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Abstract

Porosity and water saturations are the most important petrophysical parame-
ters of hydrocarbon reservoirs that accurate assessment of them in hydrocar-
bon reservoirs is an effective tool, important and efficient for industry experts,
in the context of a comprehensive study of reservoirs and production and
management process of reservoir. In this study, using data from five wells of
Mansuri oil field, and using the sequential simulation Gaussian method and
using Petrel software, the trend of Porosity and water saturation changes in
the mentioned field for four zones was simulated. Also the average maps for
each zone have been created that results of the simulation parameters in this
map showed that highest average porosity is 0.1401 and 0.2756 at least satura-
tion of water is related to zone 1. Finally result of the simulation indicates the
Zone 1 is of the best reservoir Zones.
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1. Introduction

In general, investigation and simulation of petrophysical properties is one of the
main aspects of hydrocarbon reservoirs full studies which is performed in most
oil companies. Petrophysical properties of reservoir rock such as lithology, po-
rosity, permeability, net pay thickness and percentage of water and oil saturation
obtained from well logs interpretations can be modeled by simulation of the re-
servoir [1] [2]. It is evident that these characteristics are affected by each well to

a certain radius which is defined by the user in the software. By simulation of
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petrophysical parameters, a three-dimensional (3D) view of reservoir properties
can be obtained that plays an important role in the development of reservoir
flow patterns. Also, by simulation of these parameters, the reservoir potential
areas can be identified and used in the development of hydrocarbon oil fields.
Petrophysical modeling is performed by two methods: deterministic and sto-
chastic. SGS method is a stochastic simulation method which implements Geos-
tatistical rules to predict and simulate reservoir parameters in three dimensions
of the reservoir. The present study investigates the modeling and the petrophys-
ical parameter of the Asmari formation in Mansuri oil field: South western of

Iran (Figure 1).

2. Methodology

Modeling software’s present a three-dimensional view of all aspects of the reser-
voir, such as geology and structure of reservoir, fluid dynamics and well [3]. It is
considered as an advanced management tool that facilitates maximum produc-
tion from the reservoir [4]. These software’s also help users in designing maps,
creating petrophysical properties models, simulating fluid flow in reservoir,
placing and designing new wells and reservoir management [5].

One of the most efficient methods to estimate and simulate petrophysical pa-
rameters contained in these software’s is SGS method that depends on wells and

geophysical data [6].
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Figure 1. Located of Mansuri oil field in Dezful embayment, near the other oil fields,
Southwest of Iran.
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3. Reservoir Geometry and Gridding

Structural Modeling of the Reservoir

Typically, structural modeling of reservoir, is the starting point of the reservoir
modeling [7]. In this part, the reservoir structure is modeled with geological
properties, including tectonic characteristics and faults [8]. Also, cross section
from different parts of model can be obtained to examine reservoir layers varia-
tions with thickness change and etc. Investigation of these variations allows oth-
er phases of the reservoir interpretation to be commented on. A grid model of
the reservoir includes a three-dimensional cells, each of these cells contains an
average of petrophysical parameters. In building the reservoir model and to ob-
tain an accurate estimation of reservoir volume, division of the reservoir to small
cells is necessary [9]. Size, direction and shape of each of the cells depend on the
size of reservoir, the amount of known data from the reservoir and the direction
and orientation of reservoir fractures, respectively.

Corner point gridding of the reservoir: the cells in this gridding method are
very flexible and can easily show faulting effects. The other advantage of these
cells is the ability to create the reservoir flow simulation cells. Generally, these
cells are more suitable for geological features and because of this advantage, in
this study, these cells were used for gridding of Asmari reservoir. But in the
layering of cells proportional method was used in which the number of cell lay-
ers was considered constant in the reservoir and their top and bottom surfaces
was considered parallel to the top and bottom surfaces of the reservoir layer. The

size of each cell was 1 x 120 x 120 meters.

4. Data Analysis

After data up scaling, two fundamental conditions in Geostatistical calculations
are: first, the data has a normal distribution and second, the data shows no
trend. The spatial relationship between the values of a quantity in taken samples
population can be expressed in the form of spatial structure [10]. These spatial
structures are in fact the experimental variograms which are defined in three di-
rections for petrophysical data of wells. According to the variograms, petro-
physical parameters of each cell in the reservoir are valued in proportion to its
distance from the wells, and finally the distribution of each parameter is ob-

tained in the reservoir.

5. Data up Scaling

Petrophysical data are in the form of logging data in the well trajectory. Before
the simulation, the parameters must be averaged in the cell size defined in the
reservoir. This gives a value for different parameters for each cell. There are dif-
ferent methods to calculate the average of parameters, numerical averaging me-
thod is the best one due to static nature of porosity and water saturation. The

formula of numerical averaging method is as follow:
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g:% 'K, (1)
where K, is the average of petrophysical parameter K, K; is the value of parame-
ter K in the position 7and Nis the number of samples. In Mansuri oil field using
the 5 wells drilled in different locations of the south area of reservoir (Figure 2)
with the logging data, the porosity and water saturation data up scaling opera-
tion has been performed using the above method. Part Major of production of
this oil field, belong to the south section of area; accordingly, we selected the

wells from the south and southwest of Mansuri oil field.

6. Data Transform

In order to implement stochastic methods, existing trends in the data which
might be created due to geological characteristic of the region, must be identified
and removed. In order to remove the trends in the data, first, the data must be
normalized and then kurtosis of the normal distribution must be increased as
much as possible until a range of data which is used accumulate largely around

the mean data. Then, no trend remains in the kurtosis of the data. One of other
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Figure 2. Situation of different wells in Mansuri oil field. A (Well No. 4), B (Well No. 5),
C (Well No. 7), D (Well No. 11), E (Well No. 16).
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conditions to implement stochastic method for simulation of petrophysical pa-
rameters is to have standard normal distribution of the data. In normal distribu-
tion of the data, mean is equal to zero, standard deviation is equal to 1 and their
distribution diagram is a Gaussian distribution. Qualitatively, normal distribu-
tion of data can be detected using formation statistical tools such as Histograms,
skewness and kurtosis of data distribution, based on which the porosity and wa-

ter saturation data were normalized (Figure 3).

7. Variograms Calculation for the Data

In Geostatistics using the data of a quantity in a known coordination, it is possi-
ble to estimate the value of the quantity in a different spot with a known coordi-
nates located within the range of the spatial structure [11]. The variograms for
the data express the difference of a parameter from known locations based on
the distance (Lag) from the point. Using the variograms model, the value of the
parameter is estimated at unknown locations. The spatial structure in statistical
computations is the same as experimental variograms defined for data with
normal distribution and no Defined trend [12]. The formula for the variograms
is as follows:

1

i=N(h) _ 2
ZN(h)Zi:I (Xi Xi+h) (2)

(h)=
where A is variograms value, M(A) is the number of data pairs and x; — x; + A is
beginning and end of data pair 4

In general, the variograms in which one axis is variance and the other one is

the distance, shows the variability of data versus the distance [12]. The more re-
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Figure 3. Normalized of porosity data and histograms of them.
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gular and symmetrical arrangement of wells and more homogeneous reservoir,
the less variance of the estimation of petrophysical parameters of reservoir rock.
Figure 4 shows porosity and water saturation variograms for each zone sepa-
rately in Z direction which is the most important direction of the variograms
due to the high density of data.

Selection of horizontal directions of the variogram is performed based on the
acoustic impedance map which reflects the homogeneity and the heterogeneity
of reservoir. So that the major axis of the variogram (X) is in the more homoge-
neous (low variance) direction and its length is half length of the reservoir and
minor axis (Y) is perpendicular to this axis and its length is equal to half the
width of the reservoir (Figure 5). Also, lags in the variogram in the horizontal
direction is the distance between two consecutive known points or the distance
between two consecutive wells and in the vertical direction, variogram is equal to
the thickness of the cell.

8. Results and Discussion

Having defined the mentioned condition, the petrophysical data has been simu-
lated by SGS method which was presented in separate SGS models for each of
the fore zones (Table 1). The models allow to investigate variations of porosity and
water saturation in both the vertical and the horizontal direction. The resultant
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Figure 4. The variogram of neutron and porosity data for 4 zone, in vertical (Z) axes.
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Figure 5. Variogram is performed based on the acoustic impedance map which re-
flects the homogeneity (X) and the heterogeneity (Y) of reservoir.

Table 1. Calculated amounts of porosity and water saturation for 4 zones.

Permeability Porosity Zone
0.2756 0.1401 Zone 1
0.4667 0.0970 Zone 2
0.3915 0.0771 Zone 3
0.6015 0.0642 Zone 4

integrated model of all layers has also been built. Generally, the porosity and
water saturation variation maps shows that in porosity values distribution map,
its maximum value starts at Southeast of the field, passing through the center it
ends at Northwest of the field (Figure 6) which is the effect of Paleofacies which
improves the porosity of the region due to different lithology (Figure 7). Base in
Geolog 6.7.1, and using for NPHI-RHOB plot, the lithological composition of
Asmari formation in this area, was recognize. The main of this lithology is li-
mestone (Figure 8). The computation data analysis by help of SGS software 3D
modeling of the average of the porosity for all zone were made. In Figure 9, var-
iation maps shows that in porosity value for Zone 1.

Water saturation model that shows the value of water saturation in oil zones,
is mainly of the irreducible water saturation, which is affected by the reservoir
capillary pressure, relative permeability and porosity. To build water saturation
model in the reservoir co-kriging of reservoir porosity has been used as a sec-
ondary parameter. In this model, maximum water saturation belongs to North
and Northwest of the field (Figure 10).

To assess the model accuracy, the results should be compared with actual data

in wells (validation) (Figure 11). The closer model results to the actual data, the
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Figure 6. Modeling of changes in reservoirs properties in Mansuri oil field, Asmari
reservoir. Its maximum value starts at Southeast of the field.
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in zone 1, Mansuri oil field.
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555

Figure 9. Model of distribution of porosity for zone 1. Maximum of porosity belongs
to South and Southeast of the field.

Figure 10. Model of distribution of water saturation in zone 1. Maximum water satu-
ration belongs to North and Northwest of the field.
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more accurate will be the developed model which in the Asmari model very
good agreement is observed between the model results and data for porosity
(Figure 12) and water saturation (Figure 13).

Finally, to identify potential areas of the reservoir, applying cut off limits for
two parameters of porosity and water saturation, reservoir and non-reservoir
areas model has been obtained.

Cut off limits for porosity and water saturation were considered 5% and 30%,
respectively. This means that according to the production characteristics, reser-
voir areas should be above 5% of porosity and below 30% of water saturation.
The model shows that except the southern, central and a part of Southwestern
areas, the field has suitable reservoir characteristic which can be taken into ac-

count in development plans.

9. Conclusion
In the present study, the SGS method, has been implemented to produce a 3D
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Figure 12. The result of validation for porosity in Mansuri oil field base in histogram,
well logging data and SGS modeling.
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petrophysical model of Asmari reservoir of Mansuri oil field (located in South-
western of Iran). SGS method is an efficient method to estimate and simulate
petrophysical parameters. The petrophysical properties Ze. porosity and water
saturation have been used for petrophysical modeling. The data from 5 wells lo-
cated in Southern section of the field has been used, therefore the results of si-
mulation are limited to Southern area of the studied field. The software, Petrel
has been used in this study, which covered whole reservoir simulation stages
from the interpretation of seismic data to building static and dynamic models of
hydrocarbon reservoirs. Due to high lithology heterogeneity in vertical or well
drilling direction in Mansuri oil field, petrophysical parameters change in this
direction while because of lithology continuity, variations of these parameters in
the horizontal direction are less than those of vertical direction. In data analysis,
the more organized well pattern and symmetrical distribution, the less estima-
tion variance for reservoir rock parameters and more accurate spatial structure
for the data. The maximum value of porosity starts from south and decreases to
the north of the studied section. Also, the maximum amount of water saturation
can be found in the north of the section. Zone 1 is the best reservoir section
which has the highest value for the porosity and the lowest amount of water sa-
turation. Zone 4 has the lowest reservoir value because of poor porosity and high
water saturation. The results of models verification showed that estimation and
simulation of the porosity and water saturation using sequential Gaussian Simu-
lation Method (GSM) has been properly performed. Finally, to identify potential
areas of the reservoir, 5% and 30% were applied as cut off limits for porosity and
water saturation, respectively. The resulting model showed that the southern
part possesses better reservoir characteristics comparing to other parts of the

studied section.
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