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When onshore oil wells reduce the production due to a malfunction, workover rigs are used to restore
productivity. Given a set of wells needing maintenance and a set of workover rigs, the workover rig
problem (WRP) consists of finding rig routes for minimizing the total production loss of the wells within
a finite time horizon. The wells have different loss rates and require different services such as cleaning,
reinstatement and stimulation. The rigs can be at different positions in the oil field and can have different
equipment. This problem shares some of the same characteristics of the vehicle routing problems. Using
a literature review, we offer some new ways to consider and approach the problem in its actual context.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Throughout the productive life of onshore oil wells, workover
rigs (or rigs for short) are usually designated to perform main-
tenances called workovers. The rigs are scarce and expensive re-
sources however their services are important to keep a good
production or possibly to improve the productivity. The workover
rig is a compact mobile unit along with some other external
equipment for mud preparation and power generation. The whole
unit is mainly required for oil or gas wells (Accioly and Chiyoshi,
2000; Srivastava, 2010).

The rigs are moving units that travel at low speed (approxi-
mately 12 mph) (Aloise et al., 2006). Because of their high oper-
ating costs, there are relatively few rigs for the number of wells
that need to be attended. For this reason, an association between
wells and rigs must be established to minimize operational costs.

Since several types of maintenance have to be performed by
these rigs (cleaning, stimulation, reinstatement, etc.), service levels
should be considered whenever the fleet is heterogeneous (Du-
hamel et al., 2012). Fig. 1(a) shows a rig performing a maintenance
service and Fig. 1(b) shows the truck used for transportation.

Therefore, given a set of wells needing different kinds of
maintenance and a fleet of homogeneous or heterogeneous rigs
spread over the oil field, the Workover rig problem (WRP) consists
of defining feasible routes for the rigs such that the total
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production loss is minimized. A route is feasible for a rig when its
duration, including service time, does not exceed the planning
horizon, and each well is attended by only one rig. The route starts
from the rig's initial position, i.e., where it is located, and ends at
the location of the last visited well (Ribeiro et al., 2012a).

In this context, the objective and scope of this study are based
on a review of the literature on approaches to the WRP and other
routing problems to identify their similarities and differences to
promote new approaches for solving the problem.

The remainder of the paper is organized as follows. Section 2
contains a description of the WRP and a bibliographic review is
shown in Section 3. New objectives for the WRP are examined in
Section 4 which is followed by Section 5 where the conclusions are
presented.

2. The WRP: a description

Since its discovery, crude oil has been one of the most im-
portant industrial raw materials, with an enormous influence on
the development of the global economy. Large investments in new
technologies have been made to promote effective, safe and
profitable extraction.

The oil is produced with high-cost equipment that operates
under difficult conditions for a long period of time. The equipment
and the oil wells require maintenance services over time, such as
cleaning, replacement and stimulation as mentioned in Section 1,
which are essential to achieving the highest possible efficiency.

Higher efficiency in oil field exploitation can be achieved
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Fig. 1. (a) The workover rig performing a maintenance service and (b) the vehicle used for transportation (Aloise et al., 2006).

through a rational use of resources, especially the scarcest ones.
Some of the most important and expensive activities during the oil
field development and production phases are related to the use of
rigs (Bassi et al., 2012).

However, the use of rigs in onshore oil wells is given mainly for
drilling and workover. In the first case, a drilling rig requires an
extended time to finish the work consequently the scheduling of
these kind of rigs is changed slightly because it involves strategic
decisions. Changes of the scheduling can be performed and the
cost versus benefit must be evaluated carefully. In the second case,
the workover rigs do not require a long time to perform main-
tenances however they must keep the wells working, performing
the planned activities optimally. The wells are distributed spatially
over the oil field and the distance between them can be large,
consequently the time to reach a well is a function of the trans-
portation vehicle speed and of the road conditions. In some cases,
such as in Brazil, the roads are unpaved (often natural base) and
the transportation vehicles are older. For example, see Fig. 1.

The onshore oil wells use normally artificial elevation methods
for stimulation, as in the southeast and northeast regions of Brazil.
The main purpose of stimulation is to enhance the property value
by the faster delivery of the petroleum fluid and/or to increase
ultimate economic recovery (Economides and Nolte, 2000). The
procedures of the oil field operation are affected by some factors

Losses in oil fields —

— Workover activities ———

—  Aurtificial lift loss

— Operation loss

— Other losses

which lead to major production losses such as downtime of the
operation process (Sonatrach and Forage, 2007). Fig. 2 shows the
major components of losses present in oil fields.

Generically, workover operations are referred to such opera-
tions that are performed to resolve specific problems that are
found after production has started (Ken and Stewart, 1987; Gabor,
1999). The changing of the artificial elevation method used and
the permanent deactivation of a well are also workover operations
(Thomas, 2001; Noronha and Aloise, 2001; Aloise et al., 2006).

The profitability of a well depends on how long it is on stream
and on how much it produces, which are depends on the re-
servoir's initial characteristics. However, they are also dependent
on keeping the wells maintained in good working order (Perrin,
1999).

Routine operations on a producing well would include a
number of monitoring, safety and security programs, maintenance
tasks and periodic downhole servicing using a wire line unit or a
workover rig to maintain production (ONGC, 2012).

According to Cochrane (1989) and reinforced by Mansour et al.
(2013), the production loss of a well can be caused by several
factors. Servicing operations may be decided because of operating
considerations such as an abnormal drop in production, or pre-
maturely worn or obsolete equipment; or because of reservoir
considerations such as knowing how the reservoir is evolving or
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Fig. 2. Major components of losses in the oil fields (Mansour et al., 2013).
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