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Intelligent ESPs Doing More With Less

By Ken Booth,
Mark Barnes,
Mark S. Garret
And Karl Sakocius

HOUSTON-Throughout each down-
turn in the oil business, companies have
learned to do more with less. Many
fields are operating today with fewer
employees than they had 10 years ago,
even though they now have more wells.
The layoffs that occurred during each
downturn were not reciprocated by ex-
panded hiring during more profitable
times. Consequently, fields are now
being operated by a less than optimal
numbers of staff.

Many companies have turned to
automation systems to overcome the
shortcomings of staff, and found that
the benefits go beyond replacing per-
sonnel. Automation systems for wells
on electric submersible pumps have
provided many advantages for field
operators.

The philosophy driving the most ef-
ficient and profitable automated ESP
operations is to provide intelligence at
the wellhead and intelligence at the
desktop. Intelligence at the wellhead
refers to downhole gauges, variable
frequency drives (VFD), choke control
and ESP controllers. Intelligence at the
desktop refers to software applications
that have the ability to configure pa-
rameters, trend and analyze data, track
well test results compared to well and
pump curves, and even design compo-
nents for new or existing wells.

Radio, satellite, or cellular forms of
communication unite the components
of the solution. The information can
then be made accessible to all pertinent
well analysts, field operators, engineers
and management.

“Local control is the most
powerful and potentially useful
function of the ESP RTU. The
intelligence is able to provide 24-
hour well-site control and optimi-
zation. The controller can operate
in stand-alone mode and control
wells based on the parameters
entered at the site or downloaded
to the RTU. The controller inter-
acts with all peripheral devices to
measure conditions

accurately

and control well operations.”

Incorporating an intelligent well-site
controller, with intelligent software at
the desktop, provides the ability to con-
tinuously monitor data, remotely con-
figure parameters, and even complete
control without having to physically be
at the well. In addition, the software not
only monitors the performance of an
ESP, but also allows the operator to
predict well problems, so time is spent
solving problems instead of waiting for
them to occur. This technology turns a
company’s approach from reactive into
proactive.

Remote Terminal Unit

The heart of the intelligent ESP solu-
tion is the remote terminal unit (RTU),
which provides automatic remote con-
trol of the wells. A well may be diffi-
cult or dangerous to get to. It may con-
tinuously be troubled by dirty power,
cyclic reservoirs, solids production, or
scale formation. A well may also be a
prolific producer that would suffer a
large loss of revenue with any amount
of down time.

There are many instances when the
general route of a pumper or operator is
not frequent enough to adequately ad-
dress these concerns. An intelligent
ESP controller is a cost-effective pro-
duction automation device designed for
ESP applications in complex situations
that require control, communications,
and alarm notification.

Using specific ESP firmware in an
RTU enables the RTU to communicate
with and control a number of standard
ESP motor controllers and end devices.
An intelligent ESP RTU interfaces with
a variety of sensors at the well to moni-
tor, control and automate the start-up
process for ESP systems. The RTU acts
as a well site collection device that in-
terfaces with all downhole and surface
sensors, gauges and controllers.

Several features have been incorpo-
rated into RTUs including smart serial
communications, interfaces to the local
control valves, sand monitor probes,
net oil computers, downhole sensors
and gauges, and variable or fixed speed
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ESP controllers. Downhole gauges are
available to measuring intake and dis-
charge pressure, system vibration, and
downhole temperature. The data col-
lected may be used to evaluate wells
and pumps, as well as to control wells.
By comparing the data collected to
the system curve, an RTU can deter-
mine if well or pump conditions have
changed to the point of being detrimen-
tal to the ESP system. The RTU will
then adjust the VFD or choke in an ef-
fort to rectify the problem. Any number

FIGURE 1

of safety shutdowns can be incorpo-
rated into the system such as low/high
flow rate, low intake pressure, high
tubing pressure, high motor tempera-
ture, etc. The RTU can then alert the
operator to the problem.
Local control is the most powerful
and potentially useful function of the
ESP RTU. The intelligence is able to
provide 24 hour well-site control and
optimization. The controller can oper-
ate in stand-alone mode and control
wells based on the parameters entered
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at the site or downloaded to the RTU.
The controller interacts with all periph-
eral devices to accurately measure con-
ditions and control well operations.

The controller comes programmed
with templates that allow it to control
the startup and speed of an ESP well
based on the input received from the
downhole sensors, flow meter and sand
probe. Inputs from downhole sensors
and surface instruments are used to
determine the condition of the well and
the equipment. Based on these inputs,
start-up mode or operation is “decided
on” by the intelligence in the RTU.

The intelligence is programmed into
the RTU based on previous knowledge
of the well or field. Input from engi-
neering and field personnel is critical to
properly operate the system. Control
commands are then sent to the VFD,
switchboard controller, or back-
pressure valve to ensure safe, proper
and efficient operation.

Data Quality

An ESP RTU gathers and stores in-
formation from each of a well’s smart
sensors through a polling process. Data
from other end devices can be brought
in using as many as eight digital and
eight analog inputs offered by the RTU.
Once this data is brought into the intel-
ligent RTU, there are several possible
actions that can be taken.

As many as eight channels of data
can be logged in and processed locally.
Recording can be triggered so that only
data that exceeds a predetermined limit
will be recorded. If the operator uses a
centralized SCADA or host system, the
RTU can be used to gather all end de-
vice data and then pass it along to the
host system. This can be very benefi-
cial for systems that use radios or
CDPDs to transmit the data, because
only one sending unit is needed to han-
dle a multitude of end devices.

Information in the system can be
made accessible to multiple decision
makers. Before, what was only accessi-
ble to field operators can now be avail-
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able to all pertinent well analysts, engi-
neers, and management. Sufficient and
timely data will not only assist immedi-
ate decision making, but will also aid in
future designs and installations. An
example of this may include an existing
pump or motor that is over- or under-
sized. The information provided by the
RTU can be utilized to match the well
with the optimal submersible system.

Any end device that has manually set
parameters can be updated remotely
from a central host system using the
ESP RTU. If the end device is set up
properly in the RTU, the user can inter-
rogate the individual parameters. If
changes to any of the parameters are
needed, the user can update them on the
host system and download the new data
to the RTU. The RTU will then update
those parameters in the end device as
necessary.

For instance, the required underload
shutdown may need to be updated due
to changing well conditions. Instead of
driving to a location to update this item,
the desktop software talking to the in-
telligent ESP RTU could be used to
make the change remotely. This is very
useful for remote wells that are difficult
or time consuming to get to.

The RTU sends a signal to a variable
frequency drive based on data from
downhole pressure and temperature
sensors, sand probe and motor control-
ler to adjust the speed of the ESP (Fig-
ure 1). It employs a start-up control
strategy to ramp production—consistent
with other constraints—by using a VFD
or surface choke (back pressure), which
eliminates hard starts that create stress
on the pump and motor.

By using a VFD, an operator has the
ability to set the parameters so that the
pump will react to changes in the well
which enables the pump to continue to
operate efficiently. The VFD can be
used as part of the intelligent ESP in-
stallation or as a stand-alone control
system.

Software

Integrating intelligent software pro-
vides a multitude of benefits for the
operator of ESP wells. Along with ad-
vanced analysis of the ESP operations,
wells can be grouped by alarm codes,
exception conditions, or well attributes.
This allows the operators to manage the
wells by exception.

That means that minutes after arriv-
ing at work, an operator can see which
wells need immediate attention. The
operator can then quickly focus his en-
ergies on those wells that are improp-
erly operating, or even those that are
displaying behaviors that are indicative
of a future problem, such as upward or
downward thrust within individual
stages of the pump. Time is spent solv-
ing problems rather than searching for
them.

Preconfigured trends and reports are
the basis of proactive well manage-
ment, rather than reactive response to
downtime problems. Intelligent ESP
software provides much more than
merely a way to track potential prob-

lems. It analyzes pump performance
and does ESP design.

Sophisticated analytical tools allow
the user to watch indications of well
and pump changes. By tracking well
testing results along with the pump and
well curves, the user can quickly iden-
tify the source of decreased production
as reservoir changes, pump wear, or
blockages occur.

The analyst is able to use real-time
data and perform detailed pump analy-
sis at each stage of the pump (Figure
2). With that information, he can im-
mediately see if each stage is in up-
thrust or downthrust mode. That allows
the operator to make immediate
changes to the system and, more impor-
tantly, allows for better designs in the
next pump placed in the hole.

The design engine provides a “best
fit” pump for a range of operating con-
ditions, utilizing an online pump cata-
log and integrated inflow performance
models. Design problems associated
with carbon dioxide and gas are han-
dled with miscible fluid and multiphase
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flow calculations. “What if?” scenarios
allow the analyst to choose between
pump designs based on criteria such as
electrical cost per barrel or pump effi-
ciency. The software provides a way
for operators to significantly decrease
failure rates, and ultimately increase
production and profits for a field.
Ultimately, the concept of ESP
RTUs is not to replace existing man-
power, but to augment and increase its

efficiency. Intelligence at the desktop
allows a company’s best well analyst to
have immediate access to data from
every well in a nearby field as well as
data from a field hundreds of miles
away.

Intelligence at the wellhead allows a
pumper or field operator to be at every
well in a field at all times. As previ-
ously mentioned, there are several rea-
sons local and/or continuous (24-hour)

control is necessary. The main goal is
to optimize operations by reducing
downtime or increasing equipment life.
Sufficient and timely data will not only
aid immediate decisions, but enhances
future designs and installations. Ulti-
mately, a field can experience an in-
crease in profits from reducing down
time, using manpower more resource-
fully, and efficiently using the ESP
artificial lift application.(J
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