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1 Key License History

Production License 589 was awarded to Wintershall Norge AS (40% w.i.), Dea Norge and
Repsol Norge (30% w.i. each) after the APA 2010, and became effective on 4 February 2011.
The license covers part of blocks 6406/2, and 6406/5 in the Mid Norwegian Sea for a total of
57.5 km2. Previously the area was part of PL472 B, where Wintershall Norge was the Operator,
and was relinquished in 2010.

The work commitment of the license included G&G Studies and drilling of an exploration well.
The commitment was fulfilled with the drilling of the 6406/2-8 "IMSA" HPHT well in 2015. The
well would have to be drilled within the deadline of 4th of February 2014, but such deadline
was deferred twice in one year due to rig availability issues and then spudded on 17th of
January 2015 with semisub Transocean Arctic. It resulted in a minor Oil discovery in Tilje and
Åre Fms. TD was reached on 6th of April 2015 and the rig was released on 4th of May 2015.

Due to the small size of the discovery the JV did not foresee the drilling of any appraisal well
to the 6406/2-8 well. Remaining prospectivity has been evaluated but it was considered too
limited and risky for any further exploration activity and the license was relinquished with
unanimous decision within the JV Partners. (Fig. 1.1)

Fig. 1.1 PL589 location map and nearby Wintershall Licenses overview
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2 Database

Quality of the 3D seismic covering the area goes from fair to good. Such seismic data was re-
processed in 2009 by CGG from Field Tapes to PreSTM as part of the work commitment in
PL472 B. The re-processing allowed for better resolution of the Jurassic Section level,
representing the main target in the license, and better imaging of the faults and discontinuities.
As part of the PL472 B Work Commitment, a re-processing of the available 3D data covering
the area was performed from Field Tapes to Pre-Stack Time Migration (completed in May
2009 – WIN09M01, blue outline, Figure 2.1). The result was full and partial stacks (Near-Mid
and Far) with and without Spectral Whitening. As part of the PL589 G&G activity, seismic
interpretation of the re-processed seismic dataset was completed and revised structural maps
were generated and utilized for the 6406/2-8 Imsa well placement and post-well evaluation. 

Well information was available from the the nearby Tott, Rangfrid, Erlend, Lavrans, Antares and
Eta Fields/Discoveries and integrated in the seismic interpretation and depth conversion. One
well was drilled as commitment by PL589 JV, 6406/2-8 (“Imsa”), which resulted in a minor Oil
discovery at Tilje and Åre Fms levels. 

A Discovery Evaluation Report, which we refer to for additional details on the Imsa Well, has
been compiled and delivered to NPD in November 2015 (Wintershall, 2015). (Fig. 2.1)

Fig. 2.1 Outline of the Re-processed seismic included in PL589 common DB (brown outline)
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3 Review of geological framework

License 589 lies on the southern part of the Halten Terrace (Haltenbanken Area) of the Norwegian
Sea. The present day structure of the Norwegian Sea is interpreted to be the result from five
post/Caledonian rift episodes, occurring in the Early-Middle Devonian, Carboniferous, Late
Triassic-Early Jurassic, Middle Jurassic-Early Cretaceous and latest Cretaceous-Paleocene
(Blystad et al., 1995; Dorè et al., 1999; Gabrielsen et al., 1999; Roberts et al., 1999; Reemst
and Cloetingh, 2000; Brekke et al., 2001). The first four episodes relates to intra-continental
rifting, whereas the latest Cretaceous-Paleocene rifting represents the continental breakup
culminating in seafloor spreading in the North Atlantic and Norwegian Sea from approximately
55 Ma.

The development of the Trøndelag Platform, Halten Terrace and Dønna Terrace as separate
structural elements results mainly from Middle Jurassic rifting, although some faults indicate
activity also during the Early Cretaceous. The main trap concept on the Halten and Dønna
terraces results from the formation of rotated fault blocks during this rift episode. There are
indications that the N-S oriented faults were predominantly active during the Late Triassic-
Early Jurassic rift episode whereas the Late Jurassic and later extensional phases were primarily
associated with NE to SW oriented weakness zones (Færseth et al., 1997). The Halten Terrace
underwent a significant eastward tilting through the Jurassic rift climax period, uplifting the
Sklinna Ridge as the footwall of the Klakk Fault Complex by 1.5-2 km. Such uplift appears to
extend also to the east of the Sklinna ridge when halokinesis started in the Triassic salt. This
event is most likely responsible for the partial erosion of the Jurassic section in some of the
horst blocks in Imsa and in nearby areas, where in different amounts, Melke, Garn, Ile, Tofte
and Tilje reservoirs can be missing. A minor tilting of the Halten Terrace towards the west
through the thermal subsidence phase in Early Cretaceous appears to have triggered again
halokinesis of evaporites within the Triassic section and rafting with associated reactivation of
normal faults. (Fig. 3.1, Fig. 3.2)

Fig. 3.1 Seismic Section over Imsa drilled Prospect main reservoir horizons
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Fig. 3.2 Haltenbanken Lithostratigraphy
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The gravity driven phenomenum has been well described by Welbone in 2007. The Imsa horst
is located at the edge of an area charaterised by a "landslide" moving in a SW direction and
one moving more typically in rift-related WNW direction; such sliding most likely guided by the
regional dip of a deeply buried detachment surface.  (Fig. 3.3, Fig. 3.4)

Fig. 3.3 Regional depth structure map of BCU, Halten Terrace (Welbon et al., 2007)
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Fig. 3.4 Semi regional seismic section
Salt layer highlighted, nearby Imsa structure

A total of 5 horizons have been mapped to accurately control the structure and distribution of
the key overburden and Jurassic reservoirs (Figure 3.1). The seismic interpretation has been
carried out on the 2009 re-processed 3D Survey WIN09M01 (full stack). Seismic data quality
is generally good. Above the crestal part of the Imsa structure, deterioration of seismic resolution
occurs within the Cretaceous section, probably because of a gas chimney raising from the
Jurassic . Five interpreted horizons over the entire PL 589 acreage and relevant surrounding
areas have been used for prospectivity evaluation as well as for time to depth conversion in
the pre-drill phase. In the post-drill phase interpretation has been limited to the update of the
Imsa structure reservoir horizons (Åre and Garn Fms).

The main play in the License area, represented by preserved sections of Mid Jurassic (Garn
and Ile Fms) and Lower Jurassic reservoirs (Tofte and Tilje Fms) below the BCU, for which the
Application was written in 2010, was confirmed to be the most likely case also after seismic
interpretation performed during the Licence G&G work. The main change was related to the
increase on the perceived risk of finding a scenario where the Upper Jurassic section was
partially or completely missing at the planned well location, together with some of the prognosed
Jurassic targets. This lead to the decision of planning the 12 ½” phase TD above BCU inside
the Albian shales, utilizing Biostratigraphy while drilling, instead of placing it in the Melke Fm
shales as previously thought. (Fig. 3.5)
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Fig. 3.5 Pre-Drill Faults sealing analysis Study on Imsa Prospect

As an additional uncertainty, the location of the Imsa Jurassic block was bordering areas with
strong acquifer over-pressure differences, ranging from about +50 bars in the Lavrans Field to
more than +400 bars in the Rangfrid discovery, both located no more than 5 km away from
the Imsa well location. A detailed Top Seal, Fault seal and stability analysis study was performed
with Badley Geoscience Limited and indicated that faults bounding the Imsa structure were
most likely sealing in all directions but towards the SE, leaving the most likely acquifer pressure
in the Imsa structure in the same range of the Tott discovery (6406/5-1 well, about +300 bars
overpressure, (Badley, 2013)). As a low probability scenario, a slightly over-pressured scenario
(in line with Lavrans acquifer) was also considered and included as a contingency in the Imsa
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well design. The 6406/2-8 post drill results show that in reality the Imsa structure lies in a
separate pressure cell which stands in between the “Tott” and the “Rangfrid/Kristin” one. (Fig.
3.6)

Fig. 3.6 Pressure regime in Imsa structure post 6406/2-8 well
It shows how Imsa is in an intermediate high pressure cell. Note the high value of FIT in Albian shales

The main variation versus the prognosis in 6406/2-8 well is related to the missing Mid Jurassic
Targets due to erosion at the well location and the reduced size of the total HC column found
in the structure. This has lead to a drastic decrease in the HC volumes found and potentially
held by the structure. (Fig. 3.7)

Fig. 3.7 Seismic model pre vs post drill comparison
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The current Operator explanations for the limited HC column (with respect to prognosis)
discovered in well 6406/2-8 (Figure 3.8), have to do with: a) the spill point at the Base Spekk
Fm Level located on the west of the structure allowing HC to spill towards Lavrans Field (which
would fail to explain the high acquifer pressure difference between Imsa and Lavrans), b)
presence of a fault on the east of the Imsa structure which could have weakened the top seal
and allowed the HC to escape in the overburden (this would fit better with the pressure regime
measured in the Imsa structure), c) limited charge (i.e. no or very limited migration into the
structure from nearby areas, this would also explain the HC fluid characteristics found (light
oil) coming from the Spekk shales covering the prospect). (Fig. 3.8)

Fig. 3.8 Possible explanations for Imsa limited success

As part of the post well G&G activity a number of studies have been performed  (Fig. 3.9)

Fig. 3.9 List of studies performed on Imsa well
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Such studies have helped fine tuning the Petrophysical evaluation, confirming the overall poor
quality of the reservoir section penetrated by 6406/2-8 Well (Figure 3.10, Imsa Ichron Reservoir
Quality Report, 2015), the Age of the reservoir section (Figure 3.11, Imsa Biostratigraphy Ichron
Report, 2015), confirming it between Lower Jurassic (Early Pliensbachian) to Upper Triassic
(Rhaetian), absence of any large fault intersected by the well trajectory at the contact between
Spekk Fm. and Tilje Fm (Figure 3.12, Imsa Eriksfjiord Report, 2015) and finally confirming Spekk
as the Source rock that generated the HC found. Additional information on some of the results
have been included in the “Imsa” Discovery Evaluation Report (Wintershall, 2015). (Fig. 3.10,
Fig. 3.11, Fig. 3.12)

Fig. 3.10 THS description over Åre Fm.
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Stratigraphic Summary Chart Well 6406/2-8
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Fig. 3.11 Imsa Well Biostratigraphy
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Fig. 3.12 Structural profile sketch in W-E plane for well 6406/2-8
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4 Prospect Update

The early and post 6406/2-8 well evaluation of the PL589 license HC potential has been
performed utilizing the 2009 re-processed 3D seismic. At the time of the application, Imsa was
the only prospect identified in the area awarded as PL589 and no major changes where applied
to the prospect pre-drill GPOS and volumetrics in comparison with those at the time of the
application.

Post 6406/2-8 well seismic interpretation was focused on the PL589 area to include the results
of the “Imsa” well and to evaluate any additional potential left inside the License. A pre vs post
well structural map comparison show how the overall structural setting has not changed. The
main difference arises from the absence of the Mid Jurassic section in the tested block. (Fig. 4.1)

Fig. 4.1 Pre vs Post drill depth maps
Top Garn (pre-drill, left) and Top Åre on semi-transparent Top Garn (post-drill, right) showing the limited
change in the overall definition of the Imsa structure.

The analysis of the discovered and remaining potential has been performed identifying two
separate segments: a tested one (Tested Horst - proven) and a south area (Graben and Horst
- risked). (Fig. 4.2)

Fig. 4.2 Seismic section and simplified cartoon showing the approach to PL589 discovered and remaining
HC potential

As commented in the sketch, the sealing capacity of the Yellow Fault drives the contacts
distribution in the Imsa South Area. (Fig. 4.3)
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Fig. 4.3 Simplified cartoon showing contacts distribution scenarios in Imsa South Area

Melke Fm sst and Garn Fm reservoir have been suggested to be present in the area SW of the
tested horst block ("Graben Area"); such scenario is considered the more optimistic of the
many alternatives that can be envisaged due to the limited quality of the seismic below BCU
in that area. In the evaluation of the potential of the Graben Area then also Ile, Tofte and Tilje
Fms have been included: their tops were built starting from the Top Garn map and simply bulk
shifting it with average formation thicknesses from nearby wells. (Fig. 4.4, Fig. 4.5)

Fig. 4.4 Imsa tested block depth maps for Tilje and Åre Fms. discovered resources
Text with HCWC distribution for discovered (contingent) resources volumetrics calculation

Fig. 4.5 Melke and Garn Fms. post drill depth maps for remaining resources
Text with HCWC distributions for remaining resources volumetrics calculation

Additional details on the reservoir parameters used and the volumetrics calculations can be
found in the material presented at the September 2015 Workshop with Partners on L2S. (Fig.
4.6, Fig. 4.7)
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Fig. 4.6 Discovered recoverable resources in Imsa tested block
Contingent resources

Fig. 4.7 Remaining potential volumetrics: South Graben Area

Considering the large amount of eroded clastics from the Mid and Lower Jurassic section in
the Imsa tested block and nearby areas, an effort has been done to verify further the Upper
Jurassic section potential. (Fig. 4.8)

Fig. 4.8 3D view with simplified possible areas of Melke sst deposition nearby Imsa tested block
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In this respect two possible three way dip closures against faults limiting the “Imsa Graben”
Area have been mapped, resulting in a too small area to represent possible drillable targets.
(Fig. 4.9)

Fig. 4.9 Melke additional potential
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5 Technical evaluations

No technical evaluation was performed, regarding possible development of the Imsa discovery
or prospects in the License.
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6 Conclusions

In summary, the remaining prospectivity in PL589 shows an untested area located to the SW
of the Imsa tested block (“Imsa Central”) with Upper Jurassic (Melke Fm Sst) and Mid to Lower
Jurassic targets with HC trapped in case the fault running ENE-WSW against the Imsa tested
block is sealing. Such scenario is currently seen as unlikely and due to the limited recovery
factor, of limited potential. Two additonal closures have been identified at the Melke Fm sst.
level but of very small size. 

After reviewing 6406/2-8 discovered HC and PL589 remaining potential, due to its limited size
and high risk, Wintershall Norge AS technical recommendation to PL589 JV was to proceed
with the relinquishment of the License. Such recommendation has been accepted unanimously
by all Partners.
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