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Abstract

In the last decade, the construction of 3D static models for oil and gas fields became a routine practice. The availability of specially designed
software such as Schlumberger Petrel "™ provided elaborate interface and algorithms for conducting such tasks in timely fashion. The benefits
of having a realistic 3D static model are related to the opportunity to integrate all available geological, geophysical and reservoir engineering
data in a single model. Such a model can be constantly updated and fine-tuned using fresh field data and provides the means for intelligent
reservoir management. The ultimate goal of intelligent reservoir management is to maximize the economical extraction of the hydrocarbons.
The robust 3D static model provides for quick update of the commercial hydrocarbon reserves. Those reserves are often necessary to report
regularly to the shareholders, and creditors of the oil and gas companies. Finally, when the operator of an oil field is planning enhanced oil
recovery (EOR) it is necessary to design such works with a clear understanding of the geometry, pore volume, saturation and permeability of
the oil reservoirs/flow units. Such understanding can be obtained and visualized from the 3D static model and subsequent EOR works can be
designed with reasonable expectation for success.

The above statements were the bases for the creation of the 3D static model for Meruap Field - a mature clastic field in Central Sumatra,
Indonesia. The field belongs to the Indonesian National Oil company PERTAMINA and is operated by Samudra Energy. It was discovered by
British Petroleum in 1974 with the drilling of well M-1, which penetrated a Miocene anticline structure identified by a 2D seismic survey.
Subsequent drilling of delineation wells M-2, M3 and M-6 confirmed the presence of oil accumulation in 20 zones with total gross thickness
of about 2000 feet and total area of the closure of about 5 km?. The anticlinal structure is bounded on the east and south with two almost
perpendicular faults. Numerous smaller branching faults are splitting the reservoirs into different compartments. All reservoirs are associated
with the Miocene age Air Benekat Formation which is represented by fluvial delta/prodelta clastics amalgamated with abundant
volcanoiclastics.



The commercial development of the field started in 1995, and by 2010 about 40 wells had been drilled and completed. By that time those wells
had extracted about 9 million barrels of oil. Most of the producing wells were perforated and commingled in various reservoirs based on well
logs analyses. As of today there are 68 wells drilled in the field and the total extracted oil amounts to about 17 million barrels.

In 2011 Samudra Energy decided to create a 3D geo-cellular static model for the Meruap Field in order to: (1) update the field reserves, (2)
optimize the infield drilling, and (3) to conduct pressure maintenance by water injection and possible chemical flooding. Two of the existing
wells were already injecting water into the reservoirs but the pressure response from the surrounding wells was somewhat erratic and the
operator needed a robust model for optimizing the pressure maintenance water flooding.

In the next 4 years different editions of 3D static models were constructed, sometimes by inviting third parties. Those models were used
primarily to make assessment of the initial and remaining oil and gas reserves. The latest model was constructed in 2015 by Samudra’s in-
house geo-science team and our presentation will focus on that.

This presentation will discuss the challenges faced by the geo-modelers during the building of the Meruap geo-cellular model. It will also share
our experiences and the unique solutions applied by Samudra geo-science team during the modeling journey.

The challenges are related to:

1. Depositional model for the Meruap reservoirs - it is understood that the Meruap reservoirs and the interbedded seal rocks are forming
the depositional cake which is a product of uninterrupted sequential deposition during Miocene in shallow marine and terrestrial deltaic
sediments. The depositional history includes episodes of major volcanic eruption and in-situ rapid deposition of volcanic ash and pyroclastics.
Regardless of relatively close proximity of the Meruap wells for some of the reservoirs, the correlation of the flow units is challenging and the
lateral continuity is uncertain. The available 3D seismic survey was not able to provide recognition of the depositional patterns and depositional
trends due to the low vertical resolution and high attenuation of the seismic signals by the gas cups, interbedded shales and volcanic tuff.
Therefore, image training and object modeling were not attempted and the priority was given to the stochastic modeling of the facies with the
use of variograms.

2. The saturation model has been build based on the John Leveret J Function and the concept of the equilibrium between the capillary
pressure and buoyancy force. Buoyancy force has been calculated based on the height of the oil and gas columns from the free-water level
(FWL) and taking into consideration the gravity of the hydrocarbons and formation water. The special core analyses conducted on 22 core
plugs taken from three wells have been used to construct the J Function. The biggest challenge during the building of the saturation model is
the determination of the FWL. Only a few wells have indicated clear water bearing zones. By comparing the water saturation (Sw) predicted by
the saturation model and the Sw calculated by the conventional log analyses, adjustment of the FWL for different reservoirs have been applied.

3. The recognition of the pay zones by traditional log analyses is very difficult due to the presence of high resistivity pyroclastics
(consisting of high resistivity volcanic glass). They are contributing to high resistivity readings of the Deep Lateral Logs. In addition, the



presence of meteoric water with low salinity in the Air Benekat reservoirs are contributing to the high resistivity readings, especially in the
shallower reservoirs. Therefore a resistivity property has been introduced in the model which has been distributed by co-Kriging with the Sw
generated by the saturation model . This resistivity property has been used as additional criteria for the determination of the net thickness in
each reservoir.

4. Individual Net-to-Gross (NTG) equation was designed for each zone based on the porosity, Sw and resistivity cut-offs. The well testing
results were considered to be the ultimate Quality Control for the model. If the well testing is reporting influx of water but the 3D model
(including the conventional log analyses) is predicting the presence of oil, an adjustment was made to the cut-offs for the NTG in such a way
that the modeled NTG fully agrees with the well testing results. If the cement bond is reasonable, the actual formation influx during the well
testing is assumed to reflect the actual saturation of the particular reservoir/flow units.

We believe that we found reasonable solutions to the above challenges during our work for the construction of the Meruap Field 3D Static
model. The current model provides for the reasonable calculation of the initial original oil and gas in place. Currently the model is undergoing
Dynamic modeling for the first priority reservoir candidates for EOR. Our approach and solutions can be applied to similar oil and gas fields
where volcanoclastics are present.
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Presenter’s notes: Welcome everybody to our presentation. I am homered to make this presentation on behalf of my co-authors. We want to share with you some of our experience obtained during the construction
of the Petrel Geo-cellular Geological model for a mature oil field in the island of Sumatra, Indonesia. The field is called Meruap, belongs to Pertamina and is operated by Samudra Energy. The oil has been
discovered in multi-layered Miocene reservoirs heavily influenced by cyclic volcanic activity. It was discovered by BP in 1973 and was put on production in 1985. Today there are 72 wells in the field and so far
about 17 million bbl of oil have been extracted. The picture of the background is giving you a hint about the volcanic activity during the deposition of Meruap reservoirs. Itis showing the recent eruption of
Sinabung volcano in North Sumatra which produced a dramatic pyroclastic flow . In the next few slides we will provide you with some information about the regional geology of the field.



Regional geology
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Geographical location of Indonesia (highlighted in green) showing present
day tectonic boundaries and volcanic activities (Hall, 2009)

Presenter’s notes: This map is showing the area of Indonesia with major tectonic boundaries and volcanic activities depicted with black cones. Essentially Indonesia is a product of plate tectonics. The most
prominent feature is the Sunda trench which marks the subduction of the Indian Ocean Plate beneath the Sunda Plate to the NE The Volcanic arch extending for more than 2000 km and is a direct consequence of
subduction.
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Regional stratigraphy of the outcrops in Indonesia (Darman 2015)

Presenter’s notes: Previous and current volcanic activity generated enormous volumes of volcanic rock which is dominating the landscape and the outcrops in the islands of Sumatra and Jawa.



Regional geology

General diagram of an oceanic subduction
zone (From online Study.com)

Tectonic base map of the Sumatra subduction zone showing
annual rate of subduction of the Indian plate beneath the Sunda

plate (From USGS earthquake Summary poster). :

Presenter’s notes: Here we remind you the general schematic of the oceanic subduction zone. The Currently the Indian Plate is subducting with a speed of about 65 mm per year. If we project this speed back to the
beginning of the Miocene 23 million years ago we are getting horizontal displacement of about 1500 km. This is just an assumption since we do not know the actual speeds for subduction in the past.
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Brief overview of volcaniclastics

Eruption Cloud Prevaiing Wind

Ash (Tephra) Fall Eruption Column
Landsiide

Acid Rain (Debris Avalanche)

| Pyroclastic Flow

Pyroclastic Flow

Lshar (Mud of Debris Flow)

Mount Kerinci — a stratovolcano with
height of 3805m and located 177 km
west from Meruap field (from
Panoramio)

Main features of the Volcano (from USGS)

Presenter’s notes: Volcaniclastic sediments are product of the volcanic eruptions. They are divided into autoclastic, pyroclastic, and epiclastic types. For the understanding of Meruap reservoirs we are mostly
interested from the pyroclastic and epiclastic types. The pyroclastic can be the volcanic ash from the eruption cloud to pyroclastic flow containing fragments produced by volcanic explosion. Their deposition
happens shortly after the actual volcanic eruption. The epiclastic volcanic rocks contain fragments produced by weathering and erosion of solidified or lithified volcanic rocks of any type. During the cycle of high
volcanic activity the pyroclastics are dominating the sedimentation process with brief but very intensive precipitation. During the low cycle of volcanic activity the epiclastic volcanic rocks are deposited by the
processes of normal erosion and transportation. On the right picture you can see the Kerinci volcano located 177 km west from Meruap Field. Those types of stratovolcano are built very rapidly sometimes, only
within a few hundred years and reach significant height. Their erosion is also very rapid especially in the tropical country.
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Regional geology

Satellite image from 560km of the Location of Meruap field (From Google
Earth). Distances to the contemporary Vulcanes to the SW are 80-170 km.

Presenter’s notes: Here is the regional view of the location of Meruap Field. Currently a number of stratovolcanos are located South and SW from the field. The erosion of those volcanos are providing the main
source of contemporary sediments for the lowlands to the north and northeast. The field is located in the center of Palembang Sub-Basin where the sedimentary thickness is reaching 5 km over a Mesozoic basement.
The sedimentation regime was more or less similar for the Miocene time.



e )

The Meruap Field
(view from above)

View of Meruap field from 7.5 km. Average elevation is 80 m above SL. Size of
the field is about 6 km?.

Presenter’s notes: Finally getting close to the field — this is a picture depicting the Meruap well pad location and the town of Sarolangun to the west. The size of the field is about 8 km2.



Regional geology
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Presenter’s notes: The reservoirs in Meruap Field are associated with Air Benekat Formation clastic sequence of Early and Middle Miocene age. The source rocks are the fluvial and marine shales of Eocene and
Oligocene age which are currently in the oil window. The migration of the HC is assisted by a number of compressional faults. The Air Benekat is a fluvial deltaic/shallow marine clastic sequence composed of
epiclastic volcanic sandstones interbedded with shale and devitrified tuffs. The tuffs are the product of pyroclastic sedimentation.



Presenter’s notes: This picture is showing the tidal dominated flats of the Frazer river delta in Vancouver, Canada. Similar depositional environment is envision for the Air Benekat sequence in the area of the field.



Depositional Environment for Air Benekat
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General understanding of the deltaic/shallow

3 G2 X Thin sections of the conglomeratic
marine depositional environment

volcanic sandstone at 2868.5ft in
well M-64

Presenter’s notes: In 2012 an extended study based on micropaleontology confirmed the deltaic/shallow marine sedimentation environment for Air Benekat. The cored intervals also confirmed that the Air Benekat
has estuary to shallow marine origin with fluvial dominated sands, tidal flat sands and clays, lagoonal clays and shoreface shallow marine sands and clays. The sandstones are epiclastic volcanoclastic sediments.
The volcanic fragments are often represented by devitrified volcanic glass. Those fragments are with high resistivity and their concentrations affecting the resistivity readings of the reservoir rock.
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Regional Paleogeography for Air Benekat deposition

Presenter’s notes: Regional paleogeography for the Air Benekat deposition is showing that the field is located in deltaic/sallow marine environment in the vicinity of volcanic mountains to the SW. The field is
located in Palembang Sub-Basin where the sedimentary thickness is reaching 5 km over a Mesozoic basement.
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Meruap Structure

Depth Structure map of the Top of AB2-e — from interpretation of 3D seismic
survey

Presenter’s notes: And now we will concentrate on the actual 3D model. The Meruap structure is a conform W-E elongated anticline bounded by two major intersecting faults with N-S and W-E direction.
Originally the structure was detected with a 2D seismic survey conducted by BP in the early seventies which prompted the drilling of well M-1 in 1973 . This well discovered 700 meter of multilayered oil bearing
Air Benekat. 3D seismic survey was conducted in 2007 and the map above depict the Seismic depth structure map for AB2-e layer based on the 3D seismic interpretation. For the construction of the structural model
we used the well formation tops delivered from the well correlation and seismic structure maps as trend surfaces.



Structure map of the AB7 with faults surfaces as interpreted in the 3D seismic cube

Presenter’s notes: The AB7 is the lower most Air Benekat reservoir and here we are showing the fault configuration as established by the seismic. A total of 6 compartments have been identified. We suspect that
some of those compartments are further complicated by minor faults which can not be detected by the seismic interpretation.



Meruap Structure

View from the South of the Tops of AB1-b, AB4-b and AB5-d

Presenter’s notes: This slide clearly depict the conform character of the Meruap reservoirs. The amplitude of the anticline is decreasing gradually towards the upper horizons.



Meruap Structure
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Structure map of the AB1-a top showing two perpendicular well cross-sections in the
crest of the structure

Presenter’s notes: We are showing this map so you can see the well cross sections, which will be discussed in the following slides. On this map we can show you the discovery well M-1 and the first delineation
wells M-2, M3, M4 and M6.



{Merusp intersection West-East _

Well cross-section of Air Benekat along A-A

Presenter’s notes: The zonation of the Meruap along well cross section A-A from west to east direction. Notice the conform layering of the different zones.




Meruap Intersection North South

Well cross-section of Air Benekat along B-B

Presenter’s notes: The zonation of the Meruap along well cross section B-B from the north to south direction.



Meruap well correlation
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North- South well cross-section showing the correlation of the different zones

Presenter’s notes: The correlation of the fluvial volcanoclastic is difficult. The facies and the log signatures can change rapidly within a short distance. Here we are showing the upper and bottom portion of the logs
used for correlation along A-A line. We started with processing the logs using conventional petrophysics so we obtained PHIE and BVW, Three simple facies were generated based on the porosity cut-offs. The
conform character of the sedimentation was used to assign formation tops for the wells which did not penetrate the whole cake. The high GR is associated with cyclical volcanic activity which deposited in situ
enormous amount of tuff and volcanic ash enriched in potassium. Later during the diagenesis those sediments were converted mainly into clays.



Meruap formation water salinity
ield Measurement Lab Measurement Zul Measurement
No. Total
c- Dissolved| c- References Remarks Cl- (ppm) References
Solids
1 AB1-b 5567 3378 M-4222? - 1000 M-42
2 ABl-a 1500 M-2,M-44 6875 4172 M-44 - 3800 M-44
6670 4047 M-12 -
3 AB2-b 2500 M-22 10273 6234 M-51 - 3250 M-51
B AB2-a 4000 M-14 - 3100 M-14
5 AB3-a -
6 AB4-b 4000 M-5, -31,-35 - 3000 M-31
7 AB4-a 3000 M-19 - 3000 M-19
ABS-d 3990 2421 M-06 - 3000 M-27
8 7620 4624 M-22 Comm.5d,5¢
7460 4527 M-24 Comm.5d,S¢
8 ABS-c 2000 M-22,-40,-45| 8010 4860 M-09 Comm. 5a,5b,5¢ 3600 M-10
9 ABS-b 1600 M-21 5210 371 M-16 Comm. 5¢,5b 2150 M-09
(suspect 5a
10 ABS-a 2000 M-9 3888 cause 2a
5270 M-11 /!
11 AB6-b 2000 M-26 -
12 AB6-a -
13 AB6-d - m M-48
14 AB7 -

Presenter’s notes: The formation water salinity in Meruap is relatively low. This brings challenges for the petrophysical interpretation, especially for the upper horizons where salinity is reaching less than 2g/l. The
fresh water is indicator of influence of meteoric water. Also the partial biodegradation of the oil in some of the upper zones also suggest influence of meteoric water.
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Meruap property modeling

« Six properties have been modeled in particular order for each cell:
- Lithology (based on simple 3 facies model)

- Effective porosity (PHIE)

- Permeability (Kwr)

- Sw saturation - based on Height above FWL and the results from
Special Core Analyses

- Deep Resistivit (R-deep) — modeled in conjunction with Sw
- NTG — net to gross ratio

* Based on well testing and log analyses for each zone and segment the
free water level (FWL) has been estimated.




ol

Example for the modeling parameters for the facies distribution and

the final resulting distribution
21

Presenter’s notes: The body size and orientation have been obtained by the data analyses for each zone and the general understanding for the geometry of tide dominated delta facies



Distribution of the porosity and
permeability
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Presenter’s notes: The permeability was obtained by conventional petrophysics using Willy -Rose equation in each well. Later it was distributed in the 3D space by using Porosity as a secondary variable.



Assigning of WOC for 3P case
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The contacts are selected based on well testing and log
analyses. For some zones the 3P contacts are estimated.

Presenter’s notes: Here is the table showing the WOC for the 3P case {equivalent to the FWL} determined in each zone for each segments.
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Meruap Free Water Levels

Meruap Intersection North South N

The FWL along B-B. It is assumed to correspond to the WOC
for the 3P case

Presenter’s notes: B-B intersection showing the FWL elevation for all zones.



Building of the saturation model

J as function of Sw
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Presenter’s notes: Here we are showing the data used for generationg J-Leveret function. The J function was build using low speed centrifuge capillary pressure for 21 core plugs from 3 wells. Not all zones are
covered with SCAL but it was assumed that the obtained J-Sw function will be acceptable for all reservoirs.
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Presenter’s notes: In each cell the J has been calculated by J Leveret equation and Sw has been calculated and conditioned using the Sw = f(J) equation from the SCAL




Distribution of the Deep Resistivity

Collocated co-kriging with Sw was used to guide the R-
deep distribution

Presenter’s notes: Distribution of the R-deep has been conducted with collocated co-Kriging with negative coefficient assuming that with less Sw the resistivity will increase.
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Presenter’s notes: For each zone specific cut-offs have been designed in order to have agreement between the testing results and the NTG. The PHIE cut-off is 9% the Sw cut-off is from 0.65 to 0.75, the R-deep cut
offs is from 4 to 8 ohm_m.



Meruap NTG distribution
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Presenter’s notes: Bellow the FWL no NTG has been distributed since the Sw is 100%.




QC for the NTG distribution
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Example of good match of the well testing results and NTG

Presenter’s notes: After the generation of the NTG property it is necessary to conduct QC of the NTG against the perforated intervals in each well. The goal is to make sure that the NTG is 1 against proven oil influx
and 0 against proven water influx. Bypassed zones can be easily noticed when the NTG agrees with the testing.
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Calculation of the OOIP and GIIP
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The OOIP and GIIP calculated for the 3P case

Presenter’s notes: This is the final volumetric calculation table for the 3P case. The OOIP of the field is about 107 million bbl.



oo Frmerncs oo BOVVIN Lo Spemiber 106
Gt Emmrcses o 5 Caveim Mrin

Conclusions

1. The 3D seismic interpretation provided reasonable information
only for identifying the trend seismic surfaces and the major
faults in Meruap.

2. The distribution of the property in the 3D space has been done by
using well log data and the understanding of the depositional
environment

3. The prediction of the volcanic pyroclastic concentration in the
reservoir is done by using a new property -R-deep, which has been
distributed in the Meruap 3D space.

4. Specific cut-offs for PHIE, Kwr, R-deep and Sw have been designed
for each zone /segment in order to generate NTG which is in
agreement with the well testing data.

Presenter’s notes: The seismic resolution was not sufficient to attempt the mapping of the individual flow units or to provide depositional patterns for the image training. Reasons — difficult surface conditions
(unconsolidated quaternary sands, presence of gas cups).
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Special thanks to Samudra Energy, Pertamina and MiGas for allowing uste

use the geological/technical information for Meruap Field.
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