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Introduction

The risk and uncertainties at the early stage of the
upstream oil and gas projects are high because of many
uncertain parameters and lack of data. The calculation
of quantities such as oil in place, recovery factor,
and the net present value of production scenarios
require uncertainty analysis [1-3]. These risks and
their mitigations over the field life cycle, increasing
operating costs [1-3]. Therefore, quantifying risk and
uncertainty in the early phase of the projects is essential
to obtain accurate and adequate information for
decision-making that can be achieved by developing
the conceptual basis, methodology, procedures, and
practical basis for project risk and uncertainty study
[4-5].

Methods

In this paper, after designing production scenarios,
a sensitivity analysis was performed on selected
parameters to find the most influencing parameters
on oil production and recovery. Afterwards, response
surface methodology and Monte Carlo simulation
were used to simulate and analyses the uncertainties
in a giant heterogeneous undeveloped oil reservoir and
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its effect on the selection of the Best EOR scenario
were investigated. We applied some quantitative
decision-making criteria such as global utility and loss
function to select the best scenario under these high
uncertainties.

In the first decision-making criterion (loss function),
three common loss functions used to determine the
“best estimate” of all scenarios. For each scenario,
the “best estimate” value of its NPV distribution is
calculated with considering each three types of loss
function that used in this study. The scenario with the
highest "best estimate" value is proposed as the best
production scenario under uncertainty.

In the second decision-making criteria (Global utility),
NPV and RF values of the evaluation cases which are
considered as the realizations of each scenario and
generated through the response surface model are used
to calculate expected value, downside risk and upside
potential of each objective function distribution.

in a single-attribute decision-making framework, the
expected value, downside risk and upside potential
of results, and finally the value of each production
scenario separately based on RF and NPV is calculated
and the best scenario under uncertainty is selected
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based on each of these objective functions. Then,
in the next step, a multi-attribute utility function is
considered as a function of RF and NPV to select the
optimal scenario under uncertainty based on global
utility.

Results and Discussion

Sensitivity analysis of reservoir parameters on
cumulative oil production is performed for all
scenarios. According to the results of sensitivity
analysis for all three EOR scenarios, permeability,
transmissibility multiplier, water-oil contact and Net/
Gross (NTG) have the most effects on oil production
and reservoir performance.

For all three scenarios, uncertainty analysis with
response surface modeling and Monte Carlo simulation
(applied as a probabilistic sampler of uncertain
parameters) were investigated.

With first decision making criteria (loss function), three
loss function includes MSE, MAE and quantile loss
are applied to find the best estimate of each production
scenario. In all loss function, Polymer Injection has
the most “Best estimate” value. With second decision
making criteria (Global utility), polymer incection has
the Most Global utility among three scenarios.

Conclusions

The results show that parameters such as permeability,
transmissibility multiplier, water-oil contact, and net to
gross have the greatest impact on EOR phase reservoir
oil production. The type of loss function affects the
“best estimate” value of each scenario. The Global
utility function is also a good way to rank production
scenarios and decide to select the best scenario under
uncertain. Based on two decision making criteria,
Polymer injection is selected as the optimal scenario
under uncertainty.

Nomenclatures

PDF: Probability Distribution Function
CDF: Cumulative Distribution Function
MAE: Mean Absolute Error

MSE: Mean Square Error

LHS: Latin Hyperbolic Sampling
ANOVA: Analysis of Variance

RSM: Response Surface Model

EV: Expected Value
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