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Abstract 

 

 Modeling of Point Bar Geology using a Grid Transformation Scheme 

and Geostatistics 

 

Henry Li, M.S.E 

The University of Texas at Austin, 2015 

 

Co-supervisor:  Kamy Sepehrnoori 

Co-supervisor:  Sanjay Srinivasan 

 

 Point bars, the convex inner banks of meandering rivers, exhibit distinct 

heterogeneities. Modeling these heterogeneities is essential because of the presence of 

mud/silt layers in point bars impede the flow of fluids in processes strongly controlled by 

buoyancy or gravity such as the steam chamber rise during Steam-Assisted Gravity 

Drainage (SAGD). This thesis details the modeling of point bars using geological trends 

and well data to supplement geostatistical simulation. 

The modeling processes in this thesis capture the internal geometry of the accretion 

layers as well as geological trends. Curvilinear grids are constructed between major 

erosional surfaces where a grid transformation scheme is used to transform the curvilinear 

coordinates into orthogonal coordinates for geostatistical simulation. The grid 

transformation allows flexibility in performing statistical simulation in rectangular 

coordinate while honoring the curvilinear geometry of the point bar. An entire point bar 
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model contains a series of accreting curviplanar grids. Geological modeling is done 

independently for each grid. The geology captures key trends that make up the 

heterogeneities in the model. 

The point bar model created is based on a modern point bar in the Brazos River. 

Data from thirty-three wells are used in creating the reservoir model. Several distinct trends 

are observed. There is an upward decrease in sediment size in the point bar. An overall 

fining downstream trend is observed in the vertical slices of the point bar. Heterolithic 

bedding is observed where frequent layers of silt extend from the top to near the base 

analogous to outcrops. Mud and silt dominate the upward regions of the point bar while 

conglomerate and cobble are mainly present at the base. 

A flow simulation model is constructed from the Brazos River Geologic to 

investigate the effect of mud drapes and fining heterogeneities on the development of steam 

chamber in SAGD recovery. The steam chambers were initially divided into pockets based 

on the flow barriers present. After 1 year of production, the steam chamber expands in the 

sand dominated regions. Bitumen is produced in the regions swept by the steam chamber. 

The mud drapes impeded the steam chamber rise preventing the sweep of the upper regions 

of the reservoir. Comparing to a homogeneous case, the Brazos River point bar model 

exhibited lower oil recovery. 
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Chapter 1: Introduction 

Flow simulation is a powerful tool for the prediction of future production. However, 

in order to make accurate forecasts of future production, a reservoir model is needed as the 

basis for predicting subsurface flow behavior. The accuracy of the underlying geologic 

model determines the robustness of the flow model. Therefore it is paramount to accurately 

model the underlying geology. Due to the scarcity of geologic data, representations of 

reservoir heterogeneity cannot be deterministic. The uncertainty in the geology should be 

estimated using statistical schemes that should take into account the geologic data 

presented.  

There are many scales of modeling, ranging from modeling of formations hundreds 

of meters in extent to the pore scale of a certain rock type. Large scale modeling captures 

the spatial distribution of major rock types in the geologic formation while the ultrafine 

scale modeling characterizes the effective petrophysical properties of individual rock types. 

Reservoir models used for flow simulation can incorporate the models at different scales 

in order to create an accurate model for computation. The standard process of making a 

flow model begins with the modeling of lithofacies observed in the subsurface geology. 

The modeling of petrophysical properties within the lithofacies follows. The resulting 

model would contain flow parameters such as porosity, permeability, and oil and water 

saturation.  

A representative geologic model is essential in order to properly model the 

petrophysical variations and thereby model the flow response accurately.  There are 
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different ways to model the geologic uncertainty of a reservoir. High quality seismic can 

be used to model the geology, however, the quality of the model obtained in this way 

directly correlates to the underlying seismic used. Another approach is geostatistics 

modeling incorporating geologic data describing the property variations, geologic 

information and any other data (e.g. seismic) that may be available. In exploration projects 

where the seismic quality is unreliable or absent, geostatistics method can still be 

incorporated using well data.  

This thesis details the modeling and simulation of point bar reservoirs saturated 

with heavy oil, analogous to the McMurray formation in Canada. Thermal stimulation is 

required in order to produce heavy oil from these reservoirs. The industry standard method 

of stimulation is Steam Assisted Gravity Drainage (SAGD).  

Point bars are the inner banks of meandering rivers that are created by the 

deposition of river sediments. They are formed from the depositional process of lateral 

accretion. The deposition occurs during cycles of floods where thin beds of sediments are 

deposited on the river bank. The floods are characterized by periods of high energy flow 

followed by periods of low energy flow. Coarse and Sandy sediment beds are deposited 

during periods of high energy flow. Fine sediments including mud and silt are deposited 

during the periods low energy flow. The fine sediments beds can extend to the lower 

sections of the point bar that pose as flow barriers to steam migrations.  Some floods could 

have been catastrophic in nature in that they may have eroded the previous bed. A 

significant erosional event can alter the depositional surface and re-orient the direction of 

future accretions. Such erosional surfaces are called re-orientation surfaces. Due to the 
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cyclicity of depositional and erosional events, the bedding structure of point bars is 

extremely heterogeneous varying drastically from layers of mud to sand.  

The high level of heterogeneity associated with point bars can impede the 

development of the steam chamber during the SAGD process. Detailed modeling of the 

point bar geology is therefore a principle component of any realistic simulation of the 

SAGD process. 

Several modeling challenges arise when modeling the heterogeneities in point bar 

reservoirs. The shape of the depositional surface is curvilinear mimicking the meander of 

a river and any continuity in the deposition follows this geometry. There are distinct fining 

trends and fine grain drapes that attribute to the heterogeneous nature of pointbars. 

Orthogonal grids cannot adequately model the curvilinear shape of the pointbar. Corner 

point grids can be a solution to modeling curvilinear geometry however geostatistical 

methods and measures for continuity are based on orthogonal grids. In order to address 

this, a new approach to model highly heterogeneous and curvilinear shapes is presented in 

this thesis. This new method incorporates a coordinate transformation that maps a 

curvilinear grid used to model the geometry of the pointbar into orthogonal coordinates 

where geostatistical modeling can be done. After this transformation, lithofacies simulation 

followed by the modeling of petrophysical properties is performed such that the fining 

trends and the effect of erosion are taken into account. 

The thesis concludes with the simulation of the SAGD process on the detailed 

model of heterogeneity associated with point bars. Two parallel horizontal wells are placed 

throughout the pay zone. The first well is placed in close approximate above the second 
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well. The pay zone will first be preheated by the two wells. After the preheating period, 

the two wells will open for steam injection. When the pay zone is adequately heated the 

first well (top) will switch to a producer and the second well (bottom) will continue to 

inject steam. In a homogeneous reservoir, the steam will develop into a chamber that 

expands upwards and laterally. Because it is imperative that heterogeneity in the form of 

mud drapes are modeled accurately within the flow simulation, a flexible gridding 

approach is implemented. The simulation grid is a corner point grid that uses 8 points to 

define the 8 corners of the block. The block geometry is not conventionally orthogonal but 

models the dipping of the layers. The thickness of each block is very thin (< 1m) in order 

to capture the high level of lithofacies variation between thin layers in point bar geology. 

The flow simulator employed is CMG STARS, a thermal processes reservoir simulator. 

The flow simulation results demonstrate the effect of mud drapes and petrophysical 

property variations on the flow response.   

The next chapter will explain the geology of point bar formations and literature 

review on the topic of point bar modeling and flow simulation. Chapter 3 introduces a 

modeling approach to adequately capture the geometry of the meander and the high level 

of heterogeneities within a point bar. Chapters 4 and 5 details the geologic modeling of an 

analogue point bar on the Brazos River in Texas and the resulting flow simulation of the 

modeled geology respectively.  
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Chapter 2: Review of Background Literature 

This chapter discusses the processes resulting in the formation of point bars and 

also the internal variations within them. The unique heterogeneities of point bar geology 

will be described and previous modeling efforts to represent those heterogeneities will be 

reviewed. Point bars are of interest because they are associated with large bitumen 

reservoirs such as the McMurray formation. The industry-accepted recovery technique for 

recovering bitumen is SAGD. The process of SAGD specifically the impact of point bar 

heterogeneity on the recovery of bitumen will be discussed 

2.1 Geology of Point Bars 

Point bars are a series of convex banks along a meandering channel belt shown in 

Figure 2.1. They are formed by lateral accretion of channels in a fluvial depositional 

system. As a river approaches a meander the flow velocity decreases. The decrease in flow 

energy allows suspended sediments to be deposited on the inner bank. With the 

accumulation of sediments, the accreting inner bank gradually displaces the channel path 

which causes erosion on the opposite outer bank. The coupling of erosion and accretion of 

a system of point bars causes the migration of the river meander over time. Because the 

sediment is suspended in the river, point bar form in series along a meandering belt. The 

depositional bedding that make up a point bar are a series of scroll bars formed from 

frequent flooding events. The floods exhibit cyclicity where high-energy flow periods 

alternate with low energy flow periods. Coarse and sandy sediments are deposited during 

high energy flow and muddy/silty sediments are deposited during low energy flow. Major 
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flooding events have the capacity to erode previous deposited bedding. The cyclicity of 

flooding events and erosions make the up the heterogeneous bedding exhibited in point 

bars.  

 

 

 

Point bars exhibit alternating layers of mud and sand are defined by the term 

inclined heterolithic stratification (IHS). Figure 2.2 shows an outcrop of a point bar with 

the alternating beds of mud and sand which are dipped at low angle (5°). The distinct 

geologic characteristic of IHS is the alternating layers of fine and coarse accretion beds. A 

close up view of an outcrop of a point bar showing the alternating layers is shown in Figure 

2.4 where the dark colored layers are mud. The layers of alternating colors shows the 

cyclicity of deposition. The finer beds consist of fine silt and mud which become barriers 

to flow. From observations, the dip angle of the IHS is dependent on the width and depth 

of the channel (Thomas 1987). Figure 2.3 shows different outcrop pictures of IHS deposits 

Figure 2.1: Aerial Photos of point bars. The point bars are the series of inner banks. 

Left photo courtesy of Oliver Kurmis. 
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with varying dip angles. Most IHS dip at shallow angles around 5-7 degrees however some 

depositions exhibit higher dip angle (10-30 degrees) such as the outcrops in Figure 2.3a 

and 2.3b. Understanding and correctly modeling these flow barriers is critical for the design 

and performance prediction of recovery processes such as SAGD.  

 

 

 

 

The geological modeling of point bars has proven difficult due to varying scales of 

heterogeneity (Deschamps 2011, Musial 2013). Small- scale heterogeneities exist within a 

single accretion unit while the large scale heterogeneities are characterized by the change 

of meander shape. Each accretion unit may exhibit fining up-dip as well as fining 

perpendicular to inclined surface (Thomas 1987). There is an overall fining upward and 

fining downstream trend. There is also a lateral fining trend observed in and away from the 

channel (Thomas 1987).  A diagram of the different fining trends are depicted in Figure 

2.5.  

Figure 2.2: Cross section of a point bar outcrop. Point bars are made up of alternating beds of 

mud and sand. The red line marks an erosional boundary within the point bar 

deposition. The white colored deposits are mud drapes. The beds are dipped at 5 

degrees. (Findlay 2015) 
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Major flooding events erode and alter the path of the river, drastically changing the 

orientation of future accretion. Modern examples of re-orientation can be seen from the 

topographic markings of point bars as shown in the aerial pictures of Figure 2.6. The 

outlines mark the boundary of the reorientation and the historic geometric shape of the 

meander. A single point bar can have several re-orientation surfaces (Thomas 1987, Nardin 

2013) marking major changes in the orientation of deposition. Re-orientation surfaces 

suggest that point bar growth is discontinuous and directly affected by channel discharge 

over time (Thomas 1987). Figure 2.7 shows the different erosional surfaces that can exist 

within one point bar.  

 

 

Figure 2.3: Various IHS outcrops showing various dip angles. All outcrops show alternating 

layers of mud (dark) and sand (white). (Thomas 1987) 
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Figure 2.4: A close-up view of an outcrop displaying the alternating layers of mud (dark) and 

sand (light) bed (Thomas 1987). 
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Figure 2.5: Illustration of fining trends observed in point bars. 1-overall vertical fining 

upwards. 2-lateral fining into an overbank sequence. 3-lateral fining into the 

channel. 4-downstream fining. 5-up-dip fining within each individual accretion 

unit. 6-fining perpendicular to inclined bounding surfaces within individual 

accretion units. 7- Fining upwards cycles within members of individual inclined 

units. Figure is taken from Thomas’ paper published in 1987. 
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Figure 2.6: Pointbars with topographic markings of previous meander shapes. The red curves 

mark the previous erosional surfaces. 
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Figure 2.7: Analogue of a pointbar showing major re-orientation surfaces (jagged lines). The 

different accretion zones with more uniform orientation that are separated by the 

re-orientation surfaces are marked by the numerals in the bottom image. 

(Thomas 1987) 
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The dip angle of the sediment beds vary along the meander. The straight sections 

between the meander of two point bar exhibit the steepest angle due to increase in flow 

velocity as shown in Figure 2.7. The same figure also shows that the slow flow around the 

meander on the top of a meander loop translates to bedding with the mildest dip angle. A 

general cross sectional shape of point bar bedding is sigmoidal (Thomas 1987). The 

depositional surface of a point bar at given time may not extend the entire length of the 

finished bar, which adds to the difficulty of correlating wells. However many studies 

involving outcrops give insight on the internal shape and geologic distribution (Deschamps 

2011, Labrecque 2011, Musial 2013, Nardin 2013).  

2.2 Description of Heterogeneities in Point Bars 

The geology of point bars exhibit very unique and complex heterogeneities due to 

the process of lateral accretion. There have been numerous case studies regarding point 

bars that give insight on their unique geology which should serve as a reference in reservoir 

modeling. The IHS deposits dip at a shallow angles (e.g. 6-8 degrees) towards the channel 

axis (Wightman and Pemberton 1997, Pranter 2007, Smith 2009, Hubbard 2011, Labrecque 

2011, Fustic 2012). A diagram of a pointbar with the bed dipping directions is shown in 

Figure 2.8.  
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In outcrops, the heterolithic bedding is seen to consist of sharp facies changes in 

the direction of accretion (Smith 1988, Labrecque 2011, Musial 2011, Fustic 2012, Musial 

2013, Nardin 2013). Due to the nature of the lateral accretion process, sharp discontinuities 

and breakdown of facies relationships will be frequent in the direction of accretion. The 

Figure 2.8: Illustration of a pointbar showing the dip direction along the bank. 
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cross sectional view of a point bar analogue based on well logs is displayed in Figure 2.9. 

The analogue shows the mud stone drapes that alternate between sand layers comprising 

the heterolithic bedding. 

A fining downstream trend has been observed in previous characterization of 

pointbars (Thomas 1987, Hubbard 2011, and Labrecque 2011). This is due to the reduction 

in river flow velocity at the inner bend of a meander (Leopold and Wolman 1960, Grag 

and Blanckaert 2002). Silt and mud layers dominates the downstream portions of a point 

bar and these deposits are thicker due to the decrease in flow velocity (Labrecque 2011). 

Figure 2.9 shows cores taken from a point bar where the upstream core is predominately 

sand and downstream cores display the alternating mud-sand layers seen in IHS deposits. 

The bottom image in Figure 2.10 displays an analogue of a cross section of a point bar 

perpendicular to the direction of accretion. From both wire log and core data, the frequency 

and presence of mud layers increases downstream.  

In addition to downstream fining, there is also an upwards fining trend. The fining-

up trend can be attributed to the increase in silt/mud bed thickness (Labrecque 2011) and 

intracycle fining-up of each lateral accretion unit (Thomas 1987, Pranter 2007). Both 

upward fining phenomena are due to the slowing of current flow near the top of the point 

bar (Thomas 1987). Both the wire log and cores suggests greater presence of mud drapes 

near top of the point bar. The variations in river flow energy through time also create an 

overall fining trend in the direction of accretion (Wightman and Pemberton 1997). Minor 

flow variations throughout a depositional cycle are reflected by fining trend with increasing 

radius of curvature within a single accretion unit (Thomas 1987).  
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Figure 2.9: Cores taken at different locations along the meander. The upstream core is 

consisted of sand and the downstream core show presence of mud layers. 

(Fustic 2012). The core sample in the IHS or point bar section exhibits 

alternation between sand and shale.   
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Connectivity of mud/silt beds extend in the dip direction which is observed in 

outcrops (Pranter 2007). Any mud/silt observed in the well data suggests an extension of 

mud/silt drapes to the top of the bar within that bedding. This observation is especially 

important when modeling the connectivity of mud/silt drapes. In the same bed layer of 

accretion, the deposition should not display very coarse sand or conglomerate depositing 

above mud/silt facies due to the upward decrease of flow energy.  

2.3 Previous Point Bar Geology Models 

There have been several previous attempts to model point bars (Deschamps 2011, 

Musial 2013). The previous models used outcrops of pointbars as analogues for the pattern 

of heterogeneity that can be expected. Musial used an outcrop from the Steepbank River 

North of Fort McMurray, Canada. A picture of the outcrop is depicted in Figure 2.11. The 

Figure 2.10: Analogue of internal pointbar cross-section interpreted from well logs 

(Labrecque 2011). 
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outcrop is a river valley where the previous deposited pointbar geology is exposed by the 

erosion due to the Steepback River. The modeling grid that was employed to model the 

heterogeneity observed on the outcrop was orthogonal with dimensions of 1000 m by 1000 

m and 38 m tall. The grid cell sizes were variable from 1 to 2 m in the horizontal and 1 m 

in the vertical. Five different facies were interpreted from the outcrops to represent rocks 

pertaining different flowing characteristics. The stochastic method Truncated Gaussian 

Simulation (TGSIM) was used to model the internal geology. TGSIM uses pre-determined 

proportion cut off to truncate a Random Gaussian Field (RGF) in order to create transitional 

geologic facies realization. The authors did not give specific details on the statistical input 

parameters however the outcrop information were used as hard data. Deschamps used an 

outcrop from South Bay cliffs near Scarborough, U.K. in his modeling of a point bar 

(Figure 2.12). The geology is also characterized by five facies within an orthogonal grid. 

Variable regions are chosen along the meander each with a rotated variogram with respect 

to the direction of accretion in order to capture the curvilinear shape of the meander. The 

modeling method is TGSIM on 6 regions each with a rotated azimuth. The Facies 

interpretations and outcrop identifications for both models are shown in Figure 2.13. In 

both papers, the facies interpretations identified rocks that are flow barriers and flow 

conduits. 
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The geologic models in Deschamps and Musial papers are shown in Figure 2.13.  

Deschamps model displays the curvilinear shape of a meander, but mud drapes are absent 

from the model. The beds are not very clearly defined and seem very discontinuous unlike 

the analogue point bar in Figure 2.2. The model in Musial paper (Figure 2.13B) defines the 

beds and fining within a point bar. However there was no distinct meander shape in the 

model. Without knowing the location of the geology with respect to the upstream, the 

downstream fining trend cannot be properly modeled.  

 

 

Figure 2.11: Steepbank river outcrop (Musial 2013). 
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Figure 2.12: Geologic models made from outcrop data. A- Musial’s Geologic model (2013). 

B- Deschamps’ Geologic Model (2011). 
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The models on orthogonal grid will not able to effectively capture the curvilinear 

nature of the meander. Variograms used in geostatistics can only capture spatial variability 

in orthogonal directions, however the complex meander shapes exhibit variability in non-

orthogonal directions. Furthermore, properties such as grain size or porosity are non-

stationary within each depositional sequence and across sequences. If the meandering 

shape had been absent in point bars such that the deposition occurred along straight banks, 

then spatial variability could have been depicted well using a semi-variogram. But because 

of the complex curvilinear geometry of point bars, variogram based models may have 

trouble variability along the shape of the meander. The method of discretizing the meander 

into different sections exhibiting different variogram characteristics as in Deschamps’ 

approach was able to capture a discretized shape of the meander however such method may 

capture some of the variability along the meander but that approach is computationally 

expensive and tedious when the meander shape is complex.  

Figure 2.13: South Bay cliffs outcrop located near Scarborough, U.K. (Deschamps 2011) 
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Figure 2.14: Outcrops and facies interpretations of point bars A- The actual outcrop (top 

panel) and the interpreted facies of the Steepbank River outcrop (Musial 2013). 

B- The actual outcrop (top panel) and the interpreted facies of the South Bay 

cliffs outcrop (Deschamps 2011). Both outcrops show finer facies near the top 

of the formation and coarser facies at the bottom. 
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The stochastic modeling of subsurface channels have been the primary motivation 

for the development of multi-point statistics (MPS) based methods (Caers 2001, Strebelle 

2002, Caers 2004). However the channel are associated with braided rivers and do not 

exhibit the high sinuous shapes of meandering rivers where point bars are formed. Most of 

the MPS models utilize only two facies types (channel and matrix) and does not define the 

internal heterogeneities of point bars. Figure 2.14 shows a training image and the resulting 

simulation of channels using MPS. Other training images define field scale facies 

variations including channel, crevasse splay, and levees (Figure 2.15). The utilization of 

MPS in the previous works are for defining channel shapes and there have been no specific 

implementations to model the pattern of variability along point bars. 

A key issue that needs to be addressed when developing MPS based methods for 

modeling the internal heterogeneity of point bars is that parameters such as facies 

proportions, grain size distribution, porosity, permeability etc. exhibit non-stationary. The 

inference of MPS require stationary training images and consequently, outcrops and aerial 

photographs cannot be directly used to develop reservoir models. 
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Figure 2.15: On the left is a training image for MPS simulation. The right figure is one realization 

of MPS using the training image on the left. The training image does not model 

complex meander shapes and models only two facies. (Arpat 2007) 
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Figure 2.16: A realization of a MPS that models channels. Facies 1 is matrix. Facies 2 is levee. 

Facies 3 is channel. Previous MPS simulation are only concerned with channel 

shapes with no consideration for internal geology. (Strebelle 2002) 
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2.4 Impact of point bar heterogeneity on SAGD performance 

Steam Assisted Gravity Drainage (SAGD) utilizes steam injection using a 

horizontal well in order to produce bitumen in a horizontal producer located a short 

distance away from the injector. Bitumen is a near solid hydrocarbon at reservoir 

conditions and requires thermal stimulation in order to flow. The injected steam heats up 

the bitumen in the region close to interface between steam and bitumen by thermal 

conduction. The heated bitumen that has a lower viscosity, flows to the producer by the 

process of gravity drainage. Horizontal injector is used because it maximizes steam 

chamber contact with the hydrocarbons. The injected steam forms a steam saturated 

chamber heating up the surrounding bitumen. The heated mobile oil drains down along the 

chamber wall into the producing well. As the heated oil flows down to the producing well, 

the steam chamber expands to fill up the voidage. An illustration of the SAGD process is 

shown in Figure 2.16. 
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Figure 2.18: Cross sectional view of a SAGD simulation. The cross section orientation is 

parallel to the well. Grid dimensions vary for every row. The horizontal grid 

dimension varies from 2 m (bottom) to 50m (top).  The coarser grid cannot not 

properly model the stream front. The legend shows the temperature of the cells. 

(Shin 2012). The pairs are the perforations at the base of the model. 

Figure 2.17: A diagram of the SAGD steam chamber. The heated bitumen drain to the 

producing well allowing the steam chamber to continue to grow. (Yang 

2009) 
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There are several studies that have focused on the reservoir simulation of the SAGD 

production technique. Card’s (1996) research involved a SAGD simulation for a dipping 

sand reservoir. The grid blocks used were 2 m by 2 m wide with total grid dimensions 45 

m wide, 45m long, and 47m high. The reservoir was assumed to have a uniform porosity 

of 33%. The study concluded that better quality steam reduces steam oil ratio (SOR) and 

the sweeping efficiency is above 90%. A study on grid optimization for SAGD simulation 

was done by Shin (2012). The study used a 1 m by 1m cell as the reference and compared 

it to larger cells. It was discovered that changing the length of cells perpendicular to the 

direction (width) of the horizontal wells could potentially drastically alter the quality of the 

simulation. Figure 2.17 shows the cross section of the simulation grid parallel to the well. 

As the resolution of the grid decrease the accuracy of the spatial description of the steam 

front also decreases. For a 2 m by 25 m grid resolution, the steam chamber no longer exhibit 

a plume shape. The resolution of a SAGD simulation grid is crucial to the accuracy of the 

flow model.   

Deschamps’ and Musial’s geologic models of point bars are used for the flow 

models to investigate SAGD steam chamber behavior. In Deschamps’ simulation (top 

row), the steam chamber shape is similarly to analogue steam chamber shape (Figure 2.16) 

except for locations with low permeability near the top. The steam chamber in Musial’s 

simulation did not develop for the entire length of the horizontal well but at select locations 

with high permeability and porosity. For both simulations, the development of the steam 

chambers are highly restricted by the presence of the flow barriers.  
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Figure 2.19: The steam chamber profile of SAGD simulation in heterogeneous geology.  
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Many different factor control the results of SAGD simulations. To accurately 

forecast the production of a bitumen reservoir, the production parameters and geology must 

be carefully considered. The unique heterogeneities of point bars make reservoir modeling 

a challenging task. The presence of mud drapes is critical to SAGD performance. In order 

to assess SAGD performance accurately, many geologic characteristics should be 

represented in the models. Characteristics including fining trends, bedding discontinuities, 

and extended mud drapes may impact the progress of the steam front significantly. 

Previous efforts to model point bars required detailed outcrop information with an 

abundance of geologic data. A new modeling method is needed to create models suitable 

for subsurface oil bearing reservoirs where geologic data is sparse. The geology and 

geometry of a subsurface reservoir need to be consider in order to create an accurate model 

for SAGD production simulation. This thesis aims to find a method to develop models for 

the complex geology of point bars using information such as fining trends and well data in 

order to model subsurface reservoirs.  
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Chapter 3:  Grid Transformation Modeling Approach1 

Previous point bar modeling methods use variograms that have difficulties 

modeling curvilinear shape of meanders. MPS methods that are used to model channel 

meanders cannot be used as easily to model point bar systems because of the non-stationary 

exhibited by internal heterogeneities that render the process of developing suitable training 

images difficult if not impossible. Within each accretion package there is a relatively 

smooth fining trend, MPS realizations will exhibit breaks in the continuities within a 

package which are artifacts of the simulation method.  

The previous models used outcrops as the basis of geologic data, however in real 

field applications geologic data is sparse or absent. A method is needed to accurately model 

the complex heterogeneities associated with point bar deposits using sparse data. The 

method also need to model the complex curvilinear connectivity of a point bar and the 

associated internal heterogeneities. Geologic analogues portray point bars as a series of 

accretion packages formed during cycles of floods. The individual packages exhibit fining 

trend updip and downstream. To account for the continuity of the geology in the point bar, 

the curvilinear connectivity of the geology, both aerially as well as in the cross section has 

to be represented and also the fining trends that reflects actual geology. On a Cartesian 

grid, the implementation of curvilinear shapes would be difficult. Any non-Cartesian grid 

                                                 
1 The contents of this chapter has been previously published.  Li. H., Srinivasan. S. 2015. Modeling Point 

Bars Using a Grid Transformation Scheme. Presented at the SPE Annual Technical Conference and 

Exhibition, Houston, 28-30 September 2015. SPE-175153-MS.  
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will run into problems with gridded geostatistical algorithms that are based on orthogonal 

grids. To add to the complexity of the internal geometry of a point bar, major erosional 

events alter the path of future accretions. Major erosion surfaces (re-orientation surfaces) 

marks internal discontinuity in the bedding orientation of a point bar. The proposed 

solution to the above modeling challenges is to contour curvilinear grids to the accretion 

packages and perform a coordinate transformation from curvilinear coordinates into 

Cartesian coordinates for the geostatistical modeling process. Multiple grid cells are fit 

between re-orientation surfaces that reflect the discontinuity from the major erosions. The 

model will be composed of several independent curvilinear grid packages that are then 

stacked in sequence, in order to represent the entire point bar deposit. The final model will 

reflect the geometry of a meander and geology that honors the fining trends as well as the 

continuity within beds while still faithfully retaining the discontinuities between successive 

beds. The geology will be modeled on the Cartesian grid allowing the use of robust 

variograms methods. In order to accomplish that, hard data from wells will also be 

transformed and used in the Cartesian space.  

3.1 Geometric Modeling 

Figure 2.1 clearly shows the shape of the meander within in a point bar. For 

subsurface point bars, meander can be resolved by high resolution seismic (Fustic 2008) or 

a channel migration simulation algorithm. In order to superimpose a grid on the point bar 

deposit, the major erosional surfaces must be defined. Detailed imaging of the geometry of 

accretion beds using surface or cross-well seismic may not be possible because of 
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resolution limitations. The total thickness of a point bar varies from 20 to 40m, and 

thickness of beds can vary from several cm to half a meter making seismic imaging almost 

impossible. A more simple approach to create a representative re-orientation surface is to 

use a generalized cross section shape and define it along a meander path. Fustic’s (2008) 

work on the geologic interpretation of point bar included seismic data that defines the 

internal meanders the McMurray subsurface point bar formation. From such a seismic 

image, a surface can be created by tracing a cross sectional shape along each meander that 

marks a major discontinuity. The resulting surfaces are connected to form a 3D grid. The 

modeling process will allow more smooth transition of properties within a package 

represented by the corresponding grid and major discontinues and re-orientations marking 

the separation between successive grids. Figure 3.1 shows the seismic image from Fustic’s 

paper and the markings of the major reorientation surfaces what would define the 

separation between successive grids.  
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By tracing a cross sectional shape along a meander, a re-orientation surface is 

defined. When a cross-sectional shape is traced along the meander, the resulting surface is 

also indexed in the dip direction and also along the meander. An example of a surface is 

displayed in Figure 3.2B. The indexes allow connection between two grids as they share 

Figure 3.1: Aerial view of a seismic image of a subsurface point bar. The red 

lines mark the major re-orientation surfaces. The blueish-grey 

mark a hypothetical grid created between the two surfaces by 

connecting the indexation. (Fustic 2008) 

The dark blue arrow denotes the direction of accretion. 
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the same gridded surface. The shape of the re-orientation surfaces must resemble the scroll 

shape of a previous river bank. Since the bank is oriented around a meander, the cross 

sectional shape is defined for each increment on the meander and orients towards a focal 

point. The focal point defines the orientation of dip along the meander. A comparison 

between a created surface and a point bar is shown in Figure 3.3. 

The grid is created when two surfaces are connect and the internal geometry will 

reflect a continuity in the path of accretion. The indexing of surfaces along the meander 

and the discrete distance between the two surfaces can be discretized to form 3D grids that 

define the accretion beds. The thickness of bedding and the entire grid can vary and is 

flexible for different geometries. The grid space is also curvilinear in order to resemble a 

curved path resembling downstream accretion. The overall structure of the grid is flexible 

and can model many different meander shapes. 
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Figure 3.2: The gridding scheme for point bar modeling. A-The Cartesian grid 

obtained after transformation, B-The curvilinear grid defining the channel 

meander and the sigmoidal shape of the individual accretion packages. 

The meander direction corresponds to the x-axis in the Cartesian grid. 

The dip direction corresponds to the z-axis and the accretion direction 

correspond to the y-axis of the Cartesian grid.  
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The Cartesian grid is created by carefully indexing the curvilinear grid that also 

facilitates the back-transformation process for mapping the modeled properties back to the 

curvilinear grid. A comparison between the actual meander and the modeled grid is 

illustrated in Figure 3.2. The X-Y plane is along the bedding plane. The X-axis corresponds 

to the coordinates along the meander. The Y-axis and the Z-axis are in the direction of the 

accretion and in the down dip direction respectively. When using geostatistical models, the 

variograms are inferred in the orthogonal coordinate frame of the transformed grid. 

Variogram-based modeling methods including SGSIM, TGSIM, and SISIM are used. 

Another advantage of the transformation is that it requires very few parameters describing 

the curvilinear geometry. Because the complex curvature is modeled by the grid, any 

training image used for simulating the properties within the grid using a MPS based 

approach only needs to focus on capturing the fining trends exhibited by the geology. This 

will render the simulations fast while using less geometrically complex training images.   
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Figure 3.3: Comparison between a curvilinear grid surface and a real point bar. The 

surface is created by solving a sigmoidal equation along a reorientation 

surface tracing the channel meander similar to the meander in the image 

on the bottom. The blue color region in the above surface mark the base of 

the channel (thalweg) 
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3.2 Geologic Property Modeling 

The modeling of properties such as rock type, porosity, grain size etc. is performed 

within the Cartesian grid. A categorical modeling approach is used to model the turbulence 

environment of fluvial depositions.  First the modeling of rock types or categories has to 

be performed. The facies are chosen consistent with the variation in grain size observed 

throughout the deposit. The finer facies include mud and silt while the coarser rock types 

define cobble and conglomerate. Several different geostatistical methods are available for 

geologic modeling. The particular methods used in this work are discussed below. 

3.2.1 Sequential Indicator Simulation 

Sequential Indicator Simulation (SISIM) is an indicator approach (Goovaerts 

1997). The algorithm allows the input of facies proportions for the simulated realizations. 

The number of indicators or categories is user defined and the proportions must add up to 

1. Unlike the continuous realizations of Sequential Gaussian Simulation (SGSIM), 

indicator algorithm can have abrupt, non-successive contacts between facie types (Figure 

3.4). A feature of the indicator approach for point bar modeling is the use of prior facies 

probability for developing the posterior realizations of facies distribution. This ability to 

use prior probability in the simulation process allows SISIM to model the sharp 

discontinuities between successive beds (Figure 3.5). This is in contrast to a simulation 

schemes such as SGSIM that models smooth variability exhibited by a Gaussian variable 

in space. The mathematical expression for indicator kriging/simulation as well as the 

simulation algorithm is presented in more detail in the next chapter.  
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The fining trends that characterize point bar geology can be modeled using the 

SISIM algorithm modified with the use of locally varying probability. In the fine grain 

depositional environment of the upper most portion of the point bar, the probability for 

mud and silt is very high and conglomerate is absent. In contrast, the deposition at the 

thalweg (lower portion) is mostly coarse facies including conglomerate and cobble. The 

use of locally varying probability is a necessity in modeling fining trend because the 

standard SISIM algorithm employs a global stationary facies proportion at every grid 

location. The algorithm will not be able to model varying probabilities of certain facies at 

different locations without locally varying proportions as is evident in Figure 3.5.  

 

 

 

 

 

 

Figure 3.4: A cross sectional view of a SISIM realization of beds. The fining 

transition between beds do show sharp transitions beds. The fining 

trend imposed is in the horizontal direction 

 

Beds 
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Figure 3.5: A 2D realization of SISIM. There is no order in the transition of 

facies. High order facies can contact low order facies unlike in 

methods with more controlled transition between facies as in 

TGSIM. 
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3.2.2 Truncated Gaussian Simulation 

Truncated Gaussian Simulation (TGSIM) has the characteristics of a continuous 

random variable algorithm however, with the ability to model facies transitions as in 

indicator based results. The method truncates random Gaussian fields (RGF) and 

characterize the facies value based on what interval the Gaussian simulated value falls. 

Similar to SISIM realizations, the TGSIM algorithm allows locally varying proportions. 

Due to the continuous nature of the underlying Gaussian field, the facies realizations 

exhibit a hierarchy structure.  The facies in the realization can only contact facies either 

one order up or one order down. The only case when the hierarchy is violated, is because 

of the poor resolution of the grid. The TGSIM algorithm is very good at simulating the 

fining trend observed in accretions packages (Figure 3.6). Unlike TGSIM, SISIM does not 

guarantee the transition of fine to coarse facies. There may be sharp discontinuity in the 

accretion packages from a SISIM realization where a smoother transition is appropriate. 

Because of the hierarchical structure, TGSIM will allow a smooth transition from the 

coarse facies at the thalweg to the fine silt and mud at the top of the point bar. However the 

hierarchy structure does not model the sharp contrast of facies between successive beds 

and this is an issue with using TGSIM for modeling the geologic variations within a point 

bar (Figure 3.7).  Within an accretion package the fining trend is fairly consist. However 

when erosion due to new flooding events occur, the contact between two accretion 

packages should exhibit a discontinuity in facies.  
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Figure 3.7: A cross sectional view of a TGSIM realization of beds. The fining 

trend within a bed is represented accurately however the sharp 

transition between beds is not represented well. This is because a 

smooth transition between facies is an intrinsic characteristics of 

TGSIM. 

 

 

 

Figure 3.6: A 2D realization of TGSIM. There is an ordered hierarchy in the 

transition of facies. Facies can only contact other facies 1 above or 

below its own value unlike in SISIM with stationary global 

proportions. 

 

Beds 
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3.2.3 Multipoint Statistics 

Multipoint Statistics (MPS) based methods create realizations by matching patterns 

observed on a training image to the simulation grid. The training image must represent the 

geology within a point-bar in order to create representative realizations. Benson & Shekhar 

(2015) have constructed a training image of a point bar deposition with hierarchical fining 

within accretion packages and sharp contrast between packages. In addition to modeling 

the fining geology of point bars, the geometry of a meander also must be modeled. The 

challenge for MPS methods for point bars is modeling both the geometry and geology. 

There have been numerous examples in literature of reservoir modeling using MPS based 

methods, however these have mainly focused on the modeling of sinuous channels. In those 

models, there are only 2 facies (channel and non-channel). When attempting to model the 

fining trends in geology and the mender shape of point bars, the previous models run into 

difficulties. When modeling only the channel, one is not concerned with the internal 

geology of the point but only the channel shape. Figure 3.8 shows a training image that 

captures the channel and some coarse scale heterogeneities within a point bar. The Training 

image is 300 by 300 by 50 grid with 5 facies. Facies 4 and 5 are the channel and matrix. 

The heterogeneities within a point bar is modeled by facies 1, 2 and 3 which are mud 

drapes, fine sand, and coarse sand respectively. A realization of the point bar is made using 

SNESIM a variant of MPS (Figure 3.9). The training image in Figure 3.8 is used in the 

simulation to model the heterogeneities of point bar and channel systems. There is a 

channel defined in the realization but there are also randomly scatter channel facies 

throughout the grid. The continuous shale beds indicating the erosional surfaces and the 
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subsequent accretion process observed in the training image are not modeled as a 

continuous facies in the realization.  

 

 

 

 

 

Figure 3.8: A training image consisting channel shape and internal point bar geology. 

Facies 1 - mud layers, Facies 2 - fine sand, Facies 3 - Coarse Sand, 4 - 

channel, 5 - matrix. This training image is the work of Kwangjin Lee from 

the University of Texas at Austin. 
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Figure 3.9: A realization of the training image from Figure 3.8 using MPS. 

There is a defined channel shape however the simulation is unable 

to control the random placement of channel facies at other 

location. The shale layers are sparse and discontinuous which do 

not resemble the continuous erosional surface observed in the 

training image. This realization is the work of Kwangjin Lee from 

the University of Texas at Austin. 
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3.3 Advantages of a Grid Transformation Scheme 

The three above geostatistical algorithm all present same difficulty in modeling the 

curvilinear geometry of the meander. SISIM and TGSIM are both variogram-based 

statistical method where the spatial variation can only be accurately modeled in a 3D 

orthogonal coordinate frame. Successive beds in a point bar were deposited during a lateral 

accretion of the entire channel meander. Computing the variogram on a orthogonal basis 

cannot capture the curvilinear continuity of the beds. By using a grid transformation 

scheme, the beds are stretched out and flattened onto an orthogonal grid. Variogram 

computation in this transformed space will yield realistic estimates of spatial continuity of 

rock types and properties. The direction of minimum continuity will model the sharp 

contrast between successive beds. The maximum and medium ranges of the variogram will 

correspond to the continuity of properties along the meander and in the dip direction. Figure 

3.10 shows the variogram ranges in the three directions describing an ellipsoid of 

anisotropy in the transformed coordinate frame. The corresponding ranges in the 

curvilinear coordinate frame are also shown. The direction of maximum continuity is in 

the downstream direction. The direction of median and minimum continuity are in the dip 

and accretion direction respectively. Downstream direction is chosen to be the direction of 

maximum continuity due to the lateral extension of the beds compared to the vertical. 

Another reason is that the fining trend is more prevalent in the dip direction compared to 

downstream (Labrecque 2011). The accretion direction is the direction between two 

successive beds where a minimum continuity is observed. The length of the variogram in 

the minimum direction should be significantly shorter than the variograms in the 
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downstream and dip direction. Ideally the correlation range in the minimum direction 

should model the thickness of individual beds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10: The Variogram directions in Cartesian coordinates and curvilinear 

coordinates. 
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In the next chapter, the geometric and geologic property modeling approaches are 

applied to model the variability observed in a point bar along the Brazos River. The 

available data is presented and the inference of parameters required for the geometric and 

geologic modeling is discussed in detail. Finally the results are presented and the strengths 

and weaknesses of the modeling approach are discussed. 
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Chapter 4:  Brazos River Point Bar Model2 

A point bar model is constructed based on a modern point bar along the Brazos 

River near Wallis, Texas. The geometry of the grid is guided by historic aerial photographs 

of the past meander shapes. The geologic modeling is aided by wells drilled though various 

sections of the point bar. Soft areal proportion information from the wells are used in 

conjunction with hard well data to model the pointbar without the use of outcrops. A grid 

transformation modeling method is used to model the curvilinear geometry of the beds and 

geostatistical techniques are used to model the fining trends exhibited within them.  

4.1 Brazos Point Bar 

The modeling procedure is demonstrated for a modern point bar along the Brazos 

River in Texas. The Brazos River starts in New Mexico and exits into the Gulf of Mexico. 

The accretion of the river meander and the formation of the point bar have been captured 

by historic photographs shown in Figure 4.1. The total length of the point bar has grown 

with the width stayed relatively constant. The left bank in the first photo has been eroded 

away as the meander progressed. The direction of accretion of the point bar started in the 

South East direction and gradually rotated to the South West direction.  

Thirty-three wells were drilled into the point bar at various locations to provide 

geologic data. An aerial photo of the point bar and the well locations are shown in Figure 

                                                 
2 The contents of this chapter has been previously published.  Li. H., Srinivasan. S. 2015. Modeling Point 

Bars Using a Grid Transformation Scheme. Presented at the SPE Annual Technical Conference and 

Exhibition, Houston, 28-30 September 2015. SPE-175153-MS. 
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4.2. Well logging is performed on all the wells to provide gamma ray data. The facies along 

wells have been interpreted from the gamma ray logs. A gamma ray log and the 

corresponding facies interpretation (Benson & Shekhar 2015) is shown in Figure 4.3. The 

facies indicators are sorted by the grain size detailed in Table 4.1. There are ten facies 

interpreted, ranging from mud (fine) to conglomerate (coarse).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Historic aerial photographs of the Brazos River point bar. 
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Figure 4.2: An aerial photography of the Brazos point bar in modern time. The red marks 

are the well locations. 

Figure 4.3: Well logs of the Brazos River point bar. (A) A gamma ray log from one of the 

Brazos wells. (B) The corresponding facies interpretation from the gamma ray 

log. 
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4.2 Grid Definition 

The internal orientation surfaces of the point bar must be defined in order to create 

the grid. The past meander shapes are inferred by the aerial photographs in Figure 4.1 by 

tracing the water line in the photographs. A surface cross sectional shape must be defined 

in order to create the surfaces. The cross sectional shape is then solved along the meander 

defined by the aerial photos.   

Using the general accretion shape as a sigmoid (Thomas 1987), surfaces are created 

at several historic meander orientations. The sigmoidal equation used for the surfaces is 

where h is the total height of the sigmoid, 𝛼 controls the dip, and b is the depth of the base 

of the sigmoid. A comparison between the sigmoid equation and the cross sectional shape 

Table 4.1: The ten lithofacies interpreted from gamma ray logs. Blue colors are fine-

grained facies and red colors are coarse-grained facies.  
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of point bar beds is shown in Figure 4.2. The red lines mark the surfaces that are represented 

well using the sigmoid equation. 

 

 

Four grid sections are created from five surfaces to represent the internal geometry 

of the point bar. The aerial photographs and their respective grid surfaces are shown in 

Figure 4.3. Due to downstream migration of the meander and erosion of upstream portions 

of the previously deposited lateral accretion packages, the thickness of each accretion 

section is observed to narrow downstream. The orthogonal grid is 180 units in the direction 

of meander and 100 units in the direction of dip. The thickness of the grids vary from 50 

to 200 units. The measurements of the units are variable depending on the contour of the 

surface.  

 

 

 

 

 

 

Figure 4.4: A comparison between a plotted sigmoid function and a cross section of a point bar. 

The red lines mark traces the boundary between successive beds which resembles a 

sigmoidal shape. Some beds are eroded at the top seen in the middle trace. The 

erosion of the beds terminates the sigmoid shape premature and may require more 

sophisticated cross sectional shapes. 

𝑍 =
ℎ

1+𝑒𝛼𝑋
+ 𝑏                                                                                           (4.1)      
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Figure 4.5: Aerial photographs and their respective surface grids. Top: historic aerial 

photographs depicting the meander shape in the past. Bottom: plots of 

surfaces representing the aerial maps. 
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4.3 Geologic Data 

The geologic data is available along thirty-three wells that span the profile of the 

point bar. Figure 4.3 shows three interpreted wells that are taken at different locations along 

the meander. The wells follow the same facies color designation as in Table 4.1. The 

common observation with the three wells is that the facies with fine grain size such as silt 

and mud dominate the upper portion of wells and coarse facies are present near the bottom. 

The wells exhibit a high degree of facies contrast between beds that is a product of the 

cyclicity of deposition described in the earlier chapters. The wells are approximately 20 m 

deep with distinct layers that are less than half a meter thick. These thin layers of mud/silt 

may not be represented in coarser reservoir simulation models however they may act as 

significant vertical barriers to stream chamber rise during the SAGD process. This is a 

reason why it is important to understand the geologic structure of point bar reservoirs and 

incorporate some of the details in fine scale models. 
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Figure 4.6: Facies interpretation of three wells at different location along the point bar. The 

downstream well has significant higher proportions of fine facies. The presence 

of coarse facies (warmer colors) is less in the midstream and downstream wells 

than in the upstream well.  
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In order to condition the simulation to the fining trends described in the earlier 

chapters, a soft conditioning input is needed for the geostatistical simulations. These soft 

conditioning inputs are exhaustive sets of probability density functions (pdf) that lists the 

probability of each facie at each cell adding up to a total probability of 1. In order to model 

the fining trends exhibited in the Brazos point bar, the wells are pooled into upstream, 

midstream, and downstream sets. The proportion of each facies at a particular depth in a 

particular section of the meander is obtained by looking at the data for all the wells within 

the section at that depth. This yields the vertical proportions map at different sections along 

the meander. Figure 4.3 shows the vertical proportions map for the upstream, midstream 

and downstream section along the meander. The proportion map shows a high proportion 

of sand and coarse facies near the bottom and transition to a mix of facies in the middle. 

Fine mud and silt facies dominate the upper portions of the point bar. The maps show 

smaller proportion of coarse facies downstream and higher proportion of fine facies 

indicative of downstream fining. 
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Figure 4.7: Vertical proportion maps derived from wells. The maps represent upstream, 

midstream, and downstream directions. 
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4.4 Stochastic Simulation 

The geostatistical method used to model the heterogeneity within grid layers is 

Sequential Indicator Simulation with locally varying mean (SISIM LVM). The posterior 

probability for a facies in SISIM LVM algorithm is given by 

 

 

where y is the local soft data probability and I is the hard data present in the grid. The 

weights 𝝀𝜶 are determined by solving the indicator system: 

 

 

Table 4.2: A table of variogram inputs for the SISIM LVM simulation. The 

variogram range are for the orthogonal simulation grid. The Hmax is in 

the meander direction in the real world coordinates. Hmed is in the dip 

direction and Hmin is in the direction of the accretion. 

[𝐹(𝑢; 𝑧𝑘|(𝑛))] = 𝒚(𝒖; 𝒛𝒌) +  ∑ 𝝀𝜶(𝑢; 𝑧𝑘)[𝐼(𝑢𝛼; 𝑧𝑘) − 𝒚(𝒖𝜶; 𝒛𝒌)]
𝑛(𝑢)
𝛼=1       (4.2) 

∑ 𝝀𝜷(𝑢; 𝑧𝑘)𝐶𝐼(𝑢𝛼 − 𝑢𝛽; 𝑧𝑘) = 𝐶𝐼(𝑢𝛼 − 𝑢; 𝑧𝑘)     𝛼 = 1,… , 𝑛(𝑢)
𝑛(𝑢)
𝛽=1          (4.3) 
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Each slice of the grid in the direction of accretion is then conditioned to the well 

data present in that slice and also to the local probability. The geostatistical simulation is 

performed on the transformed Cartesian grid. The variogram input parameters are 

displayed in Table 4.2. The variograms are modeled using a single spherical structure. As 

explained in Chapter 3, the major axis of anisotropy is in the direction of the meander of 

the channel. The median axis of anisotropy is in the dip direction and the minor axis is in 

the direction of accretion. The simulation only models the fining trends and silt drapes 

within each accretion grid. The grid transform models the geometry of the meander. A 

posterior histogram correction algorithm (Journel 1993) is used to correct the facies 

proportions of the simulations to resemble the conditioning well portions in each grid. 

4.5 Brazos Geologic Model 

The modeling results are first shown in the Cartesian frame of reference. The 

resulting simulations from the orthogonal grid are transformed into real world curvilinear 

coordinates. The point bar model displays a fining up trend and within each accretion 

package there is also a fining trend as we travel up dip. The point bar also exhibits an 

overall fining downstream trend. The highly heterogeneous beds are modeled along with 

the presence of mud drapes. The presence of mud drapes will be crucial for the prediction 

of SAGD performance as detailed in the next chapter. 

The geologic model consists of 5.7 million active cells out of 7.4 million total 

blocks. The inactive cells are the truncated part of the grid from erosion. The upstream and 

downstream portions of past meanders extends beyond the outline of the modern point bar 
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meander. Previously deposited sediments on the upstream and downstream sections are 

eroded as the point bar grows.  Figure 4.6 shows a realization of the SISIM LVM simulation 

in Cartesian grid. The top figure is a realization using the generic SISIM algorithm without 

soft conditioning and the bottom figure is the realization with local soft data conditioning 

used for the Brazos model. It is clear that the generic algorithm cannot capture the fining 

trends and non-stationary facies proportions of a point bar. The soft conditioning allows 

the realization to capture the fining trends within a point bar.  

 

 

 

 

 

 

 

 

 



 63 

 

 

 

 

Figure 4.8: Realizations of SISIM (top) and SISIM LVM (bottom) in Cartesian 

coordinates. There is a fining trend in the SISIM LVM realization as the fine 

facies at the top transition to the coarse facies near the base. 
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The simulated results were then back-transformed to the original curvilinear grid. 

The front view of the Brazos point bar in this curvilinear grid is shown in Figure 4.7. The 

curvilinear grid displays the meander shape of the channel as well as the sigmoidal cross 

section shape of sediment beds. The grid is exaggerated in the vertical by a scale of 5:1 and 

the two horizontal axes are on the same scale. The direction of river flow goes from the 

upstream section on the right of the figure to the downstream section on the left. 

 

 

 

 

 

 

 

Figure 4.9: Front view of the point bar. The model is in the curvilinear grid orientation. 
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Vertical slices through the point bar model (Figure 4.8) depict the unique 

heterolithic bedding in point bars. The extension of mud/silt drapes down dip resembles 

the patterns observed in outcrops. The silt drapes extends down the furthest in the 

downstream slice (Figure 4.8 C). The proportion of silt drapes is also higher in the 

Figure 4.10: Vertical slices through the point bar model at (A) an upstream section, (B) 

midstream section, and (C) downstream section. The direction of accretion is 

right to left. The unit of measure is in meters. The upstream slice show 

increased coarse facies (red) proportions at the bottom compared to the 

downstream slice. The presence of fine facies (blue) increases in the 

downstream and midstream sections compared to the upstream section.  
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downstream slice compared to the upstream slice. These extensions of the mud/silt facies 

will be barriers to steam chamber rise in SAGD operations.  

Areal slices through the point bar at three different depths are shown in Figure 4.9. 

These horizontal slices provide a good indication of the fining up trend.  The facies are 

predominantly fine grained (blue) at the 85 percent total height above thalweg (Figure 4.9 

A). Coarser grain sediments (red) such as conglomerate are present near the base of the 

pointbar (Figure 4.9 C). The middle slice (Figure 4.9 B) shows mostly intermediate facies 

but displays heterolithic stratification with sharp contrasts between facies in the direction 

of accretion. 
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Figure 4.11: Horizontal slices through the point bar model. (A) 85 percent of vertical 

height from the thalweg (upper point-bar), (B) 50 percent of vertical height 

from the thalweg (middle point-bar), and (C) 15 percent of vertical height 

from the thalweg (lower point-bar). Right to left is the downstream direction. 
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The Brazos model is very similar to geologic analogues. In Figure 4.10 the model 

slices are compared to an outcrop and a seismic image. Both the seismic data and the 

horizontal slice through the Brazos model display curvilinear layers alternating between 

sand and mud which is a product of cyclicity in the deposition environment as well as the 

erosion process. In cross-sectional view, the mud/silt layers extend to the lower portions of 

the point bar as seen in Figure 4.9 C where it is indicated by the presence of fine facies 

(blue colors) at lower regions of the point bar. The discontinuity between one bed to the 

next and the inclination of the beds is consistent with the visualization along the outcrop. 

The mud/silt layers will have great implications on the steam chamber rise in SAGD 

operations. The following chapter will detail the SAGD simulation on Brazos point bar 

using it as a geologic reference.  
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Figure 4.12: Comparison to analogue. The alternating layers of sand and mud/silt are 

displayed in both the model and the analogues. 
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Chapter 5: SAGD Flow Simulation 

This chapter discusses the effect of point bar associated heterogeneities on steam 

chamber development and demonstrates these effects through simulation of the SAGD 

production method. The flow simulation is performed both using a homogeneous geologic 

model as well as the complex model with the details of the IHS geology for comparison. 

The Brazos River point bar model will be used as the subsurface geologic model for the 

heterogeneous (IHS) case.  

5.1 SAGD production 

One of the major point bar oil plays in the world is the McMurray Formation in 

Alberta, Canada. The formation contains bitumen which is a near solid hydrocarbon at 

reservoir conditions. Thermal stimulation is required in order to produce from such 

bitumen plays. The main thermal production method that the oil industry uses is SAGD 

which involves thermal stimulation from steam injection and production from gravity 

drainage. SAGD utilizes two parallel horizontal wellbores for the injector and the producer 

separated by a short distance (4-7 m). Before production, the wells are preheated to 

stimulate the bitumen near the well-bore. After the preheating period, the top well injects 

steam while the bottom well produces the oil drained along the walls of the steam chamber. 

The steam heats up and displaces the in-situ bitumen allowing the resulting liquid 

hydrocarbon to flow down to the bottom production well due to gravity drainage.  
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5.2 Simulation Grid 

The SAGD simulation will be performed on two models. Using the same grid 

geometry as that for the Brazos model, the first model will be a homogeneous grid with 

constant permeability and porosity. The second will account for the geologic 

heterogeneities present in the Brazos River geologic model. The reservoir simulation 

software used is CMG Stars. 

The size of the entire Brazos River geologic model is too large to be considered for 

a flow model. Flow simulation using the entire model will be very computational expensive 

and time consuming. In addition, the steam chamber in SAGD will only stimulate bitumen 

in an area near the vicinity of the injector and will not affect the bitumen far away from the 

well pair. Due to these considerations, the simulation grid is specified to be a sub-section 

of the geologic model that will capture the effect of mud drapes and the fining sequence of 

the point bar deposits.  The simulated sub-section of the grid is shown in Figure 5.1. The 

section is 100m long and 50 m wide. The entire height of the geologic model is specified 

for the flow simulation. The simulation grid dimensions are 49 X 100 X 142. The specified 

grid accounts for the entire length of the well pair (100 m). The well is placed in the middle 

of the flow model in order to allow the full development of the steam chamber. The 

orientation of the well pair is in the direction of accretion. The highly variable geology 

between successive beds in a point bar are captured by the 142 layers specified. A 3D view 

of the flow model is shown in Figure 5.2.  
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Figure 5.1: The sub-section of the Brazos point bar model used for flow simulation.  
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Figure 5.2: The flow simulation grid cut from the Brazos River geologic model. The 

homogeneous and the heterogeneous model both use the same cell 

geometry except the varying permeability and porosity in the 

heterogeneous case. A - The depth of the cell blocks. B – Vertical 

permeability of the heterogeneous case.  
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The homogeneous model uses a constant porosity of 0.2, constant horizontal 

permeability of 1900 md and constant vertical permeability of 1100 md. The constant 

petrophysical attributes are the volume weighted average of the IHS model. The 

heterogeneous model uses the modeled facies to determine the petrophysical properties. 

The Brazos well data for petrophysical properties was unavailable. However in a paper by 

Deschamps (2011), the rock properties of a typical point bar were extracted from a 

subsurface analogue of a point bar in Canada. The rock properties for the Brazos simulation 

model were populated using the same analogue values and displayed in Table 5.1. For both 

models the initial bitumen saturation is 0.85 (0.15 for water). 

 

 

 

 

 

 

 

 

 

 

Facies φ Kh Kv 

1 0.01 0.1 0.01 

2 0.05 0.5 0.4 

3 0.12 1500 750 

4 0.2 2000 1000 

5 0.225 2250 1150 

6 0.25 2500 1300 

7 0.3 2750 1650 

8 0.35 3000 2000 

9 0.35 3500 2333.333 

10 0.35 4000 2666.667 

Table 5.1: The rock properties of the 10 facies in the Brazos River point bar.  
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5.3 Simulation Parameters 

The aim of the simulation is to model point bar reservoir flow behavior similar to 

the ones in the McMurray formation. The reservoir properties were chosen to resemble 

bitumen plays. The reservoir top is placed at a depth of 500 m with a reservoir pressure of 

2000 kPa at that datum. The bitumen density is 0.97 g·cm-3 with a thermal expansion 

coefficient of 2.0E-4 °C-1. The viscosity vs. temperature curve for bitumen is plotted in 

Figure 5.3. The relative permeability curves for water and oil are shown in Figure 5.4. 

The production strategy is to preheat the pay zone for 6 month then open up the 

steam injector and producer at the same time. The preheat temperature of the well is set to 

230 °C. The steam temperature is set at 230 °C with a steam quality of 0.9. The injection 

well is set at 2800 kPa and the producer well pressure is set at 1500 kPa.  
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Figure 5.3: The viscosity vs. temperature curve for the bitumen in the reservoir. As 

temperature increases the viscosity decreases allowing the bitumen to 

flow. (Murugesu 2015) 
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5.4 Flow Simulation Results 

 After the 6 month preheat period the injector and producer are opened 

simultaneously. The production continues for 12 month until the steam chamber reaches 

the edge of the grid.  

The flow simulation results are compared for the homogeneous model and the 

detailed point bar geologic model. Figure 5.5 and Figure 5.6 are the temperature profiles 

for the homogeneous and point bar geology models. The steam first rises upwards then 

spreads through the width of the reservoir. The homogeneous model shows a smooth 

vertical rise from the injector and forms a uniform steam chamber analogous to the steam 

Figure 5.4: The relative permeability curve for water and oil used in the flow 

simulation. (Murugesu 2015) 
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chamber diagram in literature (Figure 2.16). In the heterogeneous model, the temperature 

did not propagate uniformly along the entire length of the well but starts at few pockets. 

Comparing the temperature profiles to the vertical permeability model (Figure 5.6), the 

pockets of low temperature are directly above the mud/silt drapes which suggest that steam 

were blocked from rise to those regions. Further investigation of the ternary phase 

saturation maps (Figure 5.7) confirms that the steam indeed did not rise uniformly due to 

the presence of mud drapes. The top slice in Figure 5.7 shows a mud/silt barrier that extends 

the entire width of the slice. Consequently, the steam chamber was not able to rise to the 

top of the reservoir like the homogeneous case. The flow barrier caused the steam chamber 

rise to be curtailed and caused it to grow laterally along the flow barrier. In the slices shown 

in Figure 5.7, the mud/silt layers are not continuous across the slice and therefore the steam 

rises further until it reaches a barrier that spans the width of the grid.  
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Figure 5.5: The temperature profile of the homogeneous case. The slice is cut half-way 

along the well (perpendicular). The temperature profile mimics the shape 

of the steam chamber. The steam chamber first rises to the top of the 

reservoir then spreads laterally forming a chamber analogous to Figure 

2.16. 
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Figure 5.6: The temperature profile of the heterogeneous case. The slice is cut half-

way along the well (perpendicular). Unlike the homogeneous case, the 

steam chamber is unable to rise to the top as it is blocked by the mud/silt 

drapes. The pockets where the temperature is high are more widespread 

because of the inhomogeneous distribution of steam along the length of 

the well.  
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Figure 5.7: The ternary profile slices at 1/3 (top) and 2/3 (bottom) of total length from 

the end of the well. The profiles are captured during year 1 of production. 

In both slices, the flow barriers inhibited the rise of the steam chamber. 

After reaching the top of the reservoir seal, the steam chamber expands 

laterally and forms a wide inverted cone shape same as in Figure 5.5.  
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The mud/silt drapes limit the steam chamber development to pockets of high 

permeability at early stages. As the steam is continuously injected, the chamber contours 

to the shape of the flow barriers. Figure 5.8 displays the ternary saturation profile along a 

section that contains the wells. It is evident that the steam chamber is never able to rise 

through the flow barriers. After 12 months of injection, the steam rises updip and finds 

alternate flow paths to saturate locations that were not reached earlier from the injection 

point directly below. This is also seen in the top slice of Figure 5.7 where a small region 

saturated with steam exists seemingly unconnected to the main chamber location in that 

slice. This small pocket is from an injection point further down the well from which the 

steam has travelled updip to form the isolated pocket. The main steam chamber and this 

small pocket is separated by flow barriers in the slice presented. 

Figures 5.9 and 5.10 are the oil saturation profiles. The grid is sliced perpendicular 

to the well direction. In the homogeneous case, the oil drains from the steam chamber down 

to the production well along the wall of the chamber and there is some ponding of the oil 

in the vicinity of the producer. There is a transition zone from the residual oil saturation 

within the chamber to the undrained saturation outside the chamber. For the heterogeneous 

case, parts of the reservoir were not produced due to the mud/silt drapes blocking the steam 

rise.  
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Figure 5.8: The ternary saturation profile of the heterogeneous model. The cut away 

section is along the length of the wells. The steam chamber (indicated in 

pink/red colors) develops in pockets due to the presence of flow barriers. 

The steam chamber develops fastest in the middle section where flow 

barriers are absent. 
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Figure 5.9: The oil saturation profile for the homogeneous case. Oil warms and drains 

to the bottom producer. The V-shape at the bottom is a unique SAGD 

feature formed from gravity drainage. 
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Figure 5.10: The oil saturation profile for the heterogeneous case. The oil drains in 

pockets where the steam chamber was able to develop. Because of the 

flow barriers present in the model, some parts of the reservoir were not 

reached by steam until several month after the start of injection.  The top 

is the grid cut along the well. The bottom is the grid cut perpendicular to 

the well at the mid length. 
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A horizontal slice through the heterogeneous case is displayed in Figure 5.11. The 

ternary and oil saturation profile shows that the steam chamber is indeed disconnected due 

to the presence of mud/silt drapes.  Greatest steam chamber continuity is observed in the 

middle section which is devoid of mud/silt barriers. The discontinuity due to the shale/mud 

drapes is not very visible in the temperature profile because the thermal conductivity of 

shale allowed the heat to be conducted through the barrier and results in a connected 

temperature profile.  

The cumulative production and monthly average rate profile are displayed in Figure 

5.12. The production profile spans for 1 year. The 1 year cumulative production of the 

homogeneous model is 45 percent more than the IHS model. In the production rate profile 

the IHS model started with a higher rate but reached the production plateau sooner. In the 

homogeneous case, the production rate rose past the plateau of the IHS case and continue 

to rise until reaching its production plateau. The higher initial rate in the IHS case was the 

cause of the higher cumulative production for the first 5 month.  

The cause of the higher production is attribute to the petrophysical properties 

specified for the two models. The IHS model has higher permeability at the bottom due to 

the upwards fining of facies. The petrophysical properties of the homogeneous case is 

calculated as the volume average of the IHS model, but this includes both the high 

porosity/permeability of coarse sand and low porosity/permeability of mud/silt. The 

calculated effective porosity/permeability of the homogeneous model is therefore lower 

than the coarse facies at the bottom of the HIS model close to the wells. The higher 

permeability region near the producer is responsible for the higher initial production of the 
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HIS model. However the flow barriers in the IHS model inhibit the rise of the steam 

chamber and prevents it from sweeping the areas near the top of the reservoir resulting in 

a lower overall cumulative oil production 
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Figure 5.11: A horizontal slice of the heterogeneous model cut at the producer well. 

The well spans horizontally through the model and centered vertically in 

the middle. Using the permeability profile as a guide, the three other 

slices show an impedance in the development of the steam chamber due 

to the flow barriers present. The middle region is absent of flow barriers 

which explains the continuity in the steam chamber shown in the ternary 

profile. The slices where taken at year 1 of production. Right to left is the 

well path and direction of accretion. 
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Figure 5.12: Cumulative production and monthly production (day rate) profiles for 

both homogeneous and IHS models. 
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Chapter 6: Conclusion and Recommendations 

6.1 Summary 

The first objective of this thesis is to model the heterogeneities associated with point 

bar geology. Point bars are formed from the deposition of suspended sediments from 

recurring flooding events. Point bars are difficult to model due to the curvilinear nature of 

their beds and heterogeneous geology due to the highly cyclical nature of their depositional 

environment. The flooding events have periods of high and low flow energy which results 

in high variation in the grain size of successive beds within a point bar. Erosional events 

can alter the shape of the depositional surface and re-orientate the accretion direction of 

future depositions.  

Traditional geostatistical methods can only model spatial continuity that can be 

described within a Cartesian frame of reference. Inferring and model spatial continuity of 

point bars is difficult using conventional geostatistical techniques because of the 

curvilinear geometry of point bars. MPS methods requires training images which needs to 

have predefined geometry and geology. In Chapter 3 a grid transformation scheme is 

introduced to model the curvilinear geometry of point bars. First the re-orientation 

(erosion) surfaces are defined and connected to create the geometric grid of the point bar. 

The surfaces are defined by solving a cross sectional function that describes the meander 

shape. The resulting surfaces are indexed such that the variability in the direction of the 

meander, in the direction of the dip and across the bed can be described. This indexation 
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allows the curvilinear grid to be transformed to a corresponding orthogonal grid where 

variogram based statistics can be used to model the fining trends exhibited by the geology.  

This methodology is applied to model a point bar on the Brazos River in Texas, 

USA. The dipping surfaces of the point bar are defined using a sigmoidal function. The 

meander shapes are inferred from past aerial photographs. Using well data from thirty three 

wells, the fining trends exhibited within the point bar is inferred. The geologic model 

exhibits fining downstream and fining up-dip trends. There is high level of geologic 

variation between successive beds that models the cyclic nature of deposition as well as 

erosions. These trends are modeled within the transformed Cartesian grid using the 

indicator simulation algorithm, SISIM LVM. This algorithm utilizes spatially varying 

vertical proportion curves inferred from the well data. 

The second objective of this study is to perform SAGD simulation of the point bar 

geology to show the effect of heterogeneities on steam chamber rise. The flow model uses 

a subsection of the Brazos geologic model. Two cases were considered for flow simulation. 

Using the same geometric grid, a homogeneous geology and a point bar IHS geology were 

specified in order to compare the development of the steam chamber. The SAGD well pairs 

run parallel to the length of the grid. The wells are first preheated for a period of 6 month. 

After the preheating period the injector and the producer well are opened simultaneously. 

In the homogeneous case, steam rises to the top of the reservoir hitting the seal and then 

expands laterally giving rise to a classic V-shaped steam chamber. In the heterogeneous 

case, the steam chamber ceases to rise to the top of the reservoir if flow barriers are present. 

The migration of the steam conforms to the shape of the impermeable mud/silt drapes. The 
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simulated production profiles showed that the production is higher in the IHS model at 

initial times because of higher permeabilities towards the base of the IHS model due to the 

fining sequence.  However, the flow barriers and upwards fining of the sand eventually 

result in a lower overall cumulative oil production for IHS reservoirs.  

6.2 Recommendations 

The fining sequence within each accretion package should be relatively continuous 

and exhibit an orderly transition of facies. On the other hand, the geology between 

successive beds should vary drastically. The indicator simulation algorithm used in this 

study was able to model the sharp discontinuity between beds but may introduce contact 

between coarse and fine grained facies (e.g. non-adjacent facies 2 and 8) within accretion 

packages that are artifacts of the simulation method. Future work can focus on more 

accurate modeling of the fining trend within accretion packages while preserving the sharp 

discontinuity between beds. The geometric modeling method allows the use of different 

cross sections to define the shape of the meander bank. The cross section shape can be 

functions other than sigmoidal function used in this research. With the incorporation of 

high resolution seismic and dip meter data, the cross sectional shape can modeled in detail.  

The computation time of fine grid flow simulation is a concern. In order to capture 

the effect of thin shale drapes and other heterogeneity on oil recovery rate/profile, high 

resolution simulation grid is necessary, however, such grids may not be practical for field 

scale simulations. Robust upscaling schemes are necessary that can capture the effect of 

internal heterogeneities on coarse scale effective flow and transport properties. Because 
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the beds in a point bar may be under 1 m thick, any upscaling could break the structure of 

the flow barriers. If the upscaling is done poorly then the effects of the flow barriers will 

not be properly modeled in the simulation. A future area of research could therefore be to 

determine the optimum level of upscaling and the optimum scheme for calculating the 

effective flow, transport and thermal properties that preserve the effect of unique 

heterogeneities in point bar systems.  
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