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Session 2: Case Studies

The Finlaggan Field; successful appraisal and development of a complex stratigraphic trap
Peter O'Mara

Study area: Finlaggan Field, northeast of Aberdeen UKCS and southwest of the giant Britannia Field.

*  Various technologies helped to improve the clarity of trap geometry, connectivity of the key reservoir units and the differential depletion of the sands in the
fairway. This include walkaway VSP, GRT processing of the seismic that generated dual azimuth pre SDM volume and inversion, and petrographical studies of
the sands

*  Regional study led to better understanding of the sediment fairway, presence of unconformities and identification of multiple stratigraphic traps with subtle
differences between them, learning that each area is unique

¢ Detailed mapping done within onlapping packages to determine termination style

*  The remapping led to a series of new static and dynamic models and the first production around a month ago shows initial production rates very similar to the
estimate
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Session 2: Case Studies

Developing Near Field Stratigraphic Trap in Matured Producing Field
Aini Ashigin Mohd and Sharon Khor Suyin
Study area: a matured field in Malay Basin and the identified prospects are within Lower Miocene Group |, characterized by complex fluvio-deltaic environment

* Integrated study helped to delineate the stratigraphic elements namely pinchout and facies change; these include using improved seismic imaging, AVO and
DHI analysis, regional and local stratigraphic knowledge. Interesting findings of baffling potential in poor quality facies (shale-filled channel, muddy
interdistributary bay)

*  Leveraging wells with a high probability of success to test riskier traps when in a development scenario

* Improved geological understanding from reprocessed seismic assisted in maturing targeted downdip prospect which encountered sizable hydrocarbon volume

Expect the Unexpected: Lessons from Case Studies in Subtle Stratigraphic Traps
Duncan Barr

*  Few case studies were presented to showcase that the stratigraphic traps can bring us surprises and, it may have different geological characteristic than
expected resulting in misinterpreting the reservoir potential and behavior

*  Examples were given where a turbidite channel on examination with core data was reinterpreted as lowstand shoreface deposit, production data revealed
presence of subtle stratigraphic discontinuity in an otherwise presumed continuous tidal sand, incised valley as deciphered from seismic image turned out to
be possibly much bigger/wider than what was interpreted, decision tree on best practice to develop stratigraphic prospects
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Session 1: Regional Perspectives
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Session 3: Exploration Effort and Risking Best Practice

Stratigraphic Trap Exploration since 2010
Graeme Bagley

¢ Exploration success for clastic stratigraphic traps has improved!
e Commercial success looks quite favourable compared with other trap styles.
e Lower slope appears to be a sweet spot. Same message as in session 1 regional perspective.

e Success similar for both graded slope and ponded slope but volumes in graded slope dominate compared to ponded

A step-change in success rates in finding stratigraphic traps: lessons gleaned from AAPG Giant Fields GIS database, updated to 2021
John Dolson

e Improving the seismic image and robust petroleum systems work has been instrumental in finding those giant trap
¢  The hydrodynamics/pressure is also an important component.

e Stratigraphic traps — 50% combination and only 10% pure stratigraphic
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Session 1: Regional Perspectives

Deep-water stratigraphic to combination traps in conjugate transform margins: lessons from Ghana-CDI and Guyana-Suriname - Bryan Cronin
Exploring Stratigraphic Traps on Carbonate Platform Margins using Targeted Technology Workflow Applications - Stanley Wharton
Stratigraphic play in Sabah Deep water: Where do we Stand? - Satyabrata Nayak

. When interpreting you need experience to find stratigraphic traps. Seismic data needs to be understood and a good understanding of depositional
environments. Linking datasets with experience is very important.

¢ Stratigraphic traps are almost always over risked, relying strictly on conceptual models. Need to integrate all your data first and understand your regional
geologic setting and then investigate analogs. We can use individual elements from outcrop analogs and case studies. Look and focus on specific elements
and compare to what you're looking at. We have not risked stratigraphic traps well as an industry.

= Stratigraphic traps are over-risked on lateral seal, top seal and containment
¢ Rethinking risk- be open-minded and assess stratigraphic traps with as much detail and as with as much integrated datasets as possible
¢ Sealing elements can come in a myriad of forms and characteristics e.g., MTDs

*  Re-evaluating up dip wells with poor/missing or even dry reservoirs, did we miss the better develop sands in a separate compartment. Maybe more sand
prone downdip on the basin flow

*  Applying machine learning or Al to identify possible stratigraphic traps but need to then surgically interrogate the traps and apply the right calibrations and
right aspects of analogues
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Session 3: Exploration Effort and Risking Best Practice

Migration and Charge Risk for Stratigraphic Traps
Zhiyong He

« Significant lateral migration distances to reach stratigraphic traps
e Vertical migration works where there is an underlying structure which focused charge but is then breached
e Source rocks for stratigraphic traps are usually adjacent to the reservoir or within the source rock. Vertical migration without faulting is very hard

e Pore-throat entry pressures related to porosities remain the determining factor of seal effectiveness NOT thickness

Evaluating a Stratigraphic Trap within an Exploration Portfolio
Bala Kunjan

e |t'simportant to consider prospects within the context of an overall drilling campaign and what is the probability of success with that campaign
e Stratigraphic traps are important to have in the portfolio, given big size and associated economic impact

e  The charts presented are examples of useful tools to evaluate risk-reward of stratigraphic traps within an exploration portfolio
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Attending Companies

I.  ExxonMobil 18. PETRONAS

2. BP 19. PlusPetrol

3. Bright Spot Consultants 20. PT Pertamina

4. CERDIT A. PTTEP

3. ConocoPhillips 22, Santos

6. Cue Energy 23. Schlumberger

7. Equinor 24. Sedigon Consultants LLC

8. GeoHawk Consultants 25. Society of Geophysicists (SEG)
9. HilCorp 26. Suncor

i0. Hess 27. TotalEnergies

1. Hunt Oil Company 28. Tullow Oil

12, Imperial College London 28. University of College Dublin
13. Mubadala Petroleum 30. University of Southampton
14.  Murphy il 3l. University of Texas at Austin
15. New European Offshore 32, Ietaware Inc.

I6. Occidental 33. XCalibur MP

17. Parex Resources 34. Zetaware Inc.
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Session 2: Case Studies
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Duncan Barr (Speaker)
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Session 4: Addressing Trap Definition Challenges

Navpreet Singh ¥
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Rijal Anshori (Session Chair)

Navpreet Singh (Session Chair)

Henry Posamentier (Keynote Speaker)
Angus Ferguson (Speaker)
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Mike Mayall (Speaker)

Mark Thompson (Speaker)
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Session 4: Addressing Trap Definition Challenges

Thoughts on stratigraphic traps
Henry Pasamentier

¢ Intimate knowledge of depositional systems is required to leverage context
*  Data quality must be high & exploring for stratigraphic traps in a frontier setting is dangerous
= Stratigraphic traps are rarely purely stratigraphic traps. Often, they are combination or are considered stratigraphic with a ‘structural assist’

*  Often stratigraphic traps with a sub 10% POS but with large upside are not drilled/not preferred by management. Getting management to look beyond this
paradigm is still challenging. Important to re-emphasize the need to integrate high quality data to support assessment and to allow for sufficient time to dive
deeper into the details of how the trap may work

Exploration and Development of Stratigraphic Traps in Clastic Reservoirs: Methods, Models and Evaluation
Angus Ferguson

*  Stratigraphic trap often identified during field appraisal stage
¢ Stratigraphic trap opportunity often opening stratigraphic flank plays on existing structural fields through expanded seismic acquisition

* In amplitude challenged plays with complex depositional settings (e.g., fluvial) start with a grid pattern
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Session 4: Addressing Trap Definition Challenges

Formation of upslope stratigraphic traps in turbidite systems: insights from producing fields, modern sea-floor systems and sediment transport models
Lawrence Amy

*  Steep fine-grained systems, or distal systems offer better trap potential
*  Coarser grade systems less likely to have upslope pinch out

*  Avoid not acquiring seismic data over the updip part of your systems, makes risking near impossible

A systematic workflow for the exploration and evaluation of subtle traps (stratigraphic and regional unconformity plays)
Mark Thompson and Mike Mayall

* Introduce workflow for subtle stratigraphic trap to ensure equitability of ranking

*  Regional context is required to progress stratigraphic trap opportunity and often not carried out as part of the evaluation

*  Trap Domain Map puts stratigraphic traps on a level playing field with structural traps for risking

* Recommend to use DHI only for charge access assessment and avoid to risk trap based on DHI as it could under risk the prospect

¢ Comment from the floor — in general agreement with approach. With proper risk analysis, it is a then a business decision to go after large stratigraphic traps.
The lower the chance of success, the more wells you have to drill and deep pocketed companies or niche exploration companies may have the appetite to
proceed with a higher risk exploration strategy
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Session 5: Innovative Workflows and Emerging Trends
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Session 5: Innovative Workflows and Emerging Trends

Stratigraphic Traps for Carbon Storage: Rethinking Risk and Success
Alex Bump

« Carbon Storage is more forgiving than hydrocarbon exploration; flawed stratigraphic traps work & reservoir heterogeneity works in your favour

* There are advantages to injecting CO2 downdip into often better thicker reservoir, taking advantage of migration losses in what can be increasingly
heterogeneous lithologies updip

* Reservoir heterogeneity slows CO2 migration and leads to a more even sweep of CO2, even with quite small differences in permeability (in cross-bedded
sandstones, for example)

* (02 migration can be slowed down considerably (order of thousands of years); the ultimate trap may not be critical

* While accepting that the regulators will need to know the operator understands how injected CO2 moves through the host reservoir, Alex pointed out it is more
important to monitor the regions where you do not expect the CO2 to go, to ensure there is no leakage in unexpected areas
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Session 5: Innovative Workflows and Emerging Trends

A process-led approach to framing uncertainty and risk in CO2 storage in the subsurface
Simon Shoulders

* Good overview of storage concepts, both in the ultimate trap closure and in the aquifer and the key controls on plume geometry and capacity

* There are a range of CO2 storage mechanisms (from solution to free-phase storage, and diagenetic CO2 absorption), and the trapping mechanism evolves
through time; from early injection of CO2 to post injection

* Discussion of advantages and challenges of both open and closed aquifer systems

+ At BP, failure-mode scenario modelling is undertaken early in the workflow for carbon storage opportunity assessment. (It was noted in discussion it would be
wise to adopt this practice in HC exploration for stratigraphic traps)

+ Monitoring is key in carbon storage projects, to determine the evolving risk and understand potential leakage. There are risks associated with containment,
capacity & injectivity
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Session 5: Innovative Workflows and Emerging Trends

Nested Models — the new basin modeling standard for stratigraphic traps?
Carlos Andres

= Nested high-resolution models within larger simulation models allows the user to vary properties smoothly; particularly good for modelling HC migration into
stratigraphic traps.

* Nested models allow quick refinement of models to address interpretation uncertainty; enabling faster cycle time to test multiple scenarios
* Modelling software can incorporate geomechanical complexity.

+ Nested modelling should be very useful for carbon storage as well as for hydrocarbon exploration.

Stratigraphic forward modeling to seismic forward modeling: An innovative approach in characterizing carbonate reservoirs
Wael Ben Habel

* Process-based forward stratigraphic modelling , incorporating a large range of processes controlling carbonate growth and re-sedimented carbonate facies
+ Model includes rule-based diagenetic modification of reservoir
* Synthetic seismic model generated from resulting integrated porosity model, with full range of elastic properties.

+ Model does not yet integrate geomechanical data; e.g., fractures and faults
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Session 5: Innovative Workflows and Emerging Trends

Forward Stratigraphic Modelling with Onlapse-2D for Reservoir Prediction: Offshore Sureste Basin, Mexico
Donald Christie

* Geometric modelling of clastic deposition, active and pelagic, with real structure growth, in a complex deepwater setting

+ Model input does not require more information than is available to most explorers, and the approach is suitable for areas with low seismic resolution and few
wells

* The model is fast to run, allowing user to investigate multiple models for a given prospect

* 5o far, Onlapse-2D has been applied to minibasins in compressional and salt tectonic settings. Donald is seeking to apply the software in other tectonic regimes,
like rift and post-rift settings
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Technical Insights*

lan Longley — The “risk chasm”
in stratigraphic traps between
mature and frontier areas

lan Longley — Evidence that major
stratigraphic trap discoveries without
amplitude support tend to come in
mature areas, and that amplitude
support is generally an over-rated but
damaging risking tool

Duncan Barr — Taking
conventional core can overturn
depositional interpretation and

thus the whole trap concept

Duncan Barr / Peter O'Mara —
the importance of outcrop,
core and analogues

Henry Posamentier — Data quality must
be high & exploring for stratigraphic
traps in a frontier setting is dangerous!

Stanley Wharton / Peter O’Mara — the
need for “surgical mapping”

Graeme Bagley - Lower slope
appears to be a sweet spot in
turbidite systems

Mark Thompson — Regional to
prospect scale workflow overview
{Regional Setting, Trap Domain
Map, DHI = in that order. [Also, |
highly recommend their class!]

John Dolson - If you have pay, even a
small interval (especially if tight), on
a low relief structure take a closer
look!

Henry Posamentier - stacked pay
can help sell stratigraphic traps

*As paraphrased by Stan Stanbrook (Conference Co-Chair)
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Session 6: Geophysical Approaches

Predicting Carbonate Geomorphology Through Seismic and Velocity Driven Data of an ‘Amalgamated or not?’ Carbonate Prospect in Central Luconia
Danial Hasno

* Recent detailed seismic reprocessing revealed a separate, untested build-up/pinnacle within bigger platform.
* Hypothesis of amalgamated build-up versus isolated build-up
* Perched water in tallus while tallus is in hydraulic communication with the pinnacle indicating sealing potential of clastic sediments surrounding the tallus

* Seismic velocities are a key piece of evidence to support the hypothesis of a tight top and lateral(?) seal for prospect x

The subtle carbonate stratigraphy play: the overlook giant of Central Luconia, NW Borneo
King King Ting

= 3D seismic enables seismic facies analysis of cycle 3 carbonates — mostly banks/patch reef of less than 200m encased in pro-delta shale

* Patch reef areas are relatively small

* Mixed bag of reservoir properties in the few existing well penetrations, better porosity found in mounds

* Many leads in similar settings on delta front

* Seismic inversion and a better understanding of depositional processes (clastics input) contribute to identify better reservoir within a rather heterogeneous reef

* Both cycle 2&3 considered prospective
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Some Philosophical Points*

Bryan Cronin — ‘granularity’ (non-
binary view) of trapping elements in
slope systems (8-point check-list)

Lawrence Amy — avoid not
acquiring seismic data over the
updip part of your systems, makes
risking near impossible

Henry Posamentier — it pays to
be honest with management,
show everything you know and
that you don’t know, assemble
all the evidence - establish
credibility

Duncan Barr — That
geoscientists must be
allowed to change their
minds

Henry Posamentier — Intimate
knowledge of depositional
systems is required to leverage
context

Henry Posamentier & Mike Mayall -
Informing / educating the decision
makers is part of the journey

*#s paraphrased by Stan Stanbrook (Conferenc
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Firman Kurniawan (Session Chair)
lan Rindschwentner (Session Chair)
Daniel Hasno (Speaker)

Joseph Reilly (Speaker)

Adi Widyantoro (Speaker)

Marks Sams (Speaker)
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Don’t forget to complete the
virtual workshop Survey! The
link will be shared with the
attendees after the workshop

Session 6: Geophysical Approaches

Resolution enabling the exploration and development of stratigraphic traps
Joseph Reilly

= Talk on data confidence — resolution and data fidelity, factors that determine bandwidth extension, subjective decision making

* 3D seismic has been a game changer for development of giant stratigraphic traps but not so much in the exploration; giant discoveries largely made on 2D data
* Increasing resolution remains a challenging task and requires further research

¢ Interpreter might decide on frequency boost for higher visual resolution at the expense of noise boosting

*  Higher resolution required to place wells in complex depositional systems such as the Guyana fields

= Many remaining opportunities to improve seismic data acquisition and processing

Practical Insight from the Banggai Basin Lower Slope Channel Forward Modeling
Adi Widyantoro

¢ Seismic forward modelling of lower slope channel
¢ Modelling provides insights on resource range
*  Many uncertainties regarding reservoir properties, in particular N/G distribution, remain

¢ Observed amplitude shut-off could be GWC or facies change
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Removing lithology to show the fluids through seismic inversion
Mark Sams

*  Bulk modulus better fluid indicator in theory
* Not straightforward due to complex relationships and imperfect seismic data, e.g., noise

+ Example of successful fluid indication from bulk modulus

General Takeaway from Session 6:

* Geometric patterns of stratigraphic traps generally difficult to image with seismic due to limited resolution. However, geologic concepts can be tested and to
some degree constrained with different seismic data sets and seismic forward as well as inverse modelling techniques

* Big discoveries were initially identified on 2D seismic data and subsequently de-risked and developed with 3D seismic data. This shows that key patterns are
detectable on 2D but remain very risky until supported by a 3D dataset

*  Addressing reservoir quality concerns is ancther key demand from seismic data for both clastic and carbonate stratigraphic traps. This is generally the main
reason for seismic inversion and forward modelling studies
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