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Introduction

Using sensitivity analysis is one of the effective
methods to simplify numerical models. There are
a lot of parameters in models constructed for the
simulation of oilfields. These parameters do not have
the same impact on the output of the model. Therefore,
utilization of the sensitivity analysis methods help
nonsignificant variables be identified and kept
at nominal values in order to save time and cost.
According to studies, favorable method in sensitivity
analysis is a dimensionless, quantitative, global, and
model-free method [1-4]. In this study, Sobol method
has been selected as a desirable method for sensitivity
analysis of production parameters. This method is
applied to the surface model of one of Iran’s oilfields,
and it is characterized that parameters such as choke
size, flowline diameter and pump frequency have the
greatest effect on the oil production rate.

Methodology

Sobol Method of Sensitivity Analysis

Sobol is a global and variance-based method that
correlates the variance in the model’s output to each
of the input parameters as well as the interaction of the
parameters. In general, the relation between variance
of the model’s output and the input parameters and
also their interaction can be written as Equation 1:

D(f)=>D,+>.D,+ > D, +D, , (1)

i<j i<j<k
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where D(f) is the total variance of the output of the
function £, D, is the first order variance of component
i, D, is a second-order component which represents
the interaction of the parameters i and j and D e
including all higher than second-order interactions (up
to p,, degree) among components. The first-order and
total-order Sobol indices are defined as Equations 2
and 3 [5]:

first order Sobol index :S, =% (2)

total —order Sobol index :S; :1—£ G

The first-order Sobol index calculates the ratio of
the variance of the output obtained from component
i without considering interactions with other
components. The total sensitivity index is obtained
from the difference between 1 and the output variance
ratio under the impact of D_, where D | represents all
components except i.

Case Study

The field studied in this research is an oilfield that
whose production be made from two reservoirs and
located in the Persian Gulf. The well model and the
surface model of this field include 11 wells, well
equipment (electrical submersible pump and tubing),
wellhead facility (choke) and flowline. The surface
model variables of this field can be divided into five
groups as shown in Table 1.
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Table 1 Variables of the surface model.

Group number of parameters minimum value maximum value
Choke size (in.) 11 0.21875 2.00000
Flowline diameter (in.) 1 10 20

Pump frequency (Hz) 8 30 90

Pump stages 8 15 130

Tubing size (in.) 11 2.5 7.0

Sink pressure (psi) 1 30 100

Results and Discussion

Sensitivity Analysis of the Production Parameters

The objective function for the sensitivity analysis
in this study is the oil production rate. The surface
model has 40 input parameters that change uniformly
over their range. Sobol Sensitivity analysis needs two
completely independent point sets which should be
selected as sample points to form the input matrices

then the objective function is computed in each sets of
points. For calculation of the impacts of parameter i
on sensitivity of model output, column i of matrix A is
replaced with column i of matrix B. In the new points,
the function is called and total and first-order Sobol
indices are calculated with help of the Equations 2 and
3. In Figure 1, the first-order and total-order Sobol
indices for each of the 40 input parameters are shown.

@Sobol’ total order indices
@ Sobol’ first order indices

Fig. 1 First-order and total-order Sobol indices for input parameters.

As can be seen in Figure 1, tubing size has little effect
on the uncertainty of the oil production rate. Except
choke size of well No.5 and the number of pump stages
of well No.15, the other parameters have reasonable
behavior. Since 25% of the field production come from
well No.5, and the production is controlled only by the
choke, the high sensitivity of the oil production rate to
the choke size of this well is reasonable.

The high sensitivity of the oil production rate to the
number of pump stages of well No.15 is related to two
factors: rate and pressure. Among the wells producing
with pump, well No. 15 is third in terms of production
rate. But reservoir pressure is about 1500 psi in well
No.15 and 2500 psi in wells No.13 and No.14. As a result,
ESP has more impact on production rate of well No.15.

Conclusions

Considering the interaction between parameters is one
of the advantages of Sobol method, which is essential
in the sensitivity analysis of large models. Some
parameters alone may have no effect on the model

output. However, they can be sensitive once they are
interacting with other parameters such as tubing size
in this study. Furthermore, Sobol method requires a
large number of model realizations which impose a
high computational burden and make it inappropriate
for large models. To overcome this problem, surrogate
models should be used.

Generally, objective function is more sensitive to
bottlenecks of production such as flowline. Because
all produced oil has to cross this path and affects the
production of all wells.

References

1. Helton JC, Johnson JD, Sallaberry CJ, Storlie
CB (2006) Survey of sampling-based methods for
uncertainty and sensitivity analysis, Reliability
Engineering & System Safety, 91, 10-11, 1175-
1209.



2.

Saltelli A, Tarantola S, Campolongo F, Ratto M
(2004) Sensitivity analysis in practice: a guide
to assessing scientific model, 1, Wiley Online
Library.

2004: Wiley Online Library.

1.

Helton JC, Davis FJ (2003) Latin hypercube
sampling and the propagation of uncertainty
in analyses of complex systems, Reliability

Petroleum Research, 2020(October-November), Vol. 30, No. 113

Engineering & System Safety, 81, 1: 23-69.

Saltelli A, Tarantola S, Campolongo F (2000)
Sensitivity anaysis as an ingredient of modeling.
Statistical Science, 15, 4: 377-395.

Sobol IM (2003) Theorems and examples on high
dimensional model representation, Reliability
Engineering and System Safety, 79, 2: 187-193.



