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Abstract

During the last decade, the Papua New Guinea fold and thrust belt has been the locus of renewed exploration. In that frame, a study of the PNG
petroleum system has been undertaken along a 200 km long transect in the frontal fold and thrust belt, based on a regional balanced cross
section. The scenario integrates the Jurassic rifting and passive margin stage, the uplift related to Coral Sea rifting and the Plio-Pleistocene
shortening, together with a moderate amount of erosion during the Upper Cretaceous (600 to 1300 m), and an early growth of the Hedinia
Anticline. Calibration of the section boundary conditions and properties was done by comparison with data from 7 wells and field data. Apart
from the high pressure trend in the Kutubu structures, all data are accounted for with a good to very good fit, and the modeled section appears
quantitatively predictive. Water flow away from the topographic highs in the pervious Darai carbonates is decoupled from the underlying low
velocity fluid in the leru Shale creating a delay in the pressure equilibrium between the deep escape of the fluids from the highs and the slow
recharge from above.

There are three major pathways for water: (1) topographically driven flow, from the onset of mountain building until present, (2) deep basinal
flux, flowing along the flexed reservoirs at the onset of thrusting, and (3) across fault escape from connected reservoir bodies during late stage
of basement fault inversion. The petroleum system evolution shows that the deep type I11 source rock explains the small extent of its
maturation. Type Il or mixed type I1/11 are used to model the Cretaceous source rock shales. Maturation starts in the Middle Cretaceous,
increases regularly during burial, with a strong increase during the late tectonic burial (50% increase during the last 7 Ma). The saturation
shows three main accumulations: (1) the deep part of the Mubi zone, with vertical migration along faults, (2) the Hedinia Anticline charged



during Orubadi deposition and the Kutubu Anticline charged during Era deposition, and (3) less important, the Darai Plateau, cutoff from
lateral charge by the early growth of the Hedinia Anticline.
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:UB#E Why Basin modelling? For...

....01l Exploration:

¢ ...to Limit risks
= Maturity window
= Pressure estimates
= Accumulation localization

¢ ...to predict products properties
= Composition density, viscosity, gas/oil ratio...

¢ ...to perform volumetric estimates
u Resources/reserves assessments, ...

Lorant, 2010



“UEEE How? Basin modelling...

¢ ... Simulate geologic phenomena, physical and
chemical reactions responsible for basin
evolution

= Deposition and compaction

= Burial and thermal maturation

= Genesis and expulsion of hydrocarbon
= Fluid migration (water, oil, gas)

= Near surface oil alteration

= and now diagenesis

°® ... Global modelling of petroleum system
evolution

® ... Basin scale

Lorant, 2010



---Ulé}.f?g?EE,EEHow to proceed?: Present day workflow

Present day interpretation

Backstripping: peeling the onion
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U Structural complexity, still a challenge

Growth Faults

[ sandyShelf
SandySlope
SandyDeep
ShalyShelf
- ShalySlope
ShalyDeep
ContinentalEnv
- Fluvial Plain
Basement

[ Unknown Facie

Alzaga et al., 2008
Granjeon., 2008

Coupled tectonic and stratigraphic modelling = Need to account for
uaternaryerosion (-0.10 Ma

5 Block kinematic,
folding, offsets;

Erosion,
Sedimentation;

Fault as barrier or
conduits...
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Albouy et al., 2006
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U 1% nitial section building: domain decomposition

Modules definition Module meshwing
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Defines the fundamental kinematic units for calculation

Schneider et al., 2003 No meshing constraints from adjacent blocks
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:UI%E  Backward reconstruction of past stages

2: Sedimentation/Erosion/
Backstripping

3: Kinematic restoration  4: Thickness management

Schneider et al., 2003

1: Initial Section




U E2E  Fault permeability management

2D forward simulator
able to handle evolving
and non conforming
mesh with different
physics in the faults

4 Fault Models:

1. Impervious

2. Pervious

3. K (¢)

4. K (closest neighbors)

Schneider et al., 2003



AU Geologic setting
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Structural zones & section
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=U1ESE Present day section and petroleum systems
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The basin model scenario
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U1 Temperature field versus well data
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Sl P Vitrinite field versus well data
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Pressure calibration: Bujon

Water table level
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el e Pressure calibration: Hedinia3X
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The modelling predicts an 'under-pressurization' below the hydrostatic trend, which
can fit the observed data and aquifer depth.
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n Bf B Pressures along the sections
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=UEEE  Interpretation of pressure data

®* Hydrostatic trend: Foreland, Darai, Iorugabai, Hedinia
and Iagifu

* Shift of 200m to 500m of the vadose zone
= Ceres is water saturated everywhere whereas,

= Karstified carbonate may conduct easily and rapidly water
at depth

®* Underpressurization below the Ieru shales
= Topographically driven flux in the carbonates
= Need for a facies (silt/shale) map for

* Still No overpressurization in Kutubu



U Conclusions:

Stratigraphy Sedimentology
Structural Geology Petrophysics
rBasin simulator I

Basin modeling tools coupled to structural scenarios allow coupling of the
physical and the chemical processes at geological time and at basin scale, within
a realistic structural framework

I 3D Restoration tool I

'

Petroleum System Engineering






