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Abstract

The Play Fairway Analysis (PFA) programme initiated by OETR (Offshore Energy Technical Research Association of Nova
Scotia) is fundamentally based on the creation of Gross Depositional Environment (GDE) maps for key intervals. These maps
are created through a thorough integration of paleo-environment data from wells with seismic facies analysis.

The methodology is essentially based on a rigorous sequence stratigraphic approach. The major innovation in this PFA study
was the creation of a systematic sequence stratigraphic framework offshore Nova Scotia. This analysis was based on twenty
key wells of which six had new biostratigraphic analyses.

The information from these key wells was extrapolated using seismic stratigraphy. Accurate well to seismic ties were
established through careful calibration of sonic and density data together with well established well/seismic correlations
methods. In order to ensure the highest possible resolution for calibration to the wells, key seismic lines were reprocessed to
improve bandwidth and imaging. These well data were extrapolated using a large seismic database (~70,000 km of 2D and
~30,000 km? of 3D).

The PFA workflow imposes a rigorous and disciplined integration process. This is designed to ensure that the various input
elements of the study are internally consistent. The integration process is continual throughout the programme and is tested
fully during the creation of the GDE maps. These maps necessarily have to honour all the data and interpretation that feeds into
the process (from the most basic tectonic history, through biostratigraphy, depositional processes as evidenced by
sedimentological studies, seismic stratigraphy and, in this instance, salt kinematics).
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The PFA project included some fourteen horizons that were mapped seismically for structural and stratigraphic control. Of
these, nine surfaces have significance for understanding the most prospective Cretaceous and Jurassic plays. The GDE maps
for the most important intervals are interrogated for predictions of distribution of reservoirs, sources and seals.

This paper presents the overall methodology and illustrates the workflow with an example of source rock distribution.
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Outline

 Demonstrated that there are two source rock types on the margin,
extending prospectivity outside the Sable Delta region

 Shown that there is a way to de-risk reservoir/seal both on the
shelf but also in the deeper water.

 Developed a rigorous petroleum systems model to predict
charge/migration

e Un-risked YTF resources of 121 TCF and 8bn bbls in three
regions
— Deep water oil play in the South West and Gas to the
North East

— Remaining gas potential in the Sable delta itself in dip
closed features

— Gas and Oil in Sable rim and in the underexplored region
to the North East of Sable
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Hydrocarbon occurrences and molecular
analysis




Hydrocarbon occurrences
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Venture B-13
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Hydrocarbon Fluid Inclusions from Glooscap and Weymouth
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Isotope distribution

Sofer diagram
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Isotope - Extracts
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All isotopes including Morocco oils
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Forensic Geochemistry

* Proof that there are two source rock groups
— One largely marine
— The other mixed marine terrestrial

* Evidence for a restricted hypersaline source
rock

* Similar characteristics from olls on the
conjugate margin in Morocco

————



Geochemistry

e 4 source rocks; 2 independent systems
e Deltaic
— Upper Jurassic/Tithonian

— Lower Cretaceous/Hauterivian-Aptian
— Albian

 Regional Early Jurassic restricted marine to
marine
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Tectonics programme

New Refraction Line

SISMAR reprocessing

Plate reconstruction

Wide Rift Mode
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GEOPRO - Vp & Vp/Vs models

Velocity Model Nova Scotia 2009
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SDR observations (approx locations) — Nova Scotia &
Morocco

Modified
Minimum closure

GXT1100 &
89 series

~ SISMARO09

Reconstruction after Fig. 3.6 (b) Louden et. al. 2010; SDR identification PFA project




KEY CONCLUSIONS

*Nova Scotia and Morocco are conjugate volcanic passive
margins

«Salt basins are wholly confined to continental crust stretched
In the Late(?) Triassic

eSubaerial spreading initiated by CAMP event in the Earliest
Jurassic

eInitial post rift water depths therefore probably less than
200m may have favoured anoxic conditions - ? a new
petroleum system

*Avalon (Late J-EK) deltas record response to the Avalon
uplift due to Newfoundland —lberia rifting
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Basin Architecture
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Sequence Stratigraphy
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Jurassic modeling results : GDE maps dress-up for key stratigraphic intervals
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Allochthonous salt movement related to Jurassic delta loading
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Middle Missisauga seismic facies and geometries
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Cretaceous modeling results : GDE maps dress-up for key stratigraphic intervals
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DIONISOS® Calibration: 2 models with « qualitative »

and « quantitative » calibration

Depositional profile with key sequences ....
...that fit the stratigraphic conceptual model
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Jurassic and Cretaceous systems

Late Albian Jurassic deltaic

Lowstand system system @
(4] J150 -J200

K94 — K101
Jurassic carbonate
system @
J150 - J185

Berriasian /
Valanginian
“lowstand” delta ®
K137-K147

Salt diapirism



Petroleum Systems




Source Rocks Modeling — Transformation Ratio
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Migration and Accumulation Modeling — Drainage
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Pleinsbachian SR : :
Transformation ratio * Presence + Lateral migration




Source Rocks Modeling — Transformation Ratio
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Migration and Accumulation Modeling — Drainage
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N‘T‘:‘“:;’:;iﬁ'r:;" Subzones defined on the basis of geological
concept, and on exploration concerns.

There is no wells drilled in Basin Zones (in

blue). The limit with Platform Zones (in yellow-

brown) is close to the isobath 2000 m.

(each maps)

Surface of in Subzone (in km?)
% of the Total Study Area ("Whole Basin")

ZONE 1
ZONE 3
W ZONE5
W ZONE 6
M ZONE 4
ZONE 2

' veries are in
the Zone




CONCLUSION — ZONE RANKING — GAS VOLUME IN PLACE

ZONE RANKING by GAS volume IN PLACE ZONE RANKING by GAS volume IN PLACE
GRAND TOTAL (unrisked) PER AREA (unrisked)
All Plays (in Tcf) All Plays (in Gcf / km?)

GAS volume in Tcf (surface condition)
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CONCLUSION — ZONE RANKING - OIL VOLUME IN PLACE

ZONE RANKING by OIL volume IN PLACE ZONE RANKING by OIL volume IN PLACE
GRAND TOTAL (unrisked) PER AREA (unrisked)
All Plays (in Tcf) All Plays (in 103 bbl / km?)
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CONCLUSION — Total HC Volume in the Basin

TOTAL GAS volume TOTAL OIL volume
in surface per AREA in surface
(Gef/ km?) (Kbbl / km?)
IN PLACE IN PLACE
UNRISKED UNRISKED

TOTAL GAS volume TOTAL OIL volume

in surface (Tcf) in surface (Mbbl)
IN PLACE IN PLACE
UNRISKED UNRISKED

- All closed structure (4 ways traps) considered, even subtle
ones (in term of closure height, closure area, reservoir
thickness).

- Model rather optimistic in term of source rocks and plays
(5 SRs and 5 potential reservoirs layers).

- "Real reservoir" can be scattered in the play interval, non




Conclusions

e YTF Unrisked of 120 TCF Gas, and 8bn
bbls oll in world scale structures

 Two main source rocks
— Pleinsbachian
— Tithonian
 Three Play Systems
—Jurassic carbonates (reef and oolites)
— Middle and Upper Jurassic Clastics
— Lower Cretaceous delta and turbidites
e Rigorous stratigraphic framework to develop
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