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ABSTRACT 

There are two mam objectives of this study; first is to model two reservOirs of 

Samarang Field using RMS software version 8.1.1 and serves as the work platform of 

dynamic modeling later on. Secondly is to calculate its Initial Hydrocarbon In Place to 

have an idea of the remaining quantity potential left in the reservoirs. In order to 

characterize the reservoir, geostatistic methods were used such as numerical detailed 

reservoir description, 3D geological reservoir static modeling and dynamic 

simulations. These techniques indeed make possible to simulate the reservoir internal 

heterogeneity by respecting the well data and by offering the possibility to integrate 

the seismic, production data and moreover allows associating with the uncertainty 

result obtained. The work methodology consist of the following main steps started 

from database building and quality control, building structural framework, 

stratigraphic modeling, facies modeling, petrophysical modeling and volumetric. The 

main result of this study is approximately coherent with the result of dynamic 

synthesis in this case calculation of material balance which has done independently. 
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CHAPTER I 

INTRODUCTION 

1.1 OBJECTIVE 

This study is called 3D Geological Modeling of Reservoir X andY of Samarang Field, 

Sabah, Malaysia, which serve as the final individual project in the final stage of 

Master of Petroleum Geoscience of Universiti Teknologi Petronas (UTP) 

collaborating with the Institute France de Patrole (IFP). 

There are two main objectives of this study; first is to model two reservOirs of 

Samarang Field using RMS software version 8.1.1 and serves as the work platform of 

dynamic modeling later on. Secondly is to calculate its Initial Hydrocarbon In Place 

and to have an idea of the remaining quantity potential left in the reservoirs. 

The work methodology consist of the following main steps started from database 

building and quality control, building structural framework, stratigraphic modeling, 

facies modeling, petrophysical modeling and volumetric (see appendices I for the 

Modeling Workflow). Volumetric calculation using deterministic technique has been 

done in manner effective, quick and reliable. With the volumetric option available 

inside RMS, it is possible to calculate the following defined volumes which are; bulk 

volume, net volume, pore volume, hydrocarbon pore volume (HCPV) and Original 

Hydrocarbon In Place. 

IRAP-RMS 8.1.1 which is used widely in this project is a 3D modeling software made 

by Roxar which is recognized for its leading reservoir modeling application and 
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simulation products which enables multidisciplinary term to derive more information 

from expensive collected data and therefore offer better decision in a smaller amount 

of time. 

1.2 ABOUT THIS REPORT 

This report manifests an intensive work during 5 months at Reservoir Geoscience 

Department, Exploration Division, Petronas Carigali Sdn Bhd.(XRG, XD, PCSB). All 

the work has been done here at Level II, Tower 2, Petronas Twin Tower, Kuala 

Lumpur City Center, Kuala Lumpur. 

Even though the result is not yet optimum, it serves as for PETRONAS to compare 

the result with the previous study of the same reservoir in Samarang Field. It also 

serve as PETRONAS to integrate different interpretation result to create 3D reservoir 

modeling of Samarang Field which will be brought into play as work platform of 

dynamic synthesis. 

It begin with description of General Geology of Samarang Field, continues with its 

brief production history and will ended by discussion over stochastic and 

deterministic reservoir modeling and its impact to !HIP calculation. 

Confidential and detailed explanation have been removed and modified. 
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CHAPTER2 

SAMARANG FIELD OVERVIEW 

2.0 SAMARANG FIELD OVERVIEW 

The Samarang Field is located 49 krn northwest of Labuan, sub block 6S-18, in the 

Eastern Baram Delta province, West of the Morris Fault as shown in Figure I. The 

Morris growth constitutes a dramatic accident that delimits two provinces with distinct 

sedimentologic and tectonic history. The area, East of the Morris fault, is affected by a 

series of uplifting episodes followed by erosional stages and sediments are mainly of 

Early Miocene age. The Samarang area, West of the Morris fault, is covered by younger 

sediments ranging from Middle Miocene to Pliocene and has been little affected by 

compression. 

The Field was discovered in 1972, and commercially production started in mid-1975. 

There are total of 139 wells in the field on seven platforms in water depths ranging from 

60 ft. to 160 ft. The field covers an area of roughly 7 krn by 2 krn. 
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2.1 STRUCTURAL TREND OF SAMARANG FIELD 

The Samarang structure is an elongated anticlinal feature measuring 7 km x 2 km, 

trending in a NNE-SSW direction, bounded to the east by the Samarang Boundary 

Fault. In general, the structure was initially affected by delta tectonics and was later 

modified by uplifting and faulting. 

There are four main structural areas: Northern Culmination, Central Collapse, a small 

East Flank, and the larger West Flank as shown in Figure I. Most of the production 

comes from the West Flank, where about 90% of the wells have been completed. 

Numerous NNE-SSW trending normal antithetic faults and subsidiary faults dissect the 

structure especially in the crestal area and the west flank whereas the normal synthetic 

faults are common on the east flank. 

Structurally, three distinct structural units may be identified. 

1. Gently dipping (2°- I 0°) structurally simple and relatively undisturbed west 

flank 

11. Structurally complicated northern plunge with severe faulting 

111. Collapsed and tectonically highly disturbed and faulted crestal area and 

relatively steeply dipping (10°- 40°) east flank 

Pressure data and Fault Seal Analysis suggest that most faults are only partially sealing 
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2.2 REGIONAL STRATIGRAPHY 

The stratigraphic sequence in the Samarang field is from Late Miocene to Early 

Pliocene (Stage IV C to stage IV F) which is the major hydrocarbon bearing sequence 

range from stage IV C to stage IV E overlying the Shallow Regional Unconformity 

(SRU) as shown in Figure 3. 

The reservoir sands consist mainly of an alternating sequence of sand, clay and silt 

ranging in thickness from less 10ft to a maximum of some 140ft. The reservoir sands 

are areally extensive sheet sands resulting from lateral migration of sub-marine sand 

bars. 

Three cores have been taken in wells SM-1, SM-3 and SM-14STI. The reservOir 

succession may be generally sub-divided into 4 main groups as follows: 

1. The Shallow Series- from surface to I reservoirs (O'ss- 4500' ss) 

n. The Intermediate Series - from J reservoir to L reservOirs ( 4500'ss to 

6000'ss) 

111. The Deep Series - from the X reservoirs to SRU i.e. X to Z7.0 reservoir 

(6000'ss to 7500'ss). This is the zone of interest of this study 

IV. The Sub-Unconformity Series - from below the SRU i.e. Q8.0 to S reservoir 

( 7500'ss and below) 

The area of interest is the Late Miocene shallow manne section (The Deep Series 

group), which shows repeated progradation and retrogradation within a maJor 

regressive clastic wedge that was building towards the NW. Samarang reservoirs are 

between 1500'-8000' (MD) of late Miocene age, representing the clastic sediment of 

Shell Stage IV C, D and E (Figure 4). The individual Samarang reservoirs are 

interpreted as representing the repeated build out and gradual retreat of wave/storm 

dominated sand bodies representing upper to lower shoreface and the offshore transition 

environment of deposition accumulating in a coastal to inner shelf environment 

marginal to the Paleo East Baram Delta. This is generally true for most of the intervals 

studied. However, significant deviation was observed in several reservoir levels where 
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shore normal deltaic and estuarine sand bodies identified from the present study. The 

reservoirs that were investigated for the present study are two stacked sandstone 

sequences units M and N in the deep series. Individual reservoirs are subdivided into 

layers namely Xl.O, X2.0, X3.0, X4.0, X4.5, X5.0, X5.5, X6.0, X7.0 and Yl.O. 

t 

! 
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Figure 1. Study area of Sarna rang Field, Sa bah, Malaysia 
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2.3 DEPOSITIONAL ENVIRONMENT 

From the previous study, the analysis of cores taken in well SM-3, the sands are 

interpreted to be deposited in a wave storm dominated shoreface with tide influenced 

estuary, initially as large low-relief sand bars which were later formed as areally 

extensive sheet sands by lateral migration (see appendices 2 for Conceptual 

Depositional Model). 

During the major sedimentation process, these sand bars were believed to have been 

associated with storm. Those sediments eroded during storms from the foreshore were 

re-deposited in deeper waters. Burrowing organisms were abundant in the bars and the 

original bedding was effaced. Highly bioturbated sands were deposited in very shallow 

water. 

Lateral migration of sand bars produced areally and laterally extensive sand sheets and 

coarsening-up unit. The bars were probably aligned sub-parallel to the coast line and 

were most likely migrated towards the sea and along the coast by currents caused by 

storms. Fine grained sediments and organic debris were believed to have been deposited 

between the bars. 

The thickness of sediments were controlled by subsidence rate, water depth and 

sediment influx. Minor trangressive and regressive phases were also evident. Areally 

extensive sheet sands are intercalated with areally extensive shale or clay and its display 

a good correlation. 

The presence of these shales in between the sands may play a major role in reservoir 

performance. The sediments thicken toward off structure to the north, south and also the 

east towards the boundary fault whereas the sequence thinning towards the west i.e. 

down flank. 

The deep reservoir series which are the main zone of interest for this study comprise of 

X reservoir to Shallow Regional Unconformity and consist mainly of moderately to 

well consolidated, medium to very fine-grained, moderately to poorly sorted (Q sands) 

sand/sandstones with shale and silt interbeds, the thickness vary from 20 ft to 80ft. The 

mean gross thickness from Top X 1.0 to Top Z 1.0 is around 740 ft 
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The deep reservoir is believed to be deposited in shallow water depths. Porosities in the 

deep reservoirs are 22% to 26% and the permeabilities vary from 500 mD to 40. 

Massive sand I, 2 and laminated sands characterize wave storm dominated shoreface 

and estuarine deposits. HCS sands indicate lower shoreface, parallel laminated to 

tabular cross laminated sands indicate upper shoreface. 

Shoreface, offshore transition, and offshore shelfal deposits are characterized by 

specific assemblage of ichnospecies namely Skolithos. Cruziana, and Zoophycos 

ichnofacies from shallow to deeper end in a distal direction. 

Cross bedded sandstones represent estuarine channelized and sandbar deposits in X 1.0. 

2.4 PETROLEUM SYSTEM 

The oil is typically land plant derived and is believed to have migrated into the structure 

from a "kitchen area" at downflank to the west outside the Samarang Field area. 

Hydrocarbons are trapped in the stacked sand bodies mostly separated by sealing shale. 

The uplifting process during the formation of the present Samarang structure seems to 

be differential and the uplift was more in the central and in the south area resulting in 

the formation of culmination in those two areas. The culmination in the central area is 

significant in the deeper X-Q sand level whereas the culmination in the south area is 

significant in the shallow sand level. 
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2.5 BRIEF PRODUCTION HISTORY 

A total of 165 to total string available and until today 57 were still producing. 40 of it 

are idle not depleted and 68 of it idle depleted, The Original Oil In Place (001) is 964 

MMSTB and the cumulative oil production is about 401.9 MMSTB or about 41% of 

Stock Tank Oil Initial In Place (STOUP). For the Gas Initial In Place (GIIP) the 

cumulative gas production is about 551 Bscf of about 51.7% of GIIP. The historical 

production from June 1975 to June 05 is shown in Figure 5. The average water cut for 

this field is around 75%. Generally 90% of the STOOIP is actually come from the west 

flank. 
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CHAPTER3 

METHODOLOGY 

3.1 DATABASE BUILDING AND QUALITY CONTROL 

For the database building and Quality Control the following methodology or steps were 

applied: 

1. Unit Set Selector 

11. Stratigraphic Framework 

111. Import Horizons Data 

1v. Log Conversion 

v. Import Well Pick 

vt. Import the isochore surfaces 

VII. Create the Project Boundary 

vm. Horizon Mapping 

IX. Horizon QC 

x. Data Reduction- Check the AOI vs the imported horizons 

xt. Check horizons depth surfaces vs well picks (adjust horizons to wells) 

XII. Horizon consistency 

xm. Creating Fluid Contact Surfaces 

x1v. Create a dip map to QC the surface and faults dip 

xv. Calculating surface statistic 

xvt. Checking the wells in the Log editor I calculator panel 

xv11. QC the correlation by using Correlation view and property tables 
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Prior to starting any modeling it is important that the imported data is quality 

controlled and edited when appropriate. 

For Horizon quality controlled, I must make sure that it: 

a. Must be in the same units (time, depth etc.). There is no way of checking this 

within RMS, I need to check this before importing the data. 

b. Must be sorted in depth order. This means that the horizons must be listed in 

correct depth order in the Project panel data list. I did a visual check or use the 

'Sort horizons by depth' functionality in the Horizons Admin panel, check the 

status and Sort horizons if necessary. 

c. Must have the same gridding resolution. I can check the gridding increment 

from the information panel of the surface object. In case the gridding 

increment is different, horizons can be mapped again in RMS. 

d. Must have the same area of interest (AOI). Otherwise the creation of a 30 

model will encounter problems. This can be checked visually and from the 

information panel of the surface objects. Data reduction functionality is 

available as a job from Horizons Operations. 

e. Must not have holes or spikes. All horizons must cover the whole area of 

interest of the project and therefore cannot have holes. Unrealistic looking 

spikes show that there is something wrong with the data at that point. A visual 

check can help identifying problems. If there are any holes or spikes, the 

horizons surfaces will need to be removed prior to modeling. Manual editing 

on the surfaces may then be necessary. 

f. Must be consistent such as the horizon not cross each other in cross-section 

(geologically impossible except for top lap, on lap and unconformity layer or 

horizon). I did perform a visual check and use the Horizons operation 

consistency functionality. 

g. Should tie to the well markers. 

For the well data quality controlled, I must make sure that: 

a. The wells must be complete, i.e. contain all available logs and trajectories. 
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b. The wells must be consistent, i.e. have the same set of log curves, the same set 

of trajectories and belong to the same interpretation. 

c. The different logs must have the same names for all wells. 

d. Spikes and other anomalies must be removed. 

e. The well tops (stratigraphical markers) should match the horizons. 

f. The well logs must be internally consistent, i.e. the petrophysical log curves 

must fit the facies interpretation, which in tum must match the zonation. 

The models have been built using ten surfaces and ten faults sticks set from seismic 

interpretation and well markers. In the previous study the interpretation was performed 

using Charisma and the Time-Depth conversion was performed using Petrel. The 

seismic interpret horizons were transferred from Petrel to RMS with ascii file export

import. The faults were transferred also by using ascii file export-import. 

3.2 STRUCTURAL MODELING 

Once any surface, fault and thickness data have been loaded and quality controlled, 

the next step in the modeling workflow is to create a high quality structural 

framework. 

Structural modeling is the process of mapping the faults and the stratigraphy of the 

reservoir in 30. Structural modeling is done to ensure correct juxtaposition between 

the various parts of the reservoir on either side of each fault and to ensure accurate 

volumes in faulted areas. 

Faults can compartmentalize the reservoir as the fault plane/zone can act as a barrier 

to flow. This compartmentalization will not come into effect in a static model but is 

extremely important when the model is run through a reservoir simulator. 
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Structural modeling consists of two parts: 

1. Fault modeling- the process of mapping faults in 30 within the reservoir. 

Fault modeling is optional and can either be done by identifying the faults 

directly from the fault trace on a depth horizon or from fault information 

provided by the geophysicist e.g. fault sticks or depth midlines. 

11. Stratigraphic modeling - The process of calculating intermediate reservoir 

horizons from (a) the known (interpreted) horizon(s), (b) thickness 

(isochore or well point) data, and (c) fault model. 

The structural model produced can then be used as input when building a 30 

modeling grid. See appendices 3 to see how the structural model had been build. 

3.2.1 FAULT MODELING 

The Samarang structure is highly faulted, NNE trending, rollover bounded to the east 

and southeast by several major toward west direction of growth faults and is cut by 

NNW -trending antithetic and synthetic normal faults. Hydrocarbons are trapped in the 

stacked sand bodies mostly separated by sealing shale. These multiple stacked 

reservoirs are in general laterally continuous parallel the NE-SW trending paleo 

shoreline and vertically heterogeneous. Laterally continuity is affected by shore normal 

component of depositional bodies as interpreted in the present study. However, it is 

restricted to some reservoir levels only. Vertical heterogeneity as observed in the sand 

bodies is a function of the thickness and frequency of the shale layers in between and 

distribution and variable rock property of major reservoir lithofacies. Hydrocarbon 

accumulated on the downthrown side of the faults and the distribution of the 

hydrocarbon was mainly controlled by the faults and laterally continuous shale breaks 

separating the reservoirs. The trapping mechanism was provided by large throws 

associated with the syn-sedimentary growth faults. 

The Samarang structure consists of a collapsed anticline aligned in a NNE-SSW 

orientation. Three main structural elements can be recognized within the field: a gently 

dipping West Flank where antithetic faulting dominates, a central, complexly faulted 
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collapsed crest area, where synthetic and antithetic faulting interfere and a steep and 

densely faulted East Flank, where synthetic faulting is predominant. 

For the structural model the following methodology was applied: 

1. Create number of faults necessary in the model 

11. Add/Remove Fault Input data types 

111. Import the fault input data 

1v. Digitize fault input data in 3D 

v. Generate the fault network automatically 

vt. Checking and editing of the fault network 

v11. Defining the faults as normal, reverse or strike-slip (Fault Grouping) 

Vllt. Defining HW I FW side of the faults on the Network 

IX. Fault surfaces and Fault lines modeling 

x. Adjusting horizons to faults 

The model extension is generally controlled by several parameters: the ability to 

accurately represent key structural features, the number of cells, the geometrical 

(horizontal and vertical) extension of the hydrocarbon zone and the connectivity (flow 

and pressure) between reservoirs. 

The structural feature controlling the model extension for Samarang are essentially 

associated with the complex fault structure. The fault have limited vertical extension 

usually shorter that the model. The modeling technique to build structured grids (comer 

point geometry) implies the extension of the fault from the top to the base of the model. 

This constrain is typically leading to the intersection of the extension of some faults 

with the consequence of grid distortions. Even more important in Samarang are the 

faults truncations. Double truncations are not allowed when building comer point grids. 

The west flank is not affected by truncations except at the level of E and I (shallow 

reservoir) where two faults dipping to the west truncate against the fault F70 dipping to 

the East. The fault interference of the central collapse crest and the east flank was 

simplified in order to minimize the distortions. 

The geometry of the reservoirs is also a contributing factor through their lateral and 

vertical dimension. The objective is to include in as many reservoir in one model as 
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possible as well as enough of the aquifer area. This will directly reflect in the number of 

cells. In Samarang the total vertical thickness from Xl.O to Yl.O is about 740ft and with 

an average cell thickness few feet, it can easily reach the multi million cells. The 

horizontal extension of the reservoirs changes with depth. 

The fault selection was done on the basis of their structural importance (throw, vertical 

and horizontal extent) their truncations and their sealing capacity. The throw indicates 

the structural importance of the fault to limit a block and control the extent of the 

reservoir accumulation. 

In the previous analysis of the pressure and fluid contacts a low potential for fault 

sealing is found. This led to the decision to ignore the minor faults with small offset and 

to review in case by case basis those in the neighborhood of wells having poor history 

or pressure match. 

The grid distortion was limited due to an appropriate alignment of the fault frame with 

the general structure. 

Three major faults are controlling the west flank structure defining four major blocks 

(lilA, 2A, 2, 3) in the south central area and N for the north area. These three major 

faults (F70, F60, and F50) are sub parallel to the anticline axis and define elongated 

blocks. The model is bounded to the north by a major fault running NW -SE and to the 

south by the limit of the 3D seismic. 

The fault modeling was done using digitizing in 3D Depth Mid Lines technique in 

RMS. The majority of the selected faults were modeled using 3D Depth Mid Lines 

method with two nodes. In some case three nodes were used to better represent the fault 

shape imposed by the seismic and the well data. The Depth Mid Lines were carefully 

and regularly spaced along the faults and followed the same alignment between the 

faults. This alignment is the same as the model 3D grid. This was done to ensure the 

cell's orthogonality and to minimize the effect of the fault's truncations on the grid 

geometry. Orthogonal cell allowed the final simulation grid to run efficiently during the 

dynamic modeling later on. The fault shape and position between the models was kept 

in alignment and continuity as much as possible. 
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Before gomg to the stratigraphic modeling I did some quality controlled the fault 

model: 

a. Check that the fault surfaces geometry (curvature and shape) looks consistent 

with the horizons depth surface (while their geometry is not correct, the fault 

lines won't be correct either). 

b. Check that all fault lines intersections look correct. 

c. Check that there are no abnormal spikes on the fault lines. In case there are 

any, the extrapolation distance probably needs to be increased (Extrapolation 

surfaces can also help for this diagnostic). 

d. Check the throw of the fault lines and make sure it is consistent with the 

horizons input data. If some faults do not show any throw from the fault lines, 

check the fault network to make sure that the footwall/hanging wall has been 

defined on the appropriate side of the fault. The extrapolation surface should 

also be inspected to check that the extrapolation distance is correctly set. 

e. Check that the throw does not die out for the faults cutting the edges of the 

horizons surfaces. 

f. In case it does, the fault network needs to be extended to the bounding box. 

In some specific difficult cases, the automatic modeling process may not be fully 

satisfying. So manual editing on fault surfaces and/or fault lines can be performed in 

3D, to adjust the shape, curvature of fault surfaces, or change the throw of the fault 

lines. 

3.2.2 STRATIGRAPHIC MODELING 

Stratigraphic modeling allows for the various elements of the structural model to be 

combined to produce the intermediate reservoir layers. The stratigraphical model 

captures, together with the structural model, the large-scale flow units, i.e., how and 

where the main reservoir zones are thickening and thinning. At least one Interpreted 

horizon must be present to perform the stratigraphic modeling. The stratigraphic 

modeling process will be based on isochore and/or well points data. Different input 
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can be specified for the thickness data (isochore surfaces, constant thickness, well 

point data), and different isochore corrections can be used. RMS can use the results of 

the Fault model to build fault lines for the intermediate calculated horizons. Well 

points/markers can be used to ensure that the new calculated horizons tie to the wells. 

Ten horizons were given by the supervisor and all are in depth. All the horizons then 

were converted to Ordinary Surface Grids in RMS Horizon Mapping method. All the 

surfaces were checked and controlled for their depth and well mismatch or consistency, 

this is to ensure the base is not intersecting the top. Due to the some of the fault shifted, 

the data points were edited to be removed when on the wrong side of the fault after the 

shift correction. 

The structure framework was built usmg horizons and faults sticks from seismic 

interpretation and well pick. One model was built on the west flank. The model is 

stacking vertically comprising in sequence the reservoir Xl.O, X2.0, X3.0, X4.0, X4.5, 

X5.0, X5.5, X6.0, X7.0 and Yl.O. 

For the horizons gridding the well picks were used to correct the surfaces and the 

faults interpolation distance was checked for each fault to ensure that the correct 

throw was modeled. 

For the stratigraphic modeling I did quality controlled it by: 

a. Check that the fault surfaces geometry (curvature and shape) looks consistent 

with the horizons depth surface (if their geometry is incorrect, the fault lines 

won't be correct either). 

b. Compare input and output isochores to check that the thickness corrections are 

reasonable. 

c. Compare the bulk volumes of the sum of the input isochores and the new total 

isochore. 

d. Check that all the fault line intersections look correct. 

e. Check that the calculated fault lines do not show abnormal spikes. 

A typical workflow that I use for a stratigraphic modeling job consists of the 

following steps: 
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1. Ensure that all the required data is available, and that the stratigraphic 

framework has been set up correctly in the Horizons list. This framework 

consists of interpreted horizons, calculated horizons and isochores in 

stratigraphic order. 

n. Select the seismic interval to model. 

111. Select the type of horizon building. 

tv. Set isochore correction 

v. Set well correction 

v1. Include faults model 

3.3 30 GRID BUILDING 

The 3D geological grid is the cellular framework in which all property modeling 

within RMS will take place. Grids can be created from horizons in depth or in time, 

including a fault model or not. A sound 3D geological grid is the crucial foundation 

that all further modeling will be dependent on. The Grid design layout needs to be 

carefully defined such as: 

a. Grid type: XY-regular or comer point grids. Comer point is the most common 

and can incorporate a fault model. This is the format accepted by all reservoir 

simulators. XY regular grids cannot be faulted. So because of that I chose to 

use Comer Point Grid type. 

b. Horizontal resolution: The choice of resolution will depend on the geological 

features to be modeled and the size of the area to be modeled. The horizontal 

resolution is user-defined individually for each subgrid and should match the 

smallest geological object that affects the petrophysics and flow behavior of 

the reservoir. 

c. Vertical resolution: The resolution will depend on the level of detail required. 

It is defined per subgrid. Depending on the stratigraphic interpretation, onlap, 

offlap or proportional layering can be implemented to reflect the geological 

interpretation. 
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d. Rotation: The 3D grid can be rotated. This may be to match the mam 

structural elements or could be to match reservoir engineering considerations, 

such as the main flow direction. 

e. When designing a grid, the user should have in mind the total number of cells 

that their chosen resolution will produce. There is a need to incorporate as 

much details as possible within the model; however, too many cells in the grid 

will slow all further modeling down due to computing speed limitations. A 

compromise between the two factors must be reached. 

It is also extremely important to design both the geological grid and simulation grid as 

consistent as possible to reduce sampling errors in the later upscaling process. 

It is also important to run Data Analysis of Facies Thickness per subgrid interval, it is 

to find the appropriate vertical resolution for each subgrid, it is important to 

understand the basic statistics and distributions of the data that will be modeled. This 

will be done by creating a histogram of the average facies thickness per subgrid 

interval. 

For the building the 3D grid the following methodology was applied: 

1. Data Analysis of Facies Thickness per subgrid interval 

11. Create a Zone for the volume of interest 

111. Create a faulted 3D Grid 

IV. Grid quality control 

Fault lines must be present for all horizons in the 3D grid. Faults that die out 

vertically must have fault lines of zero throw for the horizons where the fault is not 

present. 

The faults also need to be regularized as regularized faulted grid will help reducing 

the sampling errors during the upscaling process to the simulation grid. 

For the model, it is recommended to keep the total number of cells below I 0 million. 

Grids above 10 million cells will cause a lot of modeling processes to run slowly. 
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Furthermore, simulation models are generally less than I 00 000 cells, and it is better 

to keep the upscaling ratio as small as possible. 

For this model, the grid orientation was guided by the axis of the anticline and by the 

faults that are most likely controlling the flow. The cells were built using the faults 

allowing a regular square shape as opposed to zig-zag faults or triangulated cells. 

The grid increment was defined by: 

a) No more than one well per cell 

b) The resolution: the minimum cell thickness is related to the thickness of the 

geological features that need to be captured. Alternatively it could be considered 

to use the vertical variogram and use the best range as a good indicator of the 

cell thickness. 

c) A minimum of four cells in the dip direction of the blocks 

The horizontal and vertical resolution of the 30 grid must be a compromise between 

the geological and the reservoir engineering requirement. The grid increments are 

summarized in the Table I. (see appendices 4 for Grid Building setting) The quality 

control of the grid included the cells orthogonality check, the negative cell value 

check and a visual 30 view of the grid together with the surface and the faults. 

The edited horizons were then used as input to the horizons gridding process in RMS. 

Prior to this the grid was set to truncate against the bounding surface to make the grid 

and the surface attach together. 

The horizons modeling was done in a two step process where the surface with seismic 

interpolation were modeled first followed by those in between (isochore) and 

constrained with the well picks. 

For the horizons gridding the well picks were used to correct the surfaces and the fault 

interpolation distance was checked for each fault to ensure that the correct throw was 

modeled. Manual editing was made to the horizons to ensure the thickness was 
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consistent across faults. Cross-sections of the surfaces were checked in 30 view to 

ensure it is in a good position. 

A proportional layering scheme has been used. When selecting the number of layer for 

each unit the aim was to achieve an average thickness of cells within the unit of around 

two to four feet. 

Model Grid Size (ft) Average Layer Thickness 

X-Y Model 200 X 200 3ft 

Table I. Gnd Increment used to bmld the gnd 

3.4 BLOCKED WELL AND DATA ANALYSIS 

All the wells in the project pass down through the geological grid and therefore 

intersect a number of geological grid cells. Each geological grid cell has a vertical 

thickness which is likely to be in the order of meters - I O's meters. However, the 

typical well log sampling interval is 6 inches (15 em), meaning that for each 

geological grid cell the well passes through, and there will be multiple values for each 

property log. Before well data can be used for modeling (since each geological grid 

cell can only have one value for each property) the raw well data must be scaled up 

('blocked') to the resolution of the 3D geological grid to produce one averaged value 

for each cell. This process is known as 'blocking' of the raw well values. Once 

blocked wells have been generated, it is necessary to check that the statistics of the 

raw well values have been preserved by the blocking process. 

The cells intersected by the well trajectory are identified automatically by the 

software. The geometry of the blocked well will depend on the 30 grid and the 

trajectory of the well to be blocked. Then each cell in this new blocked well is 

assigned values based on the log data that has been selected to average, according to 

the chosen averaging method. Different averaging methods are available in the 

software. 
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The scale-up of discrete logs will not be the result of an averaging method. The values 

assigned to the cell are based on the value that is dominant. A geometrical weighting 

is used and a user defined weighting can also be applied. Zonelogs (discrete log) can 

be scaled up with different options (Normal scale-up, Scale-up biased to subgrids, 

Shift and scale logs to match subgrids). The option chosen will depend on any/if any 

discrepancy between the zonation of the raw logs and their position relative to the 

subgrid. 

The scale-up of continuous log data is based on a choice of averaging methods: 

Arithmetic, Geometric, Harmonic, Power, Weighted arithmetic. Continuous logs can 

be scaled up biased to the scaled up discrete logs e.g. facies 

Continuous log biased to a discrete log Petrophysical logs should be scaled up biased 

to a facies log. This is to stop petrophysical log values from one facies contributing to 

the average for a different facies. 

In the study I used the scale-up continuous log. 

For the blocked wells and data analysis work the following methodology was applied: 

1. Create Blocked Wells 

11. Visualize the Blocked Wells 

111. BW QC using the Blocked Wells Statistics panel 

1v. BW QC using the Well log editor I calculator 

v. BW QC using histograms to analyze distribution 

It is very important that the statistics of the blocked data match as closely as possible 

the statistics of the raw data. (See appendices 5 to 14 for the Quality Controlled of 

Blocked Wells data versus Original Wells data). 

There are 3 methods used to compare the raw log values versus the blocked values to 

check whether the blocking of the wells has retained the original data correctly: 

a. Using the Statistics panel for the Blocked Wells. Compare the statistics for the 

Blocked versus the Raw values. 
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b. Using the Blocked Wells Well Log editor/calculator. Compare the blocked log 

value for each cell against the raw values for that cell. 

c. Creating histograms of the Raw versus Blocked properties. Check that the 

distribution of values for each property have not changed dramatically during 

the blocking of the wells. 

The adjustment for the faults not controlled by the wells is a source of uncertainty that 

is difficult to estimate. The seismic data are mainly affected in the platform area where 

fortunately we can use the fault picks and dipmeter logs to constrain the fault position. 

Away from the platforms the seismic was assumed to be better and the faults were not 

shifted. 

Another source of uncertainty is the well deviations. A companson of the loaded 

trajectories with the original reports was performed on every questionable dataset. In 

addition there is always an uncertainty attached to the measurement itself that is 

increasing with depth and deviation. 

3.5 FACIES MODELING 

Facies modeling is the process of creating a discrete 30 parameter of facies 

distribution within the geological grid. This facies parameter should honors the well 

data (or seismic data if applicable) and should also honors all geological 

interpretations of the reservoir including body shapes, body sizes and spatial trends. 

Facies modeling can be done using either object- or grid-based techniques: 

a. Object-based facies modeling techniques; Objects with the same shape and 

size range as those interpreted from the cores are inserted into the grid using 

an iterative method until a specified volume fraction is reached. Well data, 

spatial relationships and size ranges of the various facies are honoured. 

Proportion trends can be used as additional input to drive the placement of 

objects into the grid. 
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b. Grid-based facies modeling techniques; In this method geological objects do 

not have pre-defined shapes and size ranges, but are built up when 

neighboring cells are allocated the same facies code after user specified 

variograms are used to assign grid cells facies values. 

Depending on the scope of the project, there are different reasons as to why it may be 

necessary to perform facies modeling: Input to drive petrophysical modeling. The 

distribution of different facies types is the driver for the large-scale distribution of 

petrophysical rock properties. In order to generate a realistic model of the 

petrophysical properties, the large scale heterogeneity of the reservoir should first be 

captured by the facies model and then the petrophysics conditioned to it. Only the 

vertical size (thickness) of facies can be found from the well logs. Their shape and 

lateral dimensions should be interpreted from the regional analogues or conceptual 

model. 

Both Lithofacies and Depositional Facies have been interpreted from the well logs. The 

lithofacies have distinct petrophysical characters in terms of porosity and permeability 

distribution and provides the framework for the petrophysical population of the 

reservoir. Actually they are 8 lithofacies in this reservoir but for the purposed of 

modeling they are grouped into 5 group only. (See appendices 15 for the 5 Grouped 

Lithofacies detailed) The Depositional Facies defines a broader facies association that 

represents the large-scale heterogeneity. Association of Lithofacies in a particular order 

and stacking defines individual depositional environment or facies. The relationship 

between Depositional Facies and Main Lithofacies association for the shore face 

reservoirs is illustrated in the table below. 

Depositional Facies Lithofacies Associations 

Upper Middle Shore Face (UMSF) SMI I SM2 I SL 
Lower Shore Face SM2 I SL I SB 
Offshore Shale I SB .. 
Table 2. RelatiOnship between Depositional Facies and Lithofacies 
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A two step facies modeling approach has been undertaken. First the depositional facies 

were simulated and then the lithofacies were populated within the main depositional 

facies. The modeling of depositional and lithofacies are discussed in later sections. (See 

appendices 16 and 16a to for the Geomodeling Workflow Scenario) 

3.5.1 METHODOLOGY 

For the facies modeling work the following methodology was applied: 

1. Initial Data Analysis 

11. Investigating the data using the multiwell viewer 

111. Create Vertical proportion curve, to be used as vertical trend for facies modeling 

1v. Edit a Vertical proportion curve 

v. Create a variogram model 

v1. Basic Facies:Beltsjob set-up-no well conditioning 

VII. Stacked Belts - progradation directions 

VIII. Stacked Belts- Stacking angle 

IX. Stacked Belts - Curved boundaries 

x. Stacked Belts- Interfingering 

x1. Stacked Belts constrained to Well Data 

XII. Use predefined polygons as belts boundaries 

XIII. Manual editing of a 30 facies parameter 

x1v. Model the channels and crevasses 

xv. Create a trend to position the mouthbar objects in the appropriate facies belts, 

close to channel objects 

xv1. Merge facies parameters to create a final shoreface and estuarine facies model 

xv11. Results Quality Controlled 

3.5.1.1 MODELING DEPOSITIONAL FACIES 

The three main depositional facies Upper/Middle Shoreface (UMSF), Lower Shoreface 

(LSF) and Offshore have been modeled using the Facies Belt Simulation algorithm in 

RMS. 
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Facies:Belts is a grid based stochastic facies modeling tool originally designed to 

model transitional geological environments in progradational and retrogradational 

depositional systems. The model uses progradation directions and stacking angles as 

input to build a framework for each facies belt. The boundaries of the facies belts are 

simulated stochastically. A variety of equiprobable output models are possible. Each 

model will honor the well data, but will display differences in the interfingering 

between the different facies belts. 

Facies:Belts can be used to simulate a number of different geological environments, 

including shoreface reservoirs, deltaics and carbonate reef deposits. The flexibility of 

the algorithm allows the facies boundaries to be straight or curved, parallel or 

divergent, enabling the user to model a variety of environments. 

Facies: Belts is often used in addition to an object based method to define the large

scale facies framework of the reservoir zone, which is then used as a background to 

further object based facies modeling. The objects are used to describe smaller-scale 

heterogeneities conditioned on the facies belt distribution. It also allows easy 

modeling of facies environments where the facies' volume proportions vary vertically, 

laterally, or both. A 'Trend and Threshold' option can be used to produce first-pass 

basic seismic conditioning. 

The statistical model used in Facies:Belts is the truncated Gaussian simulation where 

various trend and threshold functions can be incorporated. 

3.5.1.2 PRINCIPLE OF BELT MODELING 

Facies Belt also known as Truncated Gaussian Simulation or Facies Transition 

Simulation. The critical parameters for this kind of simulation are Progradational 

direction and Stacking angle. 

This algorithm is ideal for modeling shoreface reservoir as it models transitional 

sequences of facies in prograding, retrograding or aggrading patterns (see Figure 5 for 

the transitional sequence pattern). The facies are ordered in a geological sequence from 
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proximal high energy facies through intermediate to distal low energy facies and the 

facies will interfinger with each other replicating variations in sediment supply and 

generation of accommodation space at the time of deposition. The facies belt has been 

aligned with the interpreted peleoshoreline which is oriented NNE-SSW direction. The 

Facies Belt Simulation algorithm requires an azimuth which represents the progradation 

direction or the direction in which sediment were transported (see Figure 6 for the 

progradation direction). The azimuth is perpendicular to the paleo shoreline i.e in a 

general NW direction. In zones where the Facies Proportion Curve indicated 

predominantly progradation sequence the "progradational" option was used in the 

Facies Belt Simulation. Zones which were predominantly retrogradation were modeled 

as "retrogradational". In zone which displayed a progradational sequence at the base of 

the zone followed by a retrogradational sequence, a combination of progradation and 

retrogradation was performed. One scenario has been modeled using the Facies Belt 

Simulation algorithm. The parameter ranges setting used for the Depositional Facies 

Modeling are presented in Table 6 and 7. 
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3.5.1.3 DETERMINISTIC MODELING OF ESTUARINE CHANNELS 

In reservoir unit X 1.0 estuarine depositional facies have been interpreted in several well 

from the interpreted logs. 

To model the channel I use the RMS Stochastic Facies:Channels module. It is an 

advanced object based facies algorithm that can model complex channel depositional 

systems. Facies:Channels is a modeling tool that allows lateral and vertical trends in 

the distribution and geometry of modelled channels. While objects m 

Facies:Composite have a predefined length (causing the objects not to cross the 

reservoir in most cases), channels generated in Facies:Channels will always cross the 

entire reservoir. The basic concept is that the facies within a zone can be subdivided 

into a background facies and channel objects. Optionally, crevasse splays and intra

channel barriers can be modeled. These are linked to the channel facies. The crevasses 

will be attached to the channel margin, whereas the barriers will be positioned inside 

the channel body. 

The modeling was conditioned to facies logs. The algorithm is flexible for 

incorporating trends such as for position and size of the object facies. The resulting 

facies parameter is typically used as input to stochastic petrophysical modeling. 

These estuarine feature form linear channel like feature throughout the Northern area. 

The estuarine depositional facies have been correlated and a deterministically mapped 

to generate an estuarine channel indicator. The estuarine channels are observed in 

Figure 7. 

3.5-I.4 MODELING LITHOFACIES 

The Lithofacies have been modeled using the Depositional Facies as a constraint. After 

the Depositional Facies have been modeled Local Vertical Proportion Curves of the 

lithofacies were generated using the Depositional Facies as the spatial discriminator. 

The three main depositional environments have distinct different proportions of 

lithofacies. (See appendices 16 and 16a for modeling workflow scenario). The Vertical 

Proportion Curves can be observed in the appendices 17. The spatial correlation lengths 
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of each of the 5 lithofacies have been derived from variograrn analysis. Facies Indicator 

Simulation has been used to populate the lithofacies. 

Figure 7. Channel deposit in Xl.O. 

Facies:Indicators is a flexible pixel-based modeling technique that samples the local 

conditional probability distribution for each grid cell. The method can incorporate any 
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type of trend, and conditioning to a 30 seismic attribute. The algorithm is ideally 

suited when conditioning to a large number of wells. It is often used for reproducing 

irregularly shaped facies bodies. 

Facies:Indicators major benefits include: 

1. Flexibility. The Facies:Indicators method allows the generation of very 

flexible facies patterns, for any number of facies. It also allows conditioning of 

the results to well and seismic data. 

11. Speed. The method provides fast results, irrespective of the number of wells. It 

is therefore especially suited to modeling mature fields with a large number of 

wells. 

A wide variety of I 0, 20 and 30 volume fraction trends can be used as input, and 

any number of facies can be modelled. 

In order to incorporate Local Vertical Proportion Curve, three separate lithology models 

were built. One for Upper-Middle Shoreface, one for Lower Shoreface and a third one 

for Offshore. These three lithology were then converted to 30 trend. Then the three 30 

trend were combine to generate a final merged lithofacies parameter. 
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3.5.1.4 MERGING OF FACIES PARAMETER 

Merging of facies parameters is used to combine two facies parameters (Facies Belt 

and Facies Channels) into one. The parameters are merged together honoring erosion 

rules. 

This functionality is particularly useful for combining the large scale facies 

framework simulated using 'Facies:Belts' with the finer heterogeneity simulated 

using 'Facies:Composite' or other. 

+ --

Figure 8 Example of merging the facies parameter 

Only facies parameters from the same zone can be merged. The parameters can be 

either standard facies parameters or BodyFacies parameters; for BodyFacies 

parameters, the parametric body information is retained in the merged parameter. If 

one or both of the input parameters are BodyFacies parameter, the output parameter 

will be BodyFacies format.The parameters are merged honoring an erosion scheme 

defined in the list boxes. A merged realization can be merged again with another 

realization. The merge function is also available for separate subgrids where different 

erosion rules can be given for each subgrid. 

A comparison has been made of the blocked well proportions versus the Facies Belt 

proportion to ensure the global model is well constrained. Vertical Properties displaying 

facies proportion of the blocked wells and model data are shown in appendices 18. The 

vertical curves display a good match between input data and the final model. 
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One scenario has been modeled for this study (see appendices 16 and 16a). The model 

has been conditioned to the well data. For the model petrophysical simulation has been 

performed and the STOUP and GIP volumes have been calculated. The methods used 

for the model are shown in the following table. 

Scenario Depositional Facies LithoFacies Condition data 

Algorithm Algorithm 

SI Facies Belt Simulation Facies Indicator Wells, Shoreface 

Simulation model 

Table 3. Method used to model the hthofactes. 

The scenano was generated by modeling Depositional Facies which were used to 

constrain a lithofacies model. Depositional Facies were simulated using Facies Belt 

Simulation and Lithofacies were modeled using Facies Indicator Simulation, using 

Local Vertical Proportion Curves based on the Depositional Facies, Porosity was 

simulated using Deterministic Interpolation and also using Stochastic Petrophysical 

Modeling Simulation with individual distribution for each of the five lithofacies. 

Permeability generated using porosity-permeability function derived from the core data 

for each lithofacies. 
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3.6 PETROPHISICAL MODELING 

3.6.1 POROSITY 

Petrophysical modeling is the process of assigning each cell in the inter-well volume 

with a value for porosity, permeability and water saturation based on the values that 

occur in the blocked wells. Each well can be thought of as a 'sample' of the reservoir; 

therefore in petrophysical modeling the modeler should try to end up with the same 

distribution of values in his final parameters as that seen in the original blocked wells. 

Petrophysical modeling is important as: 

1. Most volumetric requires the use of a porosity parameter. 

11. Flow analysis of the model in a simulator will require both porosity (from 

which the simulator calculates pore volumes) and permeability (from which 

the simulator calculates transmissibility). 

Petrophysical modeling can be carried out usmg two main methods m RMS, 

depending on the scope (time and accuracy constraints) of the project: 

t. Interpolation (deterministic): Appropriate if the reservoir has little 

heterogeneity. From a given data set, it can only produce a unique result. 

Alternatively, this method can be used where a very simple quick method is 

required, perhaps using any of the other techniques afterwards for further 

refinement of the 'quick look' model. Interpolated models are smooth and 

unrealistic (extreme values are not preserved) and should not be taken through 

to simulation. 

11. Simulation (stochastic): Appropriate when heterogeneity exists on either a 

large or small scale or where an understanding of the possible range of results 

is required. Simulated models can be taken through to simulation. Stochastic 

(simulation) methods produce more realistic distributions than shown in 

interpolation, capturing extreme values, and show how quickly values change 

over space. Simulation can also condition to more data types (seismic, spatial 

trend and etc). From a given data set, simulation methods can produce a 
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variety ofequiprobable results. If time and project scope limitations allow, one 

should always perform simulation as it produces a much better model than 

interpolation. 

Here I used both the simple Interpolation (deterministic) method and also simulation 

(stochastic) method to generate the porosity parameter, for that I will have two 

volumetric results in the end of the study. 

For the petprophysical modeling work the following methodology was applied: 

For Interpolated Petrophysical Modeling: 

1. Simple porosity interpolation 

11. Interpolation Conditioned to a Facies model 

For Stochastic Petrophysical modeling 

1. Stochastic Petrophysical modeling - First test 

3.6.1.1 PETROPHYSICAL MODELING USING 3D INTERPOLATION 

30 interpolation is used to assign cells not penetrated by well data with a property 

value. The interpolation is performed using an algorithm called the Interpolator (or 

interpolation function). The interpolation technique used in RMS is based on an 

anisotropic weighted average calculation and shows similarity to the interpolation 

technique called Moving Average. 

The interpolation is performed using an algorithm called the Interpolator (or 

interpolation function) to assign values to cells not penetrated by a well. For each cell, 

the interpolator performs the following tasks: 

1. Finds all well data points within an Interpolation Ellipsoid defined by the 

influence radii and the interpolation orientation. 
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11. Calculates the weights of all well data points according to the distance from 

the centre of the interpolation ellipsoid to the well data point. The centre of the 

influence ellipsoid is the cell centre. The 'nearest' well data points are given 

the highest weights. 

111. Assigns a cell value to the current cell based on the weights and the well data 

values. This process is repeated for all defined cells. A warning is given if the 

interpolator does not find any blocked well data points inside the search 

ellipsoid for at least one cell. These cells will be left unchanged. The influence 

radii must be at least as large as the maximum distance between a cell and a 

well data point if all cells are to be given an interpolated value. 

3.6.1.1.1 INTERPOLATION ALGORITHM 

The interpolation is performed usmg an algorithm called the Interpolator (or 

interpolation function). 

When using a trend, a weighting factor between 0 and I can be specified depending 

on the strength of the trend influence: 

Weighting= 0: 

Inside the interpolation ellipsoid the cell values are the same as for normal 

interpolation. Outside the ellipsoid they will be the same as the trend. 

Weighting= I: 

The new interpolated parameter will be the same as the trend parameter everywhere 

except at the blocked well locations. 

Weights >0 and <I : 

Inside the interpolation ellipsoid the values is an average of the trend and the 

interpolated value. Outside the ellipsoid they will be the same as the trend. 
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The results from a simple interpolation look very smooth, but are not geologically 

realistic. At this stage, it does not take into account the fact that the distribution of 

porosity should be controlled by the distribution of geological facies. 

In reality, the facies distribution is the most significant control on the large-scale 

distribution of porosity and permeability. In RMS, it is possible to condition the 

interpolation of petrophysical parameters to a facies distribution so that their 

distribution is controlled by the distribution of geology and therefore less smooth, but 

more realistic. 

QC should be performed on the results from the interpolation methods. A simple 

check is to make histograms from the BW data and from the resulting interpolated 

parameters, and compares them. 

Generally, interpolation does not reproduce the porosity distribution seen in the BW 

very well. It smoothes the extreme values of porosity into a narrower distribution 

since it is essentially an averaging process. These extreme values of porosity and 

permeability are very important in fluid flow calculations. A simulated parameter 

would have reproduced this distribution more accurately, capturing the extremes in 

porosity distribution (better model for running through a flow simulator). 

3.6.1.2 PETROPHYSICAL MODELING USING STOCHASTIC 

SIMULATION 

Stochastic petrophysical modeling is an advanced method which uses statistics to 

reproduce the value distribution and aerial distribution of values seen in the wells for 

each parameter. 

Results capture extremes in the data and how quickly values change over space (see 

' Figure 9). Realistic distribution leads to a realistic simulation run and therefore shows 

a better history match. This modeling method can condition to more data types e.g. 

wells, facies, seismic, spatial trends, and can simulate porosity and permeability at the 

same time to preserve any correlation between them. 
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Stochastic simulation can produce a variety of equiprobable results per scenario and 

so, allows better understanding of the spectrum of uncertainty. 
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Figure 9. Differences between Interpolation and Stochastic Simulation 

E!loc .. cd well 2 

The model used for petrophysical modeling in Jrap RMS is based on two observed 

characteristics of petrophysical parameters (see figure 10): 

1. Samples from petrophysical parameters approximate to a Gaussian (normal) 

distribution, after known geological trends and variability have been taken into 

account (e.g after the application of certain statistical and geological 

transformations). 

n. Petrophysical parameters also have a spatial correlation (in common with 

other spatial data). The similarity between two observations depends on the 

distance between them: that is, the variance increases with increasing 

separation distance between two observations. Statistically, the distribution of 

your actual data observations (blocked well logs) can be considered to consist 

of two components: 
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111. The Trend component: which represents the geological variability of the 

petrophysical variable. It is known as the Expectation. To obtain the best 

results from Petrophysical modeling, the trend component should be identified 

as completely as possible when analyzing the data. This ensures that trends 

observed in wells, or known from geological experience are carried through to 

simulation at non-well locations. The Trend component is modelled using a set 

of transformations, typically consisting of a Mean (constant or 'shift') 

component and one or more spatial trends. 

IV. The Residual component (sometimes referred to as 'noise'), which cannot be 

explained by geological features. It approximates to a normal (bell curve or 

Gaussian) distribution, with a mean of zero. The Residual component is 

modelled as a Gaussian 30 field (normal distribution), fully specified by a 

mean of zero and a variogram model, which quantifies the spatial continuity 

(or variability) of a geological variable. 
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Figure 10. Petrophysical Modeling Process using Stochastic Simulation. 
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The procedure that I use for stochastic petrophysical modeling job are as follow: 

1. Select and prepare the input data. 

11. Identify geological trends and define a transformation sequence of the 

petrophysical values. Verify that the transformed (residual) blocked well data 

possess a normal distribution. (When the modeling is complete, the reverse 

transformation is automatically applied to the result.) 

111. Specify correlations between the residual fields of different petrophysical 

parameters, and/or seismic cosimulation parameters. 

IV. Define the vanogram of the residual data, based on geological knowledge 

and/or data analysis. 

v. Execute and check the job. Quality controlled the results visually tn the 

Multi viewer and using the Data analysis tools. 

The RMS software offers 3 different user modes for the stochastic petrophysical 

modeling: First Pass, Standard and Advanced (see Table 5). The modeling procedure 

gradually allows more options with the different user modes, see the table below 
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User mode Allows you to specify: used when: 

Compactional, Depositional, and/or Lato;ral trend • you have extenslvo? well data, standard 
types. trends or no trends or In the reso;rvolr, and 

First pass 
you want to mOdel residuals slmDar to the 

The actual trend function Is calculated weD data (uslng Normal score 
automatkally from the weD data. transformation), ancVor 

• you want to perform Initial modeDng with 
automatkaDy estimated settlnas. 

Skewness, whkh can be Symmetric, Lognormal, • you have some kn<Miedge of the skewness 
or Normal score. and ge~cal trend values In the wen data 

Standard 
Compactlonal, Do;posltlonal, ancVor Lato;ral trend ancVor In t e reservoir 
types. • you want to check Input values, and edit 
The Transformation sequence can be displayed, the Input data 
detaUs viewed and edited, and transformations 
can be es~mated. 

A wide range of transformations, Including You have analyzed the well data uslng the 
lntrat:ody trends. Data analysis tool, and want to update the 
The Transformation sequence can be displayed folder from the attached MVA and edlt the 
and edited, and transtorma~ons can be estimated transformations as requb'ed. 

Advanced 
tor all translormations and for the last geological For example, you can add the uncenalnty 
trend. (standard deviation) values required by the 

Adjusr rrMds ro wei dar.J option. 
The options In this mode are the same as those In You can perform some analysis of the data 
the Transformation sequence panel in Data directly using this mode, but \\1thout the 
analysis. additional options that the Data analysis tool 
In addition, you can use the Adjusr rrends ro wei otters. 
c/.J(.J 

Table 4. Detailed User Mode and its option available. 

In this study, I will only use the First Pass method. 

For the stochastic petrophysical porosity modeling, the Total Porosity (PHIT) has 

been modeled using Sequential Gaussian Simulation (SGS), which has been 

conditioned to the Lithofacies model and to the well logs. Each unit has been modeled 

independently in order to maintain the correct porosity distribution. PHIT has been 

upscaled from the raw well logs using the arithmetic upscaling method biased to the 

facies log. The scale up of the well logs averages the raw data into the resolution of 

the fine geological grid. The geological grid has an average cell thickness between 2 

and 4ft. Due to the fine grid resolution of the geological grid the effect of the well log 

averaging was very minor and the heterogeneity has been preserved in the blocked 

wells. (The histogram comparing PHIT raw data versus blocked well is displayed in 

appendices 7. A visual comparison of the log versus blocked data is shown in 

appendices II). 

Carbonate cement has been modeled using an object simulation algorithm to honor 

the volume proportion of cement found in the well data. The porosity of the carbonate 

cement has been assigned to zero. 
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3.6.1.3 VARIOGRAM ANALYSIS 

Variogram analysis has been performed by lithofacies and by zone for mam, 

perpendicular and vertical directions. 

A variogram is a mathematical tool used to quantify the spatial correlation (continuity 

or variability) of a geological variable. In general, the similarity between two 

observations depends on the distance between them: that is, the variability increase 

with increasing separation distance (increment). This variability is quantified by 

calculating the variance of the increment. This is called the variogram value and is 

often denoted ')(h) where hh is the separation distance (lag). When there are no trends 

in the data, the variance is the average squared difference between all the pairs of 

observations with that separation distance. 

Variogram are important because they provide information on the confidence with 

which the value of a cell can be estimated, based on its distance from a cell of known 

or calculated value. A summary of variogram settings is shown in Table 6 and 7. 

3.6.2 PERMEABILITY TRANSFORMATION 

From the previous study, the porosity-permeability relationships have been derived 

from the core data. The crossplot for PHIT versus permeability is displayed in the 

following figure. From the analysis of the crossplot it was possible to distinguish 

separate relationships for five groups of lithofacies. SMI has a unique poroperm 

function which is important to characterize as the permeability is higher due to the 

larger grainsize and increased sorting as observed in the core analysis. Sm2 and the 

bioturbated sands (SB) share the same poro-perm function. They have distinct 

porosity distributions with the SB having much lower porosity and permeability. The 

third group used for the poro-perm relationship is Sllc and Shale. The shale has the 

lowest porosity and permeability and the Sllc displays the largest spread of porosity 

due to its heterolithic nature. Compared to the Massive Sands its permeability for 

similar porosity will be lower and the function reflects this. 
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Zone Motion Azim. 
Agrdational 

Type Major Minor Vertical Variance 
Angle 

XI.O Progradation 302 0.02 Gaussian 3000 2000 20 0.05 

X3.0 Retrogradation 278 0.03 Gaussian 4000 2000 20 0.05 

X4.0 Progradation 280 0.05 Gaussian 2500 1500 20 0.1 

X4.5 Progradation 310 0.02 Gaussian 4000 2000 20 0.05 

X5.0 Retrogradation 295 0.02 Gaussian 3000 1500 20 0.1 

X5.5 Progradation 330 0.02 Gaussian 3000 1500 20 0.1 

X6.0 Progradation 300 0.02 Gaussian 5000 2500 20 0.05 

X7.0 Progradation 300 0.03 Gaussian 5000 2500 20 0.05 

YI.O Progradation 300 0.02 Gaussian 3000 1500 20 0.05 

.. 
Table 5. Deposttional Factes vanogram settmg parameter. 
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Major Vertical 
Type Major Range Minor Range Type 

dir Range 

SMl 30 3000-5000 1500- 2500 15-20 spherical 

SM2 30 3000-5000 1500-2500 10-20 spherical 

SL 30 2000-3000 1000- 1500 5- 15 spherical 

SB 30 2000-3000 1000- 1500 5-15 spherical 

Shale 30 5000-7000 2500-3500 15- 25 spherical 

Table 6. L1thofac1es Population Vanogram parameter range for UMSF, LSF, OS fac1es 

for all the reservoir in X and Y. 
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For scenarios 1 the permeability has been populated using the following separated Poro

Perm function for each lithofacies. 
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Figure 11. Porosities and Permeability cross plot. 

The relationship function 
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d) Function 4-SUc 

K = 1.08E+06gl·9 

e) Function 5-Shale 

K=l.08E+06gl 9 

Those functions above have been used to generate a direct permeability model. 

3.6.3 SATURATION WATER 

A reservoir occurs when hydrocarbons enters a reservoir trap and starts to displace the 

water. Over geological time, the reservoir tends to establish an equilibrium situation, 

where there is little movement between the fluids. 

Water saturation is the fraction of water in a given pore space. In reservoirs, an oil

water contact represents a surface where predominantly oil occurs above and 

predominantly water occurs below (Figure 12). Reservoirs consists of mixed fluids; 

oil, water, gas. The contact between these fluids is oiVwater, oiVgas, or water/gas. The 

contacts between the different phases are often gradational, i.e. the FWL will be a 

zone where water will be at its lowest saturation at the top and oil will be at its lowest 

saturation at the bottom (Figure 13). The height of the zone in the reservoir depends 

on factors like permeability, porosity and capillary pressure amongst other. 



Figure 12. Horizontal oil-water contact in a reservoir. 
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Figure 13. Gradational oil-water contact: transition zone. 
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Accurate calculations of oil and water in the transition zone are central in reserves 

estimations as the zone often constitutes a substantial part of the oil. 

Water saturation is one of the most important parameters for determination of oil-in

place or gas in- place volumes. Factors influencing the water saturation in a reservoir 

are capillary pressure, height over free water level (FWL), porosity and permeability, 

cos, theta amongst other. A high transition zone can be caused by either low 

permeability, high interfacial tension or a small density difference between oil and 

water. 
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Water saturation has been modeled using a single normalized J function. The inputs 

required for the function are porosity (PHil), permeability, height above the Oil Water 

Contact and height above Gas Oil Contact. 

3.6.3.1 FLUID CONTACT 

Prior to generating the height parameter required to model the transition zone of the 

water saturation, it was first necessary to perform the Generate Contacts process in 

RMS. The contacts used in the RMS Create Contacts process, for each unit and block, 

are summarized in Table 4. 

3.6.3.2 J-FUNCTION 

From the previous study, a single J function normalized to SW has been modeled. Air 

mercury capillary pressures were used to derive the J function. 59 samples from sands 

J, K and M were used. The function is as below: 

J =aS> wn 

where a =1.59, b=-1.2555 



3.6.3.3 SWI AND PHI RELATIONSHIP 

The Swi and Phi relationship function is as per below: 

Where c, d are given in the following table 

Reservoirs c d Pbicutoff 

KMN 0.0107 -2.0614 0.113 

Table?. Parameters for Swi-PHI relationship. 
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The equations above were applied to all reservoirs with their corresponding fluid 

contacts. Fluid properties such as oil density, water density and interfacial tension 

were calculated from P\JT data for each reservoir. The fluid properties used are 

summarized in Table 10. Fluid contacts are shown in Table 8 and 9. 
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Reservoir owe All blocks 

Ml.O -6267 

M3.0 -6550 

M4.0 -6550 

MS.O -6550 

M6.0 -6550 

M7.0 -6550 

Nl.O -6550 

TableS. Summary of the OWC for the West Flank Reservmrs. 

Reservoir GOC All blocks 

Ml.O -6105 

M3.0 -6288 

M4.0 -6350 

MS.O -6350 

M6.0 -6350 

M7.0 -6350 

Nl.O -6350 

Table9. Summary of the GOC for the West Flank Reservmrs. 

Reservoir Oil Gas Boi Bgi OWIFT GWIFT 

density density 

lb/eft lb/eft rb/stb rb/Msef dyne/em dyne/em 

Ml.O 42.80 10.36 1.406 0.94 30.68 49.85 

M3.0 42.96 11.19 1.428 0.90 30.51 49.45 

M4.0-Nl.O 42.94 11.34 1.435 0.90 30.51 49.38 

Table 10. Flutd properties for Water SaturatiOn. 
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CHAPTER4 

HYDROCARBON VOLUMETRIC 

4.0 HYDROCARBON VOLUMETRIC 

Volumetrics is the calculation of volumes from a model according to various user

defined constraints. RMS has several flexible approaches to calculating volumetrics 

of a model. Full field volumetrics can be quickly calculated using 30 model data. 

Drainable volumes can also be calculated to get a better understanding of connectivity 

in a reservoir. Any type of volume can be calculated, as long as the user specifies 

enough constraints. Volumes can be calculated either in report or in parameter format. 

See the Figure 14. for the formulas used for calculating the volumetric. 

In this section, static volumes will be calculated from the geological model. The 

objective is to generate volume parameters and reports from the geological model 

based on simple constraints such as subgrids or fault blocks. Drainable volume may 

be calculated as well. 

The volumetric calculations have been performed for one scenano. Hydrocarbon 

volumes have been calculated using the 30 property model. For all calculations a 30 

model has been generated which includes the structural framework and petrophysical 

properties. The volumes are reported in the Table II and 12. 

The formation volume factors and Gas/Oil ratio used for the volumetric calculations 

are reported in Table I 0. 
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The original contacts were defined using the results from petrophysics and the 30 

frame. During that process the compartments could be confirmed. The original 

contacts were defined in most cases based on the early wells or visible residual oil. 

From the observation and uncertainty analysis parameters having the largest influence 

on the STOOIP of the reservoir are: 

t. Structure 

11. Facies scenario 

111. Porosity 

Formulas Bulk 

Net 

Pore 

HCPII(oil) 

HCPII(gas) 

STOIIP 

Associated G~s 

GIIP 

Associ~ted Liquid 

Recover.,ble(oil) 

Recover .. ble(gas) 

Figure 14. Formulas for calculating the volumetric. 

... structure volume 

• Bulk" NG 

• Net • phl 

~ Pore • (1 - Swo) 

• Pore • (1 - Swg) 

= HCPII(oil) " 1 /Bo 

= STOIIP" GOA 

= HCPII(gas)" 1 /Bg 

• GIIP "LGR 

• (STOIIP + Associ.,ted Liquid)" RFo 

• (GIIP + Associ .. ted G"'s)" RFg 
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P07 P07 
Reservoir M.Bal range 05 

Stochastic loetenn inistic 

MI.O 25-32 ~5.6 ~6.3 

M3.0 ~0-50 50.6 48.5 

M4/7 190-230 181.2 150.4 

NI.O 8-10 7.5 3.5 

Table II. West Flank STOIIP Result (MMSTB). 

f'\RPR 05 
p 07 p 07 

Reservoir 
Stochastic Deterministic 

MI.O ~0.4 17.2 II 

M3.0 ~8.2 30.7 31.2 

M4/7 61.3 58.7 58.3 

Table 12. West Flank GIIP Result (BSCF). 
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CHAPTERS 

CONCLUSION & RECOMMENDATION 

5.1 CONCLUSION 

The volumetric calculation shows the coherent result with the study of Material 

Balance 05 and Annual Review Petroleum Resources Report (ARPR 05) which has 

done independently. 

Finding the critical path of modeling (modeling workflow and method option 

availability) will help or consist in selecting the methods and tools that are most 

appropriate to characterize and quantif'y major heterogeneities. 

Further sedimentology study should be carried out to really understand the transition 

zone characteristic (stacking angle, progradational direction and updip pinch-out I 

interfingering between the facies boundary laterally and vertically). 

The study has improved my understanding of modeling principle, techniques and 

technology (software) and also benefit for PETRONAS to quality control and 

compare the results with the previous study. 



55 

REFERENCES 

Abd. Manaf Mohammad & Mohd. Idrus Ismail, 1987. Structural elements of offshore 
west and northwest Sabah . Petroleum Geological Society of Malaysia Paper. 

Brolsma, M.J.,1980. Paleofacies development in the Lower Miocene to Pliocene of 
western offshore Sa bah. Petroleum Geological Society of Malaysia Paper. 

MacDonald C., and Aasen J. 0., 1994. A Prototype Procedure for Stochastic Modeling 
of Facies Tract Distribution in Shoreface Reservoirs, AAPG Computer Applications in 
Geology, No.3. 

Caers Jef, 2005. Petroleum Geostatistic. Society of Petroleum Engineers. 

Lee, C.P. & Sivam, C.P., 1991. Diapirism and basin development in Sabah. Petroleum 
Geological Society of Malaysia Paper. 

Levell, B.K., 1985, 1987. Regional unconformities in the hydrocarbon-bearing Neogene 
sequence. Petroleum Geological Society of Malaysia Paper. 

Rice-Oxley, E.D., 1989, 1991. Palaeoenvironments of the Lower Miocene to Pliocene 
sediments in offshore NW Sabah. Petroleum Geological Society of Malaysia Paper. 

Tongkul, F., 1992, 1993. Tectonic control on the development of the Neogene basins in 
Saba h. Petroleum Geological Society of Malaysia Paper. 

Woodroof, P.R. & Carr, A.D., 1992. Source rock and hydrocarbon geochemistry, 
offshore NW Sabah. Petroleum Geological Society of Malaysia Paper. 

Kaye, L.N, 1979. The geology of the Samarang Oilfield. Geological Society of Malaysia 
Paper 



~ . ..., 

·.-.~~;>'~-;~\>-_ <~ 
;PI. ~ --:,-.·-1>-~· < . ~-;;;~:y~ ~ ..... -· ;;e~ 
~--~--~--,_,-=-·-;,5 
--~~...:;::~ -

~ 
Structural Framework 

\ Appendices 1 I 

Modeling Workflow 

Activity 
WorkFlow 
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Conceptual depositional model 
wave storm dominated shoreface with tide influenced estuary 

Upper & Middle 
Shoreface 

I Offshore j 

I Appendices 2 I 

I 

Sm2 Sl/ 

Sm/Ms 

Lower Shoreface 

Sb1 

Mb 

Sb2 

rt 2006 



Fault Sticks 

Structural Modeling 

Fault Modeling using 
Fault Sticks and Fault 
Mid Lines method 

Fault Model/Surfaces 
(19 Faults) 

Stratigraphy Markers and 
horizons 

Horizon surfaces model (10 Surfaces) 

I Appendice~ 3 I 

Structural Model 



Grid Building 

• Comer Point Grid system 

• Grid increment {ft): 200 x 200 x 3 

The grid increment was defined by: 

1) no more than 1 well per cell 

2) the resolution: the min cell thickness is 
related to the thickness of the geological 
features that need to be captured. 

200 
_A ____ '\ 

~~ / 
• 
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20550Xl 

20500iXI 

1!0450iXI 

Incorporate all the 19 faults model and the fault throw in 3D 
grid 
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BW QC using Statistic Table 

Check the statistic of depositional facies log data, it is very important that the statistics 
of the blocked data match as closely as possible the statistic of the raw data 

r r. '• 
----- -

t , ~I t 1.J 

Select log 

[ ..-;:rr- td 

Llh5_a 
PH IT 
PERM_ a 
Sill 

Code--

~ 

1 UMSF 

2LSF 

3 Offshore 

4 Oelta 

5 Est1.1rne 

6 Trdal 

Name 

1 UMSF 

2 LSF 

3 Offshore 

4 Oelta 

5 Estl.l~ne 

6 T rdal 

71VF 
QA~ 
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Y-

No. ol 
Interval: 

+ 

+ 

~ 

+ 

.. 

.. 

No. ol 
Interval: 

+ 

t 

.. 
t 

+ 

t 
--· ·-

I 

Select zone!•) 
~ AI 

P01cent 

648 

no 
411 

0 

25 

0 

0 

Percent 

689 

1023 

603 

5 

25 

48.0028 

358617 

14 638 

0 

1 49741 

454707 

37 4847 

140551 

1.55402 

133ni 

2 00982576 

0 
n -

MinmJm Average Maxrmum 
tl1ckneu thockneu thockneu 

0.00421143 25.6332 

112531 174m 

0.232056 12.3239 

0.449219 2D.7258 

-- -·-.- -

Mirm.wn Average Maxrnun 
thrckneu thrckneu tt-.ckness 

0 25.3343 

0 14 0661 

0 a.94rn 

0.174622 119 312 

0.21s:J> 20.5355 

0.219238 188596 

94394 

ns.2n 

487885 

460427 

Selec:t~s) 

~AI 

Standard 
de\11/lltan 

-··--

Standard 
deviallon 

96.5 

1 :ll707 

531266 

309 

45.1 315 

37.5 

~ 

1+1 

1aOS61 

156023 

11 .3671 

12.4466 

l• 

,. 
1a941a 

16.1534 

10 3099 

163.:ni 

12.3401 

26.3615 

l!J ------



Check the statistic of lithofacies log data, it is very important that the 
statistics of the blocked data match as closely as possible the statistic of the 
raw data 

Select log 

OepFCS_brd_a 

PH IT 
PERM_ a 
S'VI 

Blocked data 

Coda Name 

1 SM1 ... 
25M2 

3 SL • 4 SB 

5 Shale 

Original data 

Code Name 

1 SM1 

2 SM2 

3 SL 

4 SB 

5 Shale 

l! Dote ~~ 
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--
+ 
~ 

No. ol 

~AI 

t!J One 

~ 

I 
Intervals 

750 

1442 

1525 

1973 

1126 

No ol I 
lntelvab 

1420 

3560 

4843 .._ 
5345 

+ 
2287 

P•cent 

Pe~cent 

"Monirrun Aveuqa 
thckneoa ~ 

8.56799 0.502.258 4.09839 
~ + 

18 0556 0.391479 4 49204 
~ + 

18.6834 0.120605 4.39524 
+ 

34 6671 0 261353 6:m58 
200255t 0.322815 630031 

Miwnum Ave!l/04 
thocknel$ thocknet$ 

742144 0 2.21551 
~ + 

184113 00134W 2.19234 
~ ~ 

19.7959 0 1.73275 
t + 

33.ens 0 2.68636 .. + 
20.4992 0 179966 

~ AI 

U One 

r ln- t IJ 

Mamun . Stllndatd 
thckneot deviation 

~1400 
+ 

493238 -
B9 3617 

667731 

53 7761 

MaMirun Standard 
thcknen deviation 

21 4968 

43 

506919 

5277f£, 

92.4999 

~ 

l602n 

440481 

5.40163 

7.00534 

7.8433 

2.43498 

3~53 

2.54618 

4.18759 

S.s:JD 



Check the statistic ofPhiT, it is very important that the statistics of the 
blocked data match as closely as possible the statistic of the raw data 

Select log 

DepFCS_brd_a 
Uth5_a 

PERM_a 
S'W 

Blocked data 

No ol 
defined points 

17608 

Ongneldata 

Mlni!UII 
YU 

0.0091 

~ ~AI 
I' . Select zone( a] 

f i!J One 

II t' Invert 'J 

Awrage 
YU 

0.177334 

Mamun 
YU .. 

0321933 

Stardard 
devwlbon 

No. ol Mlllii!Un Ave~ age Maxm.rn Standard 
defined points YO YO vu devlallon 

128157 0.0018 0.177764 0 34 77 

~ C1ote I) 
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~AI 

l!:J One 

t' Invert ·J 

~ 

Q.il)39)12 

Q.(l)46111 



Check the statistic of Permeability, it is very important that the statistics of the 
blocked data match as closely as possible the statistic of the raw data 

Select log 

OepFCS_brd_a 
Uh5_a 
PH IT 

sw 

Blocked data 

Select zooe(s I 

No. of Mll"linum Average M~ StilllCiard 
defined points value value value deviation 

176m 2.01829e-006 169.203 3502.29 

Original data 

No. of Mininum Average 
defined points value value 

, 27843 6.91 085e-01, 

~ 

[ Appendices 8 [ 

166.69 

Mawrun 
value 

383271 

StilllCiard 
deviation 

Select wells] 

~AI 

0 One 

~ 

~ 

243.248 

243.298 



Check the statistic of Sw, it is very important that the statistics of the 
blocked data match as closely as possible the statistic of the raw data 

Select log 

DepFCS_b!d_a 
l.Jth5_a 
PH IT 
PERM_a 

No. ol Minirun Alfefage Mamun 
defined ~a vl!lJe vl!lJe value 

17608 0.001 0.699156 

Ongml data 

Standard 
deviation 

No. ol Mroinun Ave~&ge MalCIIUil Standard 
defined points vl!lJe value vl!lJe deWibon 

128157 o 001 o n502 

(' (he lj 
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For Lithofacies: BW QC using the Well log editor I calculator 

~ ,'t:... Oociooo-

~ 
FACES...NN 

2 4 • 

Raw Facies NN 

0""""'""' '~1 
Deolll""" 

C.... QAI 
CJ Ono PHil 

PER~ 

~~ 

l' r-.-'J 

r- -~ 

~ 
loll""""" IPHII 

PERM 
~ 

I 
8~ 
f"'t<""""'t PHil 

PERI4 
~ 

QC for all the wells. Result : OK 
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0 
IAIIO!Pov!iloo ... •M 

rs_....., ·•·J 

c..- )(. - v 
~ z 

FAOES.NN 
H- v-.. - 0 
SMI 
5M2 
SVc 
Sbl 
Sb2 
s-. 
M.-.o 7 I II 
Nodo2 
CMboMia 

FAOES.HN 

H- VM 
Hoole 
SM1 

' 51<2 
, Slle 
Sb1 
Sb2 
Sollllo 

,"-1=..,_ 

-;y-~-
SM-A5 

-

a-

FACEIS...NN 
2 4 • • 

~---

.iJ 

.iJ 
FACID_IIil .2J 

Zoom 

~ 
p., 

~ 
Zoom in at the Facies NN to compare 

blocked versus Raw logs. 



ForPHIT: 
:l!i 

__ }r_o""""rnodt. 

SM-A5 
PHIT 

O.OOUIS:I.1ai.1Sl.2!D.2Sl.30 . . . 

z.o.. 

OOC>IhlhOCio 

C.... QAI 
GO.. 

~sw 

t' 0-· '1 

I' R...,. 'j 

lgoaretlldolrlld-

Rowlogl St..,.,.logl: 

l Showv-..1'\~ ~ "J 

0 
LeftclsplevShowcolvlle 

u 
& Cel-· pooAoon 

CcUm K 
Row Y 

Boci<IJIU'd ......... . 
l"'tt~t PHIT 

PERM 
sw 

Blocke~ log 
FACES_NN 
N.,. va 

~ 

QC for all the wells. Result : OK 
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Nodo 
SM1 
5M2 
SVc 
501 
Sb2 
Smll4t 
Mudttono 
Nodo2 
c.-. 

0 
1 
2 
l 

• 
5 
6 
7 
B 
9 

--y- o..,.._. 
SM-A5 

~ · ....;;,;,;,;_ 

PHIT 
O.OIXl.OIS). 1ai.11D.2al.2Sl.30 

~ 
.2] 
.2l 

z.o.. 

~ 
p., 

~ . " 
Zoom in at the PHIT log to 
compare blocked versus Raw 

logs. 



For PERM: 
~l!l 

~~-D-.-
SM-A5 

PERM 
0 500 1000 11100 2000 . . . . . 

l' Oooo l j 

.iJ Wei. 1 Slol-115 • ,w Flo.on

.2] Modo 1 ~on¥ • , 

.21 ' Doc>lltWodl I tabill« 

0 
Lolldol>i'll 5._ ........ 

lleolhmode rs-'*""' • , 
eu- U loj FACES_NN 

oo.. IPHi"m••••••••••••• ~'>¥/ 

z-

•' Cloolt I 

{ R..,... l j 

, __ _ 
R ... ~ogs s._,..,~ogo; 

I' s._ • ....,., ... _ ~ 

CJ 
.:t;' 

C.. ow;·~ 
c ...... X 
Row Y; 
L- Z 

~ 8~ FACII:S_NN 
119< dol>i'lll PHil N..,. V,._ 

PERM N""" D 
'>¥1 tSMl 

P1n 5M2 

~ 
s~ 

ISbl 
Sb2 

.::,_ 
1NodoZ 
' c.t>onole 

QC for all the wells. Result : OK 
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c.: ..-}r ... o""""moc~e. 
SM-A5 

!'ERN 
0 500 1000 1500 2000 . . . ' 

~ 

.ei 
~ 

FACIES_,.. .2J 

Z<>ono 

~ 
w 
p., 

~ 
~ 

Zoom in at the PHIT log to 
compare blocked versus Raw 
logs. 



ForSW: 

- ',\ ... Ooodw-

SM-A5 
5W 

0.0 o.3 G.5 0.8 

a-

" 0 
l..elldoool.- S'-col•lla 

OtoP<Io/odl f r+'*' I 
D¢-

c..- W.. F...aES.,PIN 

.:JO,. ~,;.. 

~-----f c-oo. .~ ' 

Zan 

I ' R- ~ 

IW'IM~V..._. 

-logo s .......... 
,' s.--..... "j 

8~ FACIES.NN 
llot ....... l PHIT 

PERM 

~ Bod<QI...-.1 FACIES HH 
lo90cioolett PHil H.,. -

PER~ Node 

sw ISMl 
P.-a I s-..2 

~ 
,~ 

Sbl 
Sb2 
s ...... -N..W 
c-. 

u 
~ Cal-c...... X 

R"" y. .._ z 

Vu 

i I 
QC for all the wells. Result: OK 
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B 10\.1 n...\A .. I,..._l v 

Raw log 

-~ ... o.....,.-
SM-A5 

5W 
0.0 0.3 0.5 Q.81.0 

t' O... 'J 

~ 
.il 

FACIEI_NN 2J 

z.... 

~ 
p., 

~ 
Zoom in at the PHIT log to 
compare blocked versus Raw 
logs. 



24 

21 

l18 
115 
l12 

I 9 
l 

6 

s 

0 

BW QC using histograms to analyze distribution 

Dllta: PHIT Project 
Faa.: 8 J 10: SN1, SM2, Sllc, Sb1, Sb2, SmL 

0.0 0.1 02 0.3 0.4 
PHT 

544188 obMMllon8 (214 undet). Min. 0.0009, MaX. 0.4521 
Mean • 0.20972, St.c:tev. • O.oe3414, Sk.ftneee: ~.305«11 

FACIES_NN 

. N&Mie 
0 SM1 

0 SM2 
. Silo 
. Sb1 
. Sb2 

. Sm\.ta 

. Mudllone 
·~ 
. c.rbonM& 

24 

21 

l18 

115 
ft2 
i 9 
a:: 

8 

3 

0 

Data: PHIT, GecJmocW 
FadM: 8 of 10: SM1, SM2, Sllc, Sb1 I Sb2. Sm' ... 

o.oo o.oc o.oa 0.12 o.16 0.20 G..2A o.28 o.S2 
Pt-IT 

984$ obMMiaona (0 undet). Min • O.o-10225, MD • 0.32193 
,.., : 0.17782, st.dev.: ().~ ~: -o.AZe06 

FACES_NN 

. Nedll 
O SMt 

0 81.42 
Sllo 

. Sb1 

. Sb2 
·~ 
.Muc~Mone 

. Nedll2 
• Carbonllllt 

Check the statistic, it is very important that the statistics of the blocked data match as closely as 
possible the statistic of the raw data 

QC Result : OK 
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8 Lithofacies Eventually Grouped into 5 for Geomodeling 

[!] 0 
Massive sand 1 Massive sand 2 

SM-1 SM-2 
Phi - .22 to .24 Phi - .22 to .24 
Kair - 1 to 4 D Kair - 0. 5 to 1 D 

I Appendices 15 I 

0 
Laminated sand Heterolitbic sand 

Sl/c & Sm/ms 
Phi - .22 to .25 

Kair - 0.1 to 0. 8 D 

~ 
Bioturbated sand 

Sb1 & Sb2 
Phi - .11 to .23 

Kair - 1 to 200 md 

~ 
Shales 

!source: Samarang FFR Rep~rt2oo61 



Geomodeling workflow Scenario 

Scenario : 

v' The model was generated by modehng Depositional Factes which were used to 
constrain a lithofacies model. Depositional Facies were simulating using Facies Belt 
Simulation. 

~ , 
-./Lithofacies were modeled using Facies Indicator Simulation, using Local Vertical 
Proportion Curved based on Depositional Facies. 

~ , 
-./Porosity was simulated using Deterministic Interpolation and also using 
Stochastic Petrophisical Modeling Simulation with individual distribution for each 
of the five lithofacies. 

--- ----- - - - -----·· -

t 
-.1' Permeability generated using porosity-permeability function derived from the 
core data for each lithofacies 

I Appendices 16 ] 



Geomodeling workflow Scenario 

--.;.1_ 

-··· ,_ 

-- y 

Depositional Facies 
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y 

Litho Facies Porosity 

0 
¢==J 

Permeability 



Reservoir Architecture use for Modeling 

Proportion 
0.0 0.2 o.. 0.6 0.8 1.0 

~ 
!1!. 
3 r -

800 
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FS 
lljUMSF 

0 LSF 

llotbhcn 

0 0ther 

FS= Flooding surface 

MFS= Maximum Flooding surface 

P= Progradational (when S>A) / 

R= Retrogradational (when S<"' 

A= Aggradational (when S= A) t 
S= Rate of sediment supply 

A= Generation of accommodation space 

..1:::: 
~ 

~e::og·adt~ 
S:f!te-n 

AWid;r>; 
S")'S tfm 

-z: ?:og•G:l:rc 
1 

I ~II.. : ~ S:fi: !>T o -

/1£ - A~c\lr;mom•:n i~Jee :» - ~ea,er.l ~Pit 



Modeling Depositional Facies 
• Aims to replicate depositional setting 
• Prograding/ retrograding architecture 
• Logical ordering of Facies 
• Using Facies Belt Simulation 

..... 
Distal ""' 

---. 
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Proximal 

, , 

fiiCportoll 
0.0 D.2 11.4 o.e o.e 1.0 

~ 
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