework for uncertainty quantification.
The origin of the formalized probability concept will
be presented, and some of its founding fathers will be
credited. Early use of probability in the geosciences
occurred only two hundred years ago, and the mathematically rigorous definition of probability is formulated during the last centennial. Hence, probability
theory, and thereby uncertainty quantification, is a
very young discipline.
The classical uncertainty quantification concept is:
‘Assign probabilities to outcomes of future randomized
experiments’. In reservoir evaluation, however, there
are no future randomization – all outcomes occurred
in the distant past. Is probability a suitable concept for
geoscience applications? Some reflections on this
question will be forwarded.

Spatio-temporal probability modeling, as reservoir
evaluation requires, poses particular challenges. Scenario and hierarchical modelling with heterogeneity
and multi-realization representations must be integrated in order to provide realistic uncertainty quantifications. These concepts will be presented and discussed. Decision making under uncertainty requires
specifications of gain/loss preferences summarized in
a utility function, which normally will be time, case
and company specific. Consequences of various preferences will be demonstrated.
During the presentation several examples of uncertainty quantification in reservoir evaluation will
be presented and discussed.
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Transgressive shallow marine reservoir analogue:
Dakota Sandstone, San Rafael Swell, Utah, U.S.A.
Stephen P. Phillips, John A. Howell, Adrian J. Hartley
University of Aberdeen

Progradational shallow marine systems (deltas and
shorefaces) have been extensively studied and are reasonably well understood as hydrocarbon reservoirs.
Transgressive shallow marine systems are less common
as reservoirs and are less well understood. Several recent discoveries on the NCS such as the Giant Johan
Svedrup field have highlighted the importance of improving our understanding of transgressive depositional
systems and their products.
The Dakota Sandstone of the western San Rafael Swell
and northern Henry Mountains Basin represents the
transition between the fluvial deposits of the Morrison
and Cedar Mountain formations and the offshore marine deposits of the Mancos Shale, deposited in the Cretaceous Western Interior Seaway of the USA as it flooded. The Dakota is composed of dominantly tidal deposits
with subordinate tidally influenced fluvial deposits. It is
composed of several facies associations that are arranged in a predictable manner. Where present, tidally
influenced fluvial deposits form the base of the formation. Sigmoidal and compound dune subtidal bars
overlie these fluvial deposits. Associated with the subtidal bars are intertidal point bars composed of inclined
heterolithic stratification as well as bedded coals and
carbonaceous mudstones that represent coastal plain
deposits. The uppermost surface of the Dakota Sandstone is sometimes capped by a thin transgressive lag
composed of shell debris, and/or pebbles, that transitions into the fully marine Tununk Shale Member of the
Mancos Shale. Tidal indicators are present throughout
the Dakota Sandstone: mud or carbonaceous debris
draped ripples and dunes, bi-directional flow indicators,
sigmoidal and herringbone cross-stratification, and wave
rippled sandstone. Paleocurrent data supports the idea
of a tidal origin for these sandstones. An estuarine environment is favored due to the areal distribution of the
tidal deposits, and the increasing marine influence up
section. Virtual outcrops provide a mechanism for digitally capturing the outcrops and producing a quantitative analysis of the reservoir analogue.

Transgression in the Dakota Sandstone occurred in
steps. Older Dakota Sandstone shorelines exist near the
Utah-Colorado state line. The subsequent establishment of a younger shoreline at the San Rafael Swell indicates an adjustment of almost 100km landward. In the
subsurface, this would result in lateral variations between fluvial and tidal deposits on a field scale and
would result in changes in the expected reservoir types
and quality. Fluvial deposits of the Dakota to the east of
the San Rafael Swell have a limited lateral extent, but
are typically composed of sandstone and conglomerate
with, presumably, better reservoir properties. Tidal deposits of the San Rafael Swell tend to have a more heterolithic nature that would hinder fluid flow in the subsurface, however, they have a much larger lateral extent
and some self-sourcing potential. A better understanding of the facies, facies associations, and architecture of
transgressive deposits will aid in subsurface exploration
and development of reservoirs of similar origin.
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Valhall Flank West
Eirik Serigstad, Tone Årthun
Aker BP ASA

The Valhall Flank West Development Project (VFW) is
part of a suite of upcoming projects that will significantly
increase production and maximize recovery from the
Valhall and Hod fields.
The Valhall field is located on the Lindesnes Ridge, within the Central Graben on the Norwegian continental
shelf, ~290 km offshore South Norway, in ~70 m of water. The trap consists of a mega structure containing the
two fields; Valhall and Hod. The Valhall field was discovered in 1975, with first oil in 1982. The Hod field was
discovered in 1974 with first oil in 1990, as a tie back to
Valhall.

Valhall is an overpressured, Upper Cretaceous chalk reservoir, with an undersaturated oil column of over 200m.
Production is from two formations: The Tor (average
26m thick) and the Lower Hod (average 66m thick). The
Valhall-Hod megaclosure contains 3-4 Bn boe in place,
with 1 Bn boe produced to date. The West Flank Development will focus on the under-developed Tor Formation chalk on the western flank of the field. The production from this area will increase current recovery
factor for the Valhall field significantly.

Fig. 1 Valhall and Hod Field Layout with Flank West Platform

The overall objective of the project is to deliver an asset
to the Valhall Partnership that can be operated safely
and profitably for its expected life. The VFW reference
case includes 6 production wells drilled from slots on a
new Normally Unmanned Installation (NUI) that is tied
back to the Valhall Central Complex (VCC). The NUI will
have 12 slots with six slots available for future targets.
Although waterflood is not part of the reference case,
pre-investments will be made to accommodate water-

flood at a later stage. Two of the producers can be converted to injectors later on, and the NUI will be built
with the necessary equipment if waterflood becomes
part of the depletion strategy at a later stage.
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The wells will be drilled updip from west towards the crest. The NUI is placed away from the crest and hence away
from many of the overburden challenges that makes Valhall drilling complicated (fig. 2).

Fig 2: Illustration of well trajectory.

Main reservoir uncertainties influencing the resource
estimate are related to Tor thickness and well length.
The Tor Fm. is below seismic resolution and seismic
data quality does not allow for use of 3D amplitudes due gas in the overburden. However, 4D seismic
data (both compaction and amplitude) can be correlated to thickness. Input to thickness modelling testing
different geological concepts hence are 4D amplitude
and compaction data along with offset well data. Reservoir length for the planned wells varies between
1000-2500m with reserves proportional to horizontal.
Main challenges to achieve long reservoir sections for
the West Flank project are risk of thin Tor reservoir,
high differential pressure along wellbore and risk of
connecting up with crestal fracture network.
All the wells will be stimulated to enhance production
from the low perm Tor reservoir. The plan is to proppant fracture 10 zones per well based on a 1550m average horizontal reservoir section. The average reservoir thickness is predicted to be around 26m, but are
expected to vary from 10-35m.
Drilling is expected to start in July 2019 with first oil in
4Q 2019.

Fig 3: Base case VFW thickness map with offset wells and 6
new wells
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Troll reservoir monitoring. Utilization of 4D data
when drilling 150 km of good reservoir every year
Ståle Solbakken, Jakob A. Gjengedal, Åshild Skålnes,
Equinor ASA

The Troll Field is one of the most significant oil fields
offshore Norway as well as one of the largest offshore
gas fields in the world. The field is subdivided into Troll
East which is the main gas field, and Troll West, where a
thin oil leg (initially 13-27m) is present below the gas
cap.
The oil from the thin oil leg is produced by means of
long horizontal wells. The production wells are positioned at, or immediately above the oil-water contact
(OWC), with gas cap expansion as the main driving
mechanism. The first oil producers were drilled in 1995,
as one branched horizontal wells with ~1500m reservoir
exposure. After this, a continuous technology development has taken place, resulting in multilateral wells with
branch control and reservoir lengths of each branch up
to 6000m. As of today, more than 235 producers are
drilled, over 700 well tracks penetrate the reservoir section, and more than 150 000 reservoir meters are drilled
every year.

The key to successful geosteering and well placement
is the multidisciplinary approach combining real-time
LWD-data, high quality 3D and 4D seismic, detailed geologic models, and reservoir and production data.
Time-lapse seismic is used in all well planning on Troll.
The recent 4D acquisition from 2016 is of particular importance. But several 4D surveys during the lifetime of
the field are also essential for interpretation of the 4D
data and thus the use of 4D. The 4D data is used in combination with all other information, as inflow profiles,
permeability, completion etc, to understand the responses and evaluate remaining oil potential and sand
quality.

Time-lapse seismic is relevant in all phases of subsurface work on Troll and requires cross disciplinary collaboration. The established work processes and structure of
data in Troll makes it possible to utilize all the various
data when planning and drilling 150 km of good reservoir every year.

Figure 1. Troll Field map with infrastructure. A crossline A-B across the field showing the rotated fault blocks. The gas is
marked with red, and the oil column is in green. 4D RMS map: 2016-1991 to the right.
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Uncertainty-centric reservoir model workflows –
experience and challenges on Johan Sverdrup
Per Olav Eide Svendsen
Equinor ASA

The Johan Sverdrup field covers a large geographic
area, consisting of different geological domains. The
field is being developed as a phased development. In
this setting, a traditional case-based approach to uncertainty quantification was not sufficient for adequately
quantifying in-place and recoverable resources.
FMU (Fast Model Update) technology was introduced
on Johan Sverdrup in 2012 – very early in the field development process. FMU allows for a multidisciplinary and
consistent approach to uncertainty. The transition from
case-centric reservoir modelling workflows, to an uncertainty-centric, integrated approach has been associated
with technical, as well as cultural, challenges.
The Johan Sverdrup example show that fully integrated reservoir modelling workflows based on FMU principles allows for better and more consistent quantification
of subsurface uncertainty. The capabilities of FMU workflows have been instrumental for supporting a multitude
of decisions made during the field development.

The reservoir modelling workflow used on Johan
Sverdrup is fully automated from depth conversion,
through property distribution, simulation and preparation of results for analysis. The workflow contains 250+
variables of different distribution styles. These include
structural parameters, property parameters and topside
assumptions. By combining many parameters, the workflow is able to quantify the interaction between them as
well as their combined effects on output parameters.
Johan Sverdrup is one of the five largest oil fields on the
Norwegian continental shelf. With expected recoverable
resources of between 2.2—3.2 billion barrels of oil
equivalents, it will also be one of the most important
industrial projects in Norway in the next 50 years. Phase
1 production start is scheduled for late 2019.
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Using data, reservoir physics, subsurface knowledge and
fit-for-purpose algorithms to continuously improve our
subsurface understanding
Jon Sætrom
Resoptima

In a recent report, McKinsey predicted that improved
reservoir management on currently producing assets
has the potential of unlocking an additional 1 trillion
barrel of oil equivalents (Maximenko, et al., 2017). Unlocking these additional barrels is of course not a trivial
task, but there is little doubt that one of the key factors
to accomplishing this is by continuously increasing our
subsurface understanding. Reservoir models can be valuable in the process of understanding the subsurface
provided that they: a) are built using all available data in
a consistent manner; b) incorporate the technical expertise of the subsurface team; c) capture the uncertainty
in the data conditioning and reservoir modelling process; and d) are easy to update once you get new data –
both static (well logs, etc.) and dynamic (production, 4D,
etc.).
Ensemble-based reservoir modelling is one solution to
this challenge. Central to this approach are automated
workflows that capture and propagate uncertainty
throughout the reservoir modelling process. Furthermore, fit-for-purpose algorithms ensures that the data
conditioning is done while accounting for uncertainty in
both the unknown reservoir properties - including the
structural framework, facies model, petrophysical properties, etc. - and data measurements. This ensures that a
full ensemble of models, which all explain the currently

measured data in the reservoir while accounting for uncertainty, is can always be available as input to businesscritical decisions. In this talk, we describe some of the
key characteristics of the ensemble-based reservoir
modelling approach. What makes this different from
existing and alternative approaches? How does it work
and how does it affect the way we work? Examples from
studies done on the Johan Sverdrup (Sætrom, et al.,
2016) and Gjøa field (Sætrom, et al., 2017) will be used
to support the discussion.
References
Maximenko, A., van der Molen, O. & Verre, F.,
2017. An analytical approach to maximizing reservoir
production. https://www.mckinsey.com/industries/oiland-gas/our-insights/an-analytical-approach-tomaximizing-reservoir-production.
Sætrom, J. et al., 2017. Fast Integrated Reservoir
Modelling on the Gjøa Field Offshore Norway. s.l., s.n.
Sætrom, J. et al., 2016. Consistent Integration of
Drill-Stem Test Data into Reservoir Models on a Giant
Field Offshore Norway. Dubai, SPE.
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An Integrated Uncertainty Reservoir Modelling Process:
the Ærfugl Field
Chris Townsend, Tomasz Tuczynski
PGNiG Upstream Norway AS

The paper describes a multi-scenario geo-modeling
process, suitable for in-place and reserves assessment. The process was created and used for the purpose of uncertainty study on the gas condensate
Ærfugl Field.
The Ærfugl Field lies in the Norwegian Sea adjacent to
the currently producing Skarv Field. It forms a circa 50x3
km elongate stratigraphic trap, pinching out against the
Nordland Ridge. The Ærfugl reservoir is in the deepmarine turbidities and mass-flow deposits of the Cretaceous Lysing,Fm. It lying at a depth of around 2800 m
tvdss. A long term production test has been run using a
single well since 2013. The gathered production data
have been crucial for understanding the reservoir characteristics and how the field can be optimally developed.
The basis of proposed process was to create a suite of
geological scenarios representing the full uncertainty
and stringently validate them against production history.
The individual scenarios were constructed by using hi/lo
values of specific parameters e.g. NTG, porosity, permeability, etc. A full-factorial suite of models were created
for each analysis, which allowed learning, model refinement and re-analysis.

The models with an excellent history match were used
to:
•
narrow or extend the ranges of uncertain parameters,
•
identify the impact of each uncertainty parameter,
•
constrain the likely range of in-place volumes,
•
calculate possible reserves range,
•
test the impact and robustness of different development scenarios.
In principle the proposed process integrates geological, geophysical, petrophysical, PVT, SCAL and production data. The given integration was achieved using
workflows created within the Petrel software. Setting up
a set of scenarios allowed for the incorporation into the
process of new production or geological data in order to
further constrain the various solutions. The proposed
approach encouraged dialog and thinking among the
various interdisciplinary team members.
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The Frosk Discovery - From seismic to core:
moving rapidly towards test production
Ingeborg Ims Tøllefsen
Aker BP ASA

The Frosk discovery wells 24/9-12S and appraisal well
24/9-12A were drilled Q1 2018, and the presentation
will cover the mystery of sand injections, including findings from logs, core, field analogues, updated G&G understanding and plan forward.
The Frosk discovery is located in block 24/9 (PL340)
close to the Bøyla Field, and near the Norway/UK border. The area is located in the Vana Sub-basin, South
Viking Graben, North Sea. The basin is NE-SW oriented
and is bounded by basin margin platforms to the west

(Shetland Platform) and to the east (Utsira High). Main
analogue used was Volund (Figure 1).
The discovery well and it’s geological sidetrack revealed
a massive 40m thick sill, containing between 30 and 60
mmboe of biodegraded oil. A fast track development
project is proposed for which we are now in the appraise
stage. This includes planning of several appraisal and
exploration wells in the area in addition to a bi-lateral
test producer.

Figure 1: Seismic cross section Cross section from right: Bøyla to Frosk, Gamma, Volund and Viper. Bøyla is a Hermod turbidite field, while the rest are injectite fields/discoveries.
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Significant resource potential in tight
reservoirs on the NCS
Arvid Østhus
NPD

Substantial quantities of oil and gas can be found in tight
reservoirs on the Norwegian Continental Shelf. In the
North Sea and the Norwegian Sea there are large accumulations of oil and gas in tight reservoirs that are challenging to produce. High pressure, high temperature
and cementation make recovery of oil and gas complicated. Examples of discoveries and fields with tight reservoirs in the Norwegian Sea are 6406/9-1 Linnorm,
6506-1 Victoria and Kristin. These three deposits are
estimated to have resources in place of 300-450 million
Scm o.e, of which as much as 250 million Scm o.e. are
thought to lie in tight reservoir zones. In addition, the
tight reservoir zones above the main reservoirs of Oseberg and Gullfaks in the Northern North Sea is estimated
to contain resources in place of 100-800 mill Scm o.e. In
the southern part of the North Sea there are large resources in tight chalk reservoirs.
Producing from tight reservoirs calls for special well
technology and it is thereby important to adopt and further develop technological solutions which can contrib-

ute to efficient wells in tight reservoirs. New and improved methods as well as cost reductions will be important for the ability to produce from types of reservoirs. Hydraulic fracturing represents a relevant technology in tight reservoirs. A test production is now planned
on 34/11-2S Nøkken, where fracturing will be tested. On
the Åsgard field, the Norwegian technology "Fishbone"
has been tested. It has resulted in production from a
reservoir that was considered uneconomic when it was
found in 1985. Equinor now concludes that the Fishbone
drilling doubled the production rates after producing the
well for more than 2 years.
The volumes of oil and gas in tight reservoirs are so large
that there is a potential for significant value creation.
However, it is essential that the industry continues to
work on understanding how resources in tight reservoirs
can be produced economically and it requires willingness to develop and apply new technologies. NPD therefore believes that this is an area that needs increased
attention.
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Wax and salt the making of a legend, Fenja
Bjørn Øverby
Neptune energy Norge

The sanctioning of the Fenja Field is based on the development of the Pil reservoir hydrocarbon accumulation. The reservoir was discovered in 2014 and rapidly
matured to sanction in 2017 as a subsea tie-back to the
Njord A host facility. Reserves are 96.5 million barrels oil
equivalents with production start-up scheduled for the
first quarter of 2021.
The key aspects of the Fenja Field that contributed to
sanctioning are detailed below:
•
A cost-efficient development utilizing existing
technology along with existing hub infrastructure
to maximize value while minimizing impact on the
environment.
•
Includes a 36 km, 12-inch diameter, electrically
heat-traced pipe-in-pipe multi-phase flowline for
use in transport of production fluids from the Fenja production subsea template to the processing
host, Njord A. The main technical reason for this
solution is risk mitigation of hydrate formation
and wax gelling during production shut-downs.

•

•

•

Establishment of a voidage replacement drainage
strategy by means of bottom water injection into
the aquifer and crestal gas injection into the gascap with the intent to maintain pressure. Injection
of both gas and water phases is also intended to
efficiently displace oil toward the oil production
wells during the oil production phase. In late field
life, the planned drainage strategy is pressure depletion where the gas injector is converted to a
gas producer.
The production profile has been optimized to the
production and injection constraints at the host
facility.
Appraisal of in-field oil discoveries (Bue reservoir,
Boomerang reservoir) has been included in the
development drilling plans for the Pil reservoir.
Along with excess well slots on the production/
injection templates for potential future near-field
opportunities.
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•

•

•

Planning for standard NCS well designs to better
manage a challenging geological setting where
data acquisition will be critical for learning and
long-term reservoir management.
Inclusion of topside and downhole surveillance
equipment to enable determination of fluid movements and pressure evolution for use in reservoir
monitoring and management.
Maximizing recovery of hydrocarbons before
planned cessation of the host facility.

The development plan results in an effective strategy
to extract the sanctioned hydrocarbons while evaluating
the local upside potential. The project has focused and
ensured that this is achievable without sacrifice to the
main sanctioned objectives, resulting in a predicted oil
recovery of 46% and gas recovery of 51%.
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- a tool for
images of deep marine

3D
sands.

Trond H Høye, Riccardo Basini, Ernst WM Hansen,
Geo Gravity Flow AS, Trondheim.

A difficult task in geomodelling is extracting model parameters for high-resolution heterogeneity patterns, such as
object dimensions in facies modelling. Such parameters
are typically based on
1D well data and 2D data from assumed outcrop analogues. The SAFARI project is comprising studies addressing estimation of such model parameters.
Field specific models, constrained by 3D physical laws
related to transport, erosion and deposition of sediment
gravity flows. can be made with MassFLOW-3D given a
realistic paleo landscape (structural paleo bathymetry
reconstruction) and well data for tuning of field specific
process modelling parameters.
The resulting product is a 3D training image, which may
be used for smarter faster and cheaper estimation of
reservoir modelling parameters.

More general models could be based on integration with
SAFARI studies, adding a new dimension Fig 1: MassFLOW3D training image example Gravity flow deposits comprising
3 grainsize classes (1) Coarse (yellow), (2) Medium to fine
(orange), and (3) Very fine (green). Assumptions of sorting
mechanisms was used to divide layers vertically from grain
size proportions into upward fining units.
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