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ABSTRACT

The heterolithic thin-bedded sand and shale are very commonly associated reservoirs column in shallow water clastic depositional
environment in Malaysia Basin. The complexity in reservoirs characterization of heterolithic thin-bedded sand often leads to
underestimating the potential contribution of these types of the reservoir for development and exploration targets. The naturally
laminated of heterolithic thin-bedded sand make it more difficult in building the realistic 3D geological model and has an impact on
volumetric calculation and reserve estimation. This study is applied in the development phase by introducing Log resolution
enhancement methods in laminated thin-bedded sand characterization to quantify the reservoir potential with high-resolution 3D
modelling methods. The quantification of sand and shale in thin bedded analysis using core data and image logs, then transform
into lithofacies classification from sand and shale volume cut-off. The distribution and computation of lithofacies and reservoir
properties build into a 3D model is obtained from a geological depositional environment analog at field-scale of a conventional
setting. The results indicated high-resolution 3D geological modelling successfully preserved the characterization of thin-bedded
sand and shale; and revealed an excellent correlation with the image log. The presence of inter-bedded sand and shale of reservoir
column in the 3D geological model provides the quantification of thin-bedded sand contribution and potential realistic volumetric
estimation for the entire reservoir interval. The thin-bedded reservoir characterization and high-resolution 3D modelling technique
successfully address the existent of heterolithic reservoir facies previously simplified.
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1. Introduction

The heterolithic reservoirs contribution is important to unlock the field potential for development
optimization. Most of the production fields in Malaysia basin and around the globe are from
conventional reservoir associated with heterolithic thin bedded (HTB) [1-6]. Heterolithic Reservoir
description depending on scale of thin bedded, heterogeneous, or laminated pay, which refer to the
formation with two or more sand members that non-communicating, each probably with distinct
relative and specific permeability characteristics as explain by Henderson et al., [7], Kantaatmadja et
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al., [9], Nayagawa et al., [12], Stromberg et al., [15]. The HTB is refer to permeable beds interbedded
with impermeable shales bedded with millimeter (mm) to centimeter (cm) thickness, which is below
standard log resolution and commonly associated with conventional reservoirs. The reservoir
characterization of HTB net pay requires high resolution of data such as cores, image logs, MNR and
other special logs together with conventional logs. The problem in quantifying and evaluating the net
pay in HTB reservoirs still exists till today. The real challenge is to build the realistic 3D geological
modelling for HTB and quantifying the impact on volumetric calculation, reserves estimation and
geological simulation within conventional reservoirs.

The quantification of HTB net pay from thin bedded analysis (TBA) technique using logs resolution
enhancement (LRE) method are requires high resolution of data such as cores, image logs, Nuclear
magnetic resonance (NMR) and other special logs together with conventional logs. According to
Moore [11], Darling and Sneider cited several causes that impact the logging tool to produce low
resistivity reading then normal inside the pay zone beside bed thickness, such as grain size,
mineralogy, structural dip, clay distribution and water salinity. However, the thin beds highly
conductive shale interbedded with thin sand which are below vertical resolution of the logging tool
is the most common cause that create the Low Resistivity Low Contrast (LRLC) inside HTB zone.

The discussion on the potential exploration and production of oil and gas from laminated thin
bedded sand-shale in HTB net pay quantification, which significant impact to the total hydrocarbon
initial in place (HIIP) volume. The other objective is to identify the common procedure towards 3D
modelling process, to reduce uncertainties and to increase the accuracy in HIIP volume estimation
for reservoir simulation and history match.

2. Methodology

This study focused at HTB net pay quantification, the potential in volumetric estimation and
contribution into conventional clastic reservoirs development through 3D modelling and simulation.
The similar scenario for HTB also may exist in carbonate rock and unconventional reservoirs. The Thin
Bedded Analysis (TBA) with logs resolution enhancement (LRE) technique are used for petrophysical
guantification of HTB net pay.

The LRE results with high resolution of properties logs output integrated into high-resolution 3D
geomodelling methods to quantify and estimate the Hydrocarbon (HC) volume and the reservoir
simulation to testing the impact of HTB in conventional system. The review from literature and
historical analogues used to determine the HTB percentages within conventional pay associated with
geological depositional environment (GDE). The distribution and computation of depofacies,
lithofacies, reservoir properties and geobodies parameter in 3D geological model are obtained from
literature review and GDE analogues at field-scale of a conventional setting, based on industry
published data reviewed.

The flowchart (Figure 1) illustrates the 3D static model workflow employed in this study. In
summary, the main process includes data preparation, structural modelling (faults and horizons),
geological 3D gridding, log property up-scaling (“blocking”), facies modelling, petrophysical modelling
and volumetric analysis.
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Fig. 1. The 3D static model workflow used and employed to build high resolution model incorporating the TBA
for heterolithic reservoirs

3. Results

The results indicated high-resolution 3D geological modelling successfully preserved the
characterization of HTB sand and shale, revealed an excellent correlation with the image log
correlated with TBA result. The presence of inter-bedded sand and shale of reservoir column in the
3D geological model provides the quantification of thin-bedded sand contribution and potential
realistic volumetric estimation for the entire reservoir interval.

3.1 Petrophysical Analysis

The complexity in reservoir characterization from petrophysical analysis in respect of HTB net pay
guantification requires signification details and high resolution of data. The TBA improves the total
water saturation (SWT) and net sand property. The results between the conventional and the TBA
are then compared (Figure 2). While improving the SWT of the net sand, the total pore column
thickness is maintained, and additional gain in pore column thickness (PT) or pore volume (PV).

The result from LRE for net-to-gross (NTG), Volume of Sand (Vsand), Volume of Shale (VSH) and
total porosity (PHIT) and permeability in high resolution log (HRL) sampling format (0.2 inch), similar
resolution as the resistivity-based wellbore image log (Figure 3). The use of the upscaled instead of
high-resolution logs as inputs into the modelling should not affect the calculation of the hydrocarbon
in place as the hydrocarbon column thickness between the TBA HRL and the upscaled 0.15 m results
are quite comparable.
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el PT HCPT
SR(6in) HR(0.2in) NetSd (6in) SR(6in) HR(0.2in) NetSd (6in)

Well A 6.76 7 5.54 324 371 3.6
Well B 2.49 2.61 1.65 045 077 0.75
Well C 7.4 7.77 5.61 366 371 3.72
Well D 367 367 2.46 126 112 1.12
Well F 5.63 5.86 4.62 2.76 2.1 2.1
Well G 6.11 6.27 4.59 224 233 2.19
Well H 4.7 4.8 2.89 16 2.12 2.06
e 0 B 277 2.29 2.3
WellJ 3.73 3.81 3.00 121 142 1.41
Well K 3.73 3.73 3.05 191 216 2.15

Fig. 2. The compare the TBA results with the one from the
conventional analysis in term of pore (PT=PHIT*Thickness_TVD)
and hydrocarbon column thickness (HCPT=PHIT* (1-SWT)
*Thickness_TVD)
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Notes:

e SR = standard resolution ® HR = high resolution ® NS = net sand * Ave.

Fig. 3. Log composite (right) show the comparison of Standard
Resolution (SR), High Resolution (HR) and Net Sand (NS) logs

3.2 3D Static Model

The high-resolution 3D geological model (3D Static model) used to estimates the HC volume and
provide the simulation model for production history matching. To preserve the thin bed resolution
and maintain the well statistic, the cell thickness geological grid was refined to a smaller value. The
cell thickness is 0.15 m which is more or less equivalent to the thin bed resolution (Figure 4), however,
the increase in total grid cells will compromise the efficient simulation time.
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Fig. 4. Comparison of high-resolution logs (Raw) and upscaled (Block) in 3D model (left) and PHIT histogram
between Raw and upscaled at 0.15m vertical thickness (right) show at good match
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The workflow applied for 3D property modelling with HR (TBA) and combination of standard
resolution (SR) from conventional analysis is shown as below (Figure 5). The most important step in
thin bed modelling workflow is to relate the thin bed parameter to the existing conventional model.
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Fig. 5. The workflow applied for 3D property modelling with HR (TBA) and combination of standard resolution
(SR) from conventional analysis
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There are four geological grids to be modelled which Net-To-Gross (NTG), Net Porosity (NP), Net
Permeability (K), and Net Water Saturation (SWT). The NTG is more or less a function of an inverse
VSH conventional (NTG = 1 — VSH). The bin method is used to define the rock type or facies as the

base case model and the net permeability (K) was modelled using a porosity-permeability
relationship shown (Figure-6).
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Fig. 6. Using the bin method to classify the rock type from Poro-Vsh relationship (left) and the Poro-
Perm function derived from log relationship

The result of net permeability model calculated using this relationship shown improvement in

connectivity and reservoir capacity significantly, compare with conventional method and eventually
improves the history match (Figure-7).

Conventional Model Thin Bed Model

Conventional Model (Vsh<0.60) Thin Bed Model
* |Improved Permeability in the Net Reservoir layer
* Better |zteral connectivity

Fig. 7. Comparison map of horizontal permeability (Kh) between the
Conventional Model (left) and the improved Thin Bed Model (right)
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The final property model in the thin bed modelling workflow is the water saturation (Sw) where
the same Leverett-J function is applied to the conventional model. Overall, the hydrocarbon pore
volume (HCPV) has improved significantly in the net reservoir layer and introduces better lateral
connectivity, in agreement with the dynamic behaviour (Figure-8).

Conventional Model Thin Bed Model

Net cut-off = Vsh < 0.60 (60%) Thin Bed Model
* Improved HCPV (Net*PHIT*So) in the Net

Reservoir layer
= Better lateral connectivity

Fig. 8. Comparison of HCPV map between the Conventional Model (left) and
Thin Bed Model (right). The Thin Bed Model has improved HCPV in net
reservoir layer and better lateral connectivity

3.3 Dynamic Model Initialization and Validation

The 3D Static and Dynamic model initialization and validation process workflow is shown in Figure
9. No upscaling is applied from high resolution 3D static (0.15m vertically) to Dynamic model.

The first version of Dynamic model run using conventional petrophysical interpretation for
property modelling indicated that insufficient connected STOIIP and permeability-thickness (k-h) in
all wells to match the historical data. However, result from high resolution model with TBA (Figure-
10) showed a good history match obtained without any significant application of local modifiers
around the wells. This further confirmed the underestimation of reservoir properties in thinly bedded
reservoirs.
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Fig. 9. The 3D Static and Dynamic model initialization and validation process workflow
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Fig. 10. Comparison of history match using conventional and Thin Bedded
analysis with high resolution grid shown a better match

3.4 Volumetric and Uncertainty Assessment

The high-resolution 3D model with thin bedded petrophysical analysis provide more accurate
estimation of total HIIP as the contribution from thin bedded reservoirs has provided more volume.
The heterolithic reservoirs modelling with TBA using high resolution model has moved uncertainty
analysis of Best case to the upside potential (Figure 11).
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Fig. 11. The heterolithic reservoirs modelling with TBA using high
resolution model has moved uncertainty analysis of Best case to upside
potential

4. Conclusions

The results indicated high-resolution 3D geological modelling successfully preserved the
characterization of HTB sand and shale, revealed an excellent correlation with the image log
correlated with TBA result. The presence of inter-bedded sand and shale of reservoirs column in the
3D geological model provides the quantification of thin-bedded sand contribution and potential
realistic volumetric estimation for the entire reservoir interval. The thin-bedded reservoir
characterization and high-resolution 3D modelling technique successfully addresses the existent of
heterolithic reservoir facies previously simplified. It is highly recommended in 3D modelling for
heterolithic reservoirs in order to avoid underestimation of rock properties and better reflect the
highly laminated nature of the reservoirs for volumetric evaluation.
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