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Introduction

The Electric Submersible Pump (ESP) is one the most
widely used types of artificial lifting utilized in oil
industry. An ESP unit consists of multistage centrifugal
pump installed hundreds to few thousands meter below
the surface, inside a well, where the pressure boost
provided by the pump enables the well to produce
with desired flow rate. As much as the ESP lifting
is efficient, the ESP unit operation is inflexible, and
the ESP unit can only be operated in a very restricted
range. Prolong operation of pump outside its range can
lead to fast deterioration of pump performance and
development of mechanical damage.

Nowadays, many ESP installations utilize Variable
Speed Derives (VSD) allowing the ESP unit to run
at various speed and hence, broaden the operating
region of ESP unit and the ESP unit operating point
be adjusted according to production requirements. In
addition to ESP rotation speed, the wellhead choke
opening can also be adjusted for more control over
well production and ESP unit operation.

Manual adjustment of ESP speed and wellhead choke
opening can be a challenging task. The production
system consisting of reservoir, well and ESP unit
are all subjected to various production, operational
and safety constraints and limitations. Therefore, an
automatic control of ESP unit is desirable to ensure
safe and optimal operation. Various control methods
have been proposed for different control objectives [ -
5].

Many of these proposed control systems employ
linear models of the ESP system which can fail
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under large changes in production parameters and
condition or introduction of large disturbances. Other
methods utilize a system of differential and algebraic
equations to model the production system. Although
the accuracy of this model is high, the time and
computational requirement are too high making this
method impractical for implementation.

In this paper we propose a nonlinear dynamic model
for ESP lifted well. The model is then utilized inside a
Nonlinear Model Predictive Control (NMPC) System.
The developed model and controller performance is
then tested and assessed under various scenarios.

Material and Methods

The main objective in controlling of an ESP installation
is to maximize profit by maximization of fluid
production rate and minimizing power consumption
while satisfying the ESP and well operational and
safety limitations and constraints.

As the well production rate is directly related to
bottomhole pressure, a typical control objective is to
control the pump intake pressure with respect to some
reference value while keeping the breaking horse
power required to do so to a minimum or restricted
to some level. A number of operational and safety
constraints shall also be satisfied by control system of
the ESP unit. The control system shall also be able to
compensate for disturbances such as well downstream
pressure variations.

Control of an ESP lifted well requires a multi-variable,
multi-objective controller that can handle constrained
nonlinear dynamic processes. A Nonlinear model
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predictive controller (NMPC) is well suited for
this task. An NMPC utilizes a model of the process
to predict the future outputs of the system for a
determined interval at each instant to calculate the
best set of action by solving an optimization problem
that consists of an objective function and constraints
to keep the desired features of the process as close
as possible to some reference with respect to specific
criteria while obeying the limitations specified by the
constraints.

As the ESP lifting is a nonlinear dynamic process, a
nonlinear dynamic model is required to describe the
ESP operated well. In nonlinear dynamic models, the
output value at each instant depends on the present
and previous values of inputs and previous values
of its outputs in a nonlinear fashion. A very popular
regressor for estimation of nonlinear dynamic system
is Nonlinear Auto Regressive Exogenous (NARX).
In this paper Wavelet Networks (Wavenet) is selected
for model estimation due to their localized domain
and multiresolution structured learning. Wavenets are
a class of nonlinear nonparametric structures similar
to other artificial neural networks that use wavelets

Table 1 Model Training Results.

functions as their activation function in their $tructure.
Here, we consider a nonlinear third order model
developed in [6] for simulation and data generation.
The model divides the problem in to sections
consisting of the reservoir, ESP unit, choke valve and
the production pipe.

Results and Discussion

The performance of the developed controller is
evaluated through various simulation to control the
Ahwaz Asmari Well 88 which is a candidate for ESP
installation. A Centrilift ESP 538 series P47 pump is
considered to be installed at depth 2290 m of a 2400
m well boosting the production rate to 667 cubic meter
per day. Through simulation in Matlab, a series of 1500
point data is generated from pump operation by varying
pump drive frequency and wellhead choke valve
opening utilizing pseudo random signal generator.
These data are then used to train three separate model
to be utilized in NMPC structure to predict pump intake
pressure, pump power requirement and pumping rate.
The estimated model performance is summarized in
Table 1.

Model BHP " Q
Regressors [n ',n *n n ] [4.2,3,1] [3,2,3,1] [4,4,2,1]
Wavelons 18 10 12

Fit (%) (Training Data) 92.56 95.53 97.12
Fit (%) ( Validation data) 90.32 95.12 96.74
Fit (%) (5-step Ahead Prediction) 87.41 93.15 95.67

Conclusions

A nonlinear model predictive controller is developed
for control of ESP lifted wells. A nonlinear dynamic
model is also developed to be used as predictor
inside the NMPC structure. The designed NMPC

i ——

Fig. 1 ESP Lifted Well Performance Under NMPC.

performance is evaluated on a well candidate for ESP
installation. The results illustrated in Figure 1 show
proper reference following and disturbance rejection
with fast response while all pumps and well constraints
are respected.
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Nomenclatures

ESP: Electric submersible pump
VSD: Variable speed derives
NMPC: Nonlinear model predictive controller

NARX: Nonlinear Auto Regressive Exogenous
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