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Abstract
Outcrop-based studies offer the possibility of high-resolution characterization of both vertical and lateral variations within a channel belt.
Complementing with shallow high resolution seismic data is likely the best way to reduce the key uncertainties that must be addressed when
performing an evaluation of reservoirs. Three dimensional static model addressing heterogeneity distribution in two slope channel complex
systems were performed using probabilistic techniques. The previously unmapped Cenomanian-Campanian Laguna Amarga/Lago Sarmiento
Section of Cerro Toro Formation in Magallanes Basin, Chile, and the Maastrichtian San Fernando Channel System located within the San
Quintin Sub-Basin in Baja California, Mexico, offer a quasi-three-dimensional exposure that shows the spatial and temporal evolution of entire
channel systems. Based on the geometries observed in one of the channel complex sets of these systems, conceptual 3D geologic models were
created and compared using the observed facies distributions. Petrophysical data of analogues reservoirs with similar settings were used to
populate the models and used as main inputs to the subsequent dynamic simulations. Simulation cases were defined to test the effect of well
position, fluid type rock properties and internal heterogeneities on the recovery factor.
The Laguna Amarga case shows slumps at the channel margins, while San Fernando shows this facies in some cases capping the channels; an
evaluation on the effect of these muddy facies on production was performed. In the same way thin-bedded turbidites with a net-to-gross less
than 50% are shown to have an impact on production. Two main surfaces were extracted from the seismic data, while internal surfaces were
created manually in order to use as reference during structural model phase. Object-based modeling constrained with pseudo-wells located in
the different architectural elements, and a combination of geometrical parameters with general trends, were used to propagate the facies.
Truncated Gaussian Simulations were also performed to test natural transitions of facies observed on the logs. Fluid flow simulations
(depletion and waterflood simulation) have shown that upscaling in the vertical axis must be done at high resolution in order to preserve (< 1
meter) heterogeneities that may form barriers. Variations in permeability showed that these facies prevent water coning and have a big
influence on compartmentalization within the channels. By modeling outcrop data it is possible to employ probabilistic methods to decrease the
uncertainties associated with distribution of the main internal heterogeneities, and through flow-simulation studies to model their effect on
production.
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RATIONALE
Where are we going to focus the study?

ABSTRACT
Outcrop-based studies offer the possibility of high-resolution characterization of both vertical and lateral variations within a channel belt. Complementing with shallow
high resolution seismic data is likely the best way to reduce the key uncertainties that must be addressed when performing an evaluation of reservoirs. Three
dimensional static model addressing heterogeneity distribution in two slope channel complex systems were performed using probabilistic techniques.
The previously unmapped Cenomanian-Campanian Laguna Amarga/Lago Sarmiento Section of Cerro Toro Formation in Magallanes Basin, Chile, and the Maastrichtian
San Fernando Channel System located within the San Quintin Sub-basin in Baja California, Mexico, offer a quasi-three-dimensional exposure that shows the spatial and
temporal evolution of entire channel systems. Based on the geometries observed in one of the channel complex sets of these systems, conceptual 3D geologic models
were created and compared using the observed facies distributions. Petrophysical data of analogues reservoirs with similar settings were used to populate the models
and used as main inputs to the subsequent dynamic simulations. Simulation cases were defined to test the effect of well position, fluid type rock properties and internal
heterogeneities on the recovery factor. The Laguna Amarga case shows slumps at the channel margins while San Fernando shows this facies in some cases capping the
channels; an evaluation on the effect of these muddy facies on production was performed. In the same way thin-bedded turbidites with a net-to-gross less than 50% are
shown to have an impact on production.
Two main surfaces were extracted from the seismic data, while internal surfaces were created manually in order to use as reference during structural model phase .
Object-based modelling constrained with pseudo-wells located in the different architectural elements, and a combination of geometrical parameters with general trends,
were used to propagate the facies. Truncated Gaussian Simulations were also performed to test natural transitions of facies observed on the logs.
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Fluid flow simulations (depletion and waterflood simulation) have shown that upscaling
in the vertical must be done at a high resolution in order to preserve (< 1 meter)
heterogeneities that may form barriers. Variation in permeability showed that these
facies prevent water coning and have a big influence on compartmentalization within
the channels. By modeling outcrop data it is possible to employ probabilistic methods
to decrease the uncertainties associated with distribution of the main internal
heterogeneities, and through flow-simulation studies to model their effect on
production.
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STUDY CASE 1: LAGUNA AMARGA, CERRO TORO FORMATION, CHILE
PHASES OF THE PROJECT

Cerro Toro Formation, Magallanes Basin,

Laguna Amarga

1. 2D Models (Architectural Elements from Outcrops data (2D))
• Record the temporal and spatial variation in lithofacies and architectures within
Laguna Amarga Channel System using a series of correlated sedimentary logs and
detailed photographs.
• Build different 2D Modelling using publish outcrop data and our own data

Lago Nodersjolk

Laguna
Goic

Lago Sarmiento

2. Extend to 3D
Use shallow seismic data to predict planform geometries (continuity and dimension of
channel elements) that can be use an input to build the stratigraphic framework of a 3D
static model.
3. 3D Full Static Model
Build a full static model using surface created from seafloor interpretation and
constrain zones and grid size according to the sedimentary body thickness to be
reproduced (Conventional 3D Modelling: Petrel) and preserving heterogeneities that
can affect connectivity within the reservoir

The Cenomian-Campanian Cerro Toro Formation, which is located in
the Ultima Esperanza District, southern Chile (Figure 3.2). The Cerro
Toro Formation contains a series of deep-water channel complexes
that extend about 100 km length (Hubbard et al. 2008; Jobe et al.
2010) from the Chile-Argentina border in the north, to at least Cerro
Rotonda, south of Puerto Natales (Scott, 1966). This stratigraphic
interval has been described by Winn and Dott (1979) as a channel and
channel margin facies of a deep-sea fan enclosed by fine-grained
overbank turbidites and hemipelagic sedimentation on levee and
levee flank areas.

Lago Sarmiento
Chico

The study was focused on Laguna Amarga section is located to the
North of Lago Sarmiento, 35 km to the northeast of Silla Syncline that
has been study by several geologist and to the northwest of Sierra del
Toro Area. The study area is about 21km2 and the structure is a
syncline that provide good exposure in dipping strata of coarse
grained channel fill along both limbs. The study is focus on the
channels fills which ranges in grain size from mudstone to boulder
sized conglomerates. This Channel System located in the Magallanes
basin, in southern Patagonia display lateral continuity and clear
architecture that can exemplify analogues to hydrocarbon reservoir.
Prominent outcrops can be tight to have a better understanding of
the Cerro Toro Formation and the channel belt. Additionally, outcrops
quality in this area allow visualizing the relationship between
conglomeratic channel fill and fine grained out of channel deposits.

Lago Pehoe

Silla Syncline

4. Facies and Properties Propagation
Populated facies model with petrophysical properties (porosity, permeability, net to
gross and water saturation) and generate realization of porosity and permeability at
different scales.
5. Dynamic Simulation
• Upscaling considering realistic heterogeneity models .
• Flow simulation to estimate which elements affect reservoir performance.

Study Location: Laguna Amarga Section, Torres del Paine, Chile (white rectangle).
Silla Syncline and Sierra del Toro Interpretation were taken from PRACS and Jobes, 2010).

OUTCROP EXPRESSION
Cerro Toro Formation in Laguna Amarga Section shows an outstanding example of aggradational dominated slope channels. The incomparable exposure and easy access to the outcrops allow analysing different features
such as channel stacking patterns, distribution and dimensions of this sedimentological environment. At least five channel elements were recognized in the study area. Combining this magnificent exposure with data from
other similar systems, might be used to predict the behaviour of rock properties and fluid flow in each channel element (Axis, OffAxis, Margin).
A field work was undertaken in the Magallanes Basin. Promising outcrops were mapped and a number of high-resolution photomosaics were taken in order to study the internal structure and architecture in both crosssectional and longitudinal views. At least 12 different sections were logged in detail, giving an insight of facies proportion and lateral variations; these type of data was used to build a depositional model for submarine
channels and can be taken as basis for populate different reservoir heterogeneities models and built numerical simulation models for submarine channels.
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Outcrop map of the Laguna Amarga area, showing the four channel complex
sets (CCS-A to CCS-D). The main palaeoflow is towards SE-E, The numbers along
the outer box indicate UTM coordinates.
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Photomosaic and interpretation of the slope channels of the Cerro Toro Formation exposed at Laguna Amarga Section, Torres del Paine, Chile. (a)
Overview photomosaic and interpretation of sections, the bold lines represent the main erosion, mainly follow by CSC. (b) An schematic section for the
channel B has been recreated to show the 3 different channel elements recognized
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General correlation Panels showing the CCS in Laguna Amarga Area (see figure 2 for location). The photomosaics show some of the package
boundaries and mark the mesuared sections. The Detailed log correlations show the architectural styles, matrix percentage within the
conglomeratic packages and main structures.

Channels within the study area presents different characteristics
in term of stacking patterns with no a clear order, however they
could be classified as an aggradational channel complex (Type
1), Cronin et al, 2013. The conglomerates occur as isolated
channel-fill bodies intercalated between fine-grained facies.
The thickness were estimated considering the stratigraphic logs
and where we considered most of the sequence for each
channel was preserved. The width is even more complex to
estimate since there were not clear pinch out of the channels.
We have delimited them considering the area and logical
dimensions. The channels range from 600–3500m wide and 8–
70 m thick (four order in term of Sprague (2003)).

In this figure is clearly distinguished two major groups of facies; clast
supported conglomerates with a fine to medium sandy matrix, in general
normally graded and clast supported conglomerates with a muddy matrix.
The light gray show stratified conglomerates. Some sand blocks can be
recognized. This section was logged in detailed (log 1a)
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INTEGRATION OF GEOLOGICAL MAP, 2 DIMENSIONAL CROSS SECTION AND VERTICAL SUCCESSIONS

PALEOCURRENT INDICATORS

Conventional mapping (Exposure mapping technique) in combination with digital mapping were performed, recording at least three
different channel complex (Figure 1.3). Individual outcrops were placed in their correct spatial and temporal position within the system,
key beds and stratigraphic surfaces were walked out systematically, taking dip and strike measurement where it was possible.
Additionally, these bodies were captured trough high-resolution photomosaic, and sedimentary logs. A total of 12 measured sections
were logged at a scale of 10 cm, totaling over 1000m. These 3 elements provide the basis for correlation and interpretation of the Channel
Complex System.
Channel A
Channel B
Channel C

FluteMarks

FACIES MODEL
One realisation of the geological model was chosen. The stacked geological model, from Channel A to Channel C shows the channel belt (channel and internal levees)
capturing the geometrical features and the ratios of facies. The external levee were not considered for simulation. We have used a combination of surface base model
and secuential indicator simulation. We have tried to keep channel belt shale realistic however beds can be in the order of centimetres while the model manage layers
from 1 meter. The same occurs with lenticular layers of sands where we have to increase the thickness at least to 1m. Connectivity between channel ﬁlls and internal
levees depends on the location and improves with increased amalgamation. Slumping may create ﬂow barriers or bafﬂes inside the channel belt.
Channel B

Channel A

Channel C

CurrentDirection

PETROPHYSICAL MODELLING
Once completed, the facies model was used as a trend and /or condition to the propagation of the petrophysical properties necessary for the ﬁnal model. In order to build the petrophysical model, the
records of effective porosity and permeability from similar facies in different ﬁelds were used (e.g. Fram Vest Field, North Sea; Falcon Field, Gulf of Mexico, among others). Different options for the
generation of porosity-permeability models are available. We have used Gaussian Random Function Simulation, as it allows to give a range of values per facies (min and max values) with different ways of
distribution, we have used a Normal distribution for Porosity and Lognormal to the Permeability distribution.
The porosity was propagated using the facies model as a condition, so the correlations between the porosity values and the particular facies code registered in the wells were honoured or respected in the
areas far away from the calibrated wells. Once the effective porosity model was generated, the permeability records were loaded, they were scaled and propagated using the volume of porosity as a trend.
For the propagation of water saturation, a direct scaling method was used within the grid. The two properties mentioned above are used as input for this estimation. This calculation of SW additionally uses
the values of estimated water contacts. It is important to note that once the property was generated.
Shale and matrix support conglomerates were assigned values of porosity and permeability.

ClastImbrication
Matrix Supported

Permeability

Facies
ClastSupported

Original Model Area: 23 Km2
Total Number of grid Cells: 3.5 millones

MegaFlutes

STOIIP (in oil)[*10^6 sm3]: 88

Cross-section of climbing ripples

Below Channel B (Laguna Amarga Porteria Sec on/ Log 2B)

Detailed measured sections give us an insight of the lateral facies variation within the Channel. This in combination with the mapping allow us understanding the
behaviour within the different architectural elements. The ﬁgures below show those lateral variations. We have selected 2 logs in order to see the differences in
Channel B, 3 channels elements have been recognized within the CCS-B, Log 4 which we consider is located at a more axial part within the channel is mainly CSC,
in a section of at least 60 meters; while Log 1 show a clear transition between clast support conglomerates and matrix support conglomerates. Alike two primary
sections, A and B provide a partial 3D view of the outcrop, showing that Cerro Toro Formation in the study area is dominated by conglomeratic turbidity channel
ranging in grain size from granules to boulders with also variation in the matrix composition. Sand layers have been recognized but represent less than 20% of the
channel complex set. Two major groups of facies have been recognized within the area; clast supported conglomerates with a ﬁne to medium sandy matrix, in
general normally graded and clast supported conglomerates with a muddy matrix. It can be noticed that the base of the channel shows a marked erosion surface
cutting tbt and followed by clast supported conglomerates that seems to progressively change to a non-stratiﬁed conglomerates with lack of internal stratiﬁcation
without not clear boundaries and the muddy nature of the matrix.

Below Channel A (West Limb/Log 4)

140

We have identiﬁed at least 3 facies within the turbidity channels which has been subdivided
giving a total of 8 facies based on the measured sections
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At least 20 cases have been run in order to understand how ﬂows behave within the slope channels. These ﬂow simulation were
run for different grid sizes, ﬂuid types, drive mechanis (depletion and water ﬂooding) and different OWC. Here we present 3
different cases which have been run in a of Grid 50*50*1 m that represent the heterogeneties in a good way. A two-phase (oil and
water) ﬂuid model was used. Originally, simulations were run without water with different rock physics and saturation function
using the defaults settings of the simulation software. Subsequent, and water ﬂlooding simulations were run adding an active
aquifer inﬂux.
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The simulations were run using only vertical wells.
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Axial Sec on (Log4)
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Detailed Logs: Log 4 located at North of Laguna Goic and Log 1 located at Laguna Amarga Porteria. In cream bar show the
Channel Complex B with a thickness variation from 30 to 60 meters and a evident lateral variation for some of the channels
elements. We have interpreted for the ﬁrst one be located in a more axial part and the second one in a more marginal part.

Pebbly Mudstone
Main Deposi onal Process: Debris ﬂow

Sand matrix supported conglomerate with
clast-supported base.
Main Deposi onal Process: Debris ﬂow

Silt to granular matrix debrite with limestone
intraclast (pebbles and cobles) and sandstone
blocks.
Main Deposi onal Process: Debris ﬂow

CROSS SECTION NW SE
All measurement sections were loaded into the modelling software. It is important to see that not all channels were recorded in all logs, however it
was possible to record diﬀerent channel architectures, giving us an insight of lateral varia ons (margin-oﬀ axis and margin).
The ﬁrst and second tract represent the data acquired from Outcrop (Facies), while the third track shows how the facies have been propagated
considering the log posi on within the channel and the facies observed for each architectural element. Five (5) representa ve facies were chosen to be
incorporated into the model: Clast Support Conglomerate, Matrix Suppor Conglomerte, Sandstone, Shale and Silt.

Comparison between cumulative production curves for depletion and water ﬂooding. Notice the time of
production: Depletion is not an efﬁcient way to drain hydrocarbons, the pressure drops quickly below the
bubble-point pressure (left). Water injection mantain pressure for years.

Sandy Silty Facies

a) Vertical Proportion Curves for each Channel Complex set
b) Realization of the geologica model, showing the stacking pattern of the Channel Complex Set for Laguna Amarga Section; this one represent the basis for the subsequent models
c) Top view of a simple Layer for Channel Complex Set B showing the Grid increment.
d) Cross Section perpendicular to the principal ﬂow direction
e) longitudinal and perpendicular view of the 2 channel complex systems.

Medium to thick bed sandstone and mudstone.
Sandstone thickness from 10 cm to 60 cm.

Thin bed sandstone and mudstone. Sandstone thickness from
1cm to 5 cm. Very well preserved climbing ripples

Main Deposi onal Process: High and low-density
turbidity current

Main Deposi onal Process: Low-density turbidity current
And background se ling

The differences in the net volumen between the original model and the 2 coarse model
represent less than the 3%. For this study case the conceptual overall facies relationships,
geometries and net-to-gross ratios are deemed to be representative enough to allow for
meaningful comparison between simulation cases. However, the coarse grid 2
(100x100x6m) lost information. Facies proportions estimated from the original grid show
variations for the coarsest grids (from 2 to 20%).

Two full static models in turbidite slope channels were built: the
Cerro Toro Formation on Laguna Amarga-Lago Sarmiento Area,
building a model from mapping on surface and facies description
and the well-known Rosario Formation of San Fernando
Channels. Facies and stacking patters from 2 different outcrops
were used as main inputs. Our models tried to preserve ﬂow
barriers and bafﬂes. The quality of the outcrop data allow to build
the models with a higher detail than normally any subsurface
facies model include.
The models incorporate a subdivision using the deterministic
reconstruction of laterally extensive surfaces, picked from
seismic data or interpolated from the maps. Two approaches
have been used for modelling the channel inﬁlls: Object
Modelling for the case of San Fernando and Sequential Indicator
Simulation for the case of Laguna Amarga. In both cases we have
incorporated trend to guide the most probable occurrence of
facies. Five main facies are dominated in these channels
complexes: clast support conglomerate with a sandy matrix,
sandstones, heterolitics and matrix support conglomerates. The
distribution of these facies and the relationship between them as
channel inﬁlls are not easy to follow, mainly for the slump and
debris ﬂow (poor or non-reservoir) with not a common pattern.
The muddy and heterolitics with low N:G works as barriers
between the Channel Complex sets. This facies tend to
disappear if the Upscaling used is not appropriated. Variabiliy of
individual facies were incorporated varying petrophysical
parameters, in some cases recreating interﬁngered margins. A
combination of conceptual models and the way to represent them
in a 3D geological model give a viable strategy for catching and
picturing horizontal and vertical relations between facies. For the
petrophysical properties we tried to follow a typical subsurface
study, using Normal and Lognormal distribution for a range of
possible values for each facies. We have created a second
variable using a geometrical property in order to change the
values from axis to margin. The range values for the porosity and
permeability were taken from different ﬁelds around the world.
We have estimated a SW considering different OWC.
Fluid low simulations have been run, but we still need to create
more cases in order to see the effect of heterogeneities and the
best methods to produce these types of reservoir.
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Comparison between the Fcaies Proportion for the 3 model Grids

The original grid was upscaled using source-cell-centred volume-averaging and
proportional layering showing slight differences on the estimation of STOIIP between the 3
grids.

Cumulative production with water injection.
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CANYON SAN FERNANDO, ROSARIO FORMATION, MEXICO
Geological Settings

A detailed cross sectional view of CCS-B and
vertical facies transition from the lower and
upper succession (Li et all, 2018), in addition
detailed logs in different locations were used
as main inputs. Major effort has been
focused upon understanding the architecture
and internal body geometries in order to
facilitate reservoir modelling. One pitfall of
outcrop information like photomosaic, cross
sections, and measured section is that all of
them give just an idea of a 2D view, or even
1D view.

San Fernando Channel Complex System located within the San Quintin Sub-basin in
Baja California, Mexico offers a quasi-three-dimensional exposure that allow the spatial
and temporal evolution of an entire channel system. We will focus on the Channel Belt
(Gamberi et al., 2013) of Channel Complex B which permit axial and marginal
understanding within the channel. An integrated qualitative analysis of internal
architecture and quantitative analysis of vertical facies transitions has been performed (Li,
et al., 2017). Secondary architectural elements as Depositional terraces, Internal Levee,
margin failure terraces (Hansen, et al., 2017) have been considered in order to determine
if they affect fluid flow within the channel Belt. This slope channel system has been
studied by various workers (Morris and Busby-Spera, 1990; Dykstra and Kneller, 2007;
Kane et al., 2007, 2009; Thompson, 2010; Callow et al., 2013; McArthur et al., 2016);
Hansen et al., 2017).
CCS-B features a lower succession (Stage I of Thompson, 2010) dominated by coarse
grained facies, which is bounded by a marked basal erosion surface; and a more
heterogeneous upper succession (Stages II and III of Thompson, 2010) dominated by
fine-grained facies stratigraphically punctuated by thin coarser-grained intervals (Li, 2018)

Channels Dimensions_ Seismic Data as reference (Ebro Deep Water)
Shelf Break and Slope

Model
Area: 12Km2 (4Km x 3km)
3 Channel complex systems

3.6 km

Geological Map of Canyon San Fernando, showing 4 Channels Mapa
Geologico del Canon San Fernando, mostrando 4 Conjunto de Complejos de
Canales (CCS-A to CCS-D), Li et all, 2017

Cross section of the channel belt within the San Fernando
slope channel system showing the multi-scale architecture
elements and distributions of facies assemblages within
the channel belt, (Li 2018)

Grid and region definition

Vertical
exageration @ 10

Using a well-known software (Petrel) we have intended to model
The basic building blocks of the canyons are regional incision
surface that can be mapped from the seismic. these define the
cutting of the canyons and the canyon geometry. Canyons are
not channels themselves but are filled with complex sequence of
turbiditic deposits that include transgressive sandstones,
slumps, crevasse splays, and various overbank deposits.
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(a) Location map showing the Rosario Embayment in Baja California,
Mexico. (b) Regional geology of the Rosario Embayment of the Peninsular
Ranges fore-arc basin complex (modified from Morris and Busby-Spera,
1990; Dykstra and Kneller, 2007). (c) Generalised stratigraphic column of the
Rosario embayment (modified from Busby et al. 1998b; Dykstra and Kneller,
2007). (From Li, 2017)

For that reason, it is pertinent to combine
with planform geometries observed in
shallow seismic e.g Ebro Seismic, Modern
examples e.g. Stromboly slope Valley in the
southeastern Tyrrhenian Sea (Gambery, et all
2011).
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A big container to be modelled, How facies varies?
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3D Geological Grid, main surfaces were taken
from Seismic Data with similar dimensions,
while internal surfaces were built manually.
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Channel Width to Depth Ratio

Parameters used to simulate the channelized environment with the
object-based method of Petrel. The distributions used are all
triangular.
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Facies Modelling

Object Modelling

Channel belt width have be reported between 5 and 7 km (Li,
2018), and channel complex of 300-500m wide and 30-50 m
deep. Single channels have a typical width between 50-250m and
are between 10-20m in depth, but often less than 15m.
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Graph showing width versus depth of channels complex from
ancient, modern and subsurface datasets.

Modelling techniques

A trend was generated using variance
maps and co-kriging

Facies Model

Facies modelling were performed with object-based
algorithms (geometries with known parameters). Outcrop
sections were used to create that we have called
pseudowells. The pseudowell position was followed the
different architectural elements preserving the observed
lateral variations from axis to margin. A total of 20
pseudowells were created and a detailed facies scheme
was used. Ten facies and five facies assemblage have
been recognized for CCS-B (Li et all, 2018). In this study,
six facies were selected since the heterolitics were
subdivide according to the percentage of sand. Pseudo
wells were positioned in built at the scale of ∼ 1 m vertical
resolution, which may be close to the “right” scale to
simulate.
The facies selected were: Mudstone, Heterolithics with
N/G<50, Heterolithics with N/G>50, Sand, Conglomerates
and Debrites, following the assemblages classification
describe by Li, et all, 2019. Several stochastic facies
models were constructed at bed-scale resolution using
variograms a trying to follow the general paleocurrent
direction towards de SSW (220° to 230°).

Petrophysical distribution, vertical variogrmas and correlation
coefficients are needed for each facies association. Values of
NTG, Clay volume, porosity and permeability were taken from
comparable facies in subsurface field (Menno J. De Ruig and
Stephen M. Hubbard, 2006), J. Zhang et al., 2015), Labourdette
et al., 2010, White et al., 1992 and Slatt et al., 2009) and
propagated into the CCS-B.

The properties modelling were done
using a Elliptic Variogram in order to
consider the variability on the flow
direction (Minor) and perpendicular to
the flow direction (Major).

3D Facies Model to CCSB

Property range
Water Saturation

We have used for each property different algorithms and has been
constrained with the facies

Porosity

Variogram Type: Spherical
Major Direction: 1000
Minor Direction: 500
Vertical: 2
Orientation: 58
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Using a well-known software (Petrel) we have intended to model
a main surface (Base) which has been extracted from shallow
seismic. This surface forms the basis for the construction of a
grid that will be later used as main input for facies and
properties modeling. In addition, key strata surface were
digitised and used to construct 3D surfaces. These surfaces
form the basis for a high resolution geological model to populate
facies and properties for CCS-B, 17 surfaces were created to
better represent the architecture observed in the upper and
lower succession of CCS-B and trying represent the upper and
lower succession of this channel complex set. The model was
based on orthogonal grids, in an area of 14 Km2. One of the
main aspects to consider when building the grid for a channel is
the type of layering to use. A very detailed layering was
considered for this model giving us a cell size of I 50m x j 50m x
k 1m.

Permeability

The properties (porosity, permeability
saturation), are guide with the facies.

and

water

A Complete static models were built in the Rosario Formation Channel Complex B. We have applied a traditional workflow and
incorporated all the minimum components to better understand the geometry using all the information that have been collated from year
in this area (logs, photomosaic interpretation, maps). The objective is provide a geostatistical model that helps understanding areas for
better proposals, evaluation of prospective zones to properly define a economically profitable development plan.

Case 1: Peripheral Water flood, 2 injection wells were created. Initially in the external levees without having
good results. So the injection wells were position in the marginal facies. For the original grid we have found 2
different zones (Lower and Upper section) while in the coarse grid the reservoir seem to be connected along
all the grid. For this exercise wells were completed in the upper section, with a WOC at the bottom of the
model. For the coarse Grid Case the water appears faster than in the fine grid.

A detailed cross sectional view of CCS-B and vertical facies transition from the lower and upper succession (Li et all, 2018), in addition
detailed logs in different locations were used as main inputs. Major effort has been focused upon understanding the architecture and
internal body geometries in order to facilitate reservoir modelling

The estimated pressure show that individual channels (upper section) have a lower pressure that the
amalgamated channels of the lower section.

Grid 50.2

50m*50m*3m

Original Grid

25m*25m*1m

By increasing the cell size from 1 to 3m, inevitably leads
to a loss of information. The differences in net volume
and unscaled pore volume between the original and
coarse upscale grid is about 3%. However loss of body
shape, and increment of intra channel connectivity are
the most noticeable effects on the Geological Model
Upscaling.

Conclusions
A static model incorporates the key aspects of the rock and the porous space to
generate a set of 3D cells to which are assigned parameters necessary for the
Dynamic Modelling and the generation of the Development Plan. We have
presented 2 studies cases with different behaviour for Slope channel systems and it
is noticeable that they can host significant amount of hydrocarbons. However,
facies iteration needs to be considered. Outcrop studies give an idea of the relation
between facies in this type of deposits. A traditional workflow for the generation of
3D models were run. Conceptual facies model were generated using 2 different
techniques: Object Based Model and Sequential Indicator Simulation. Both of then
giving suitable results. Trend maps and accurate parameters, as well as data
analysis are key points to obtain good results. Upscaling has to be done with special
care since it has the highest impact of preserving or not the critical
heterogeneities. Internal levees can be important barriers but if the upscaling is not
good is easy to be neglected. The fine grid keep more heterogeneities than the
coarse grids. Until now we have noticed that keeping small barriers in the
simulation the fluid flow change.
Fluid flow simulation have shown until now the impact of upscaling, type of fluids,
position of wells, fluid production mechanism on the recovery factor. More
simulation with real field data can be

