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Introduction

AA major exploration and production company operated
Block 15 and unified fields Eden-Yuturi and Limoncocha
from 1986 to May 2006, when the contract passed back
to the Ecuadorian Government.

Aln 2004 a decision was made to implement an ESP real
time monitoring and diagnosis system in order to optimize
production and improve ESP operations. The system
Includes automation hardware equipment and a server-
client software package.

AThe purpose of this presentation is to give details about
the benefits of remote monitoring and control of ESPs,
and the real results achieved from using the ESP
monitoring and diagnosis system to monitor, analyze and
remotely control ESP performance at Block 15.



Introduction (cont.)

A Block 15 covers an area of 494,000 acres in the Amazonian
rainforest in the Oriente Basin, Northeastern Ecuador

A Block 15 operates 140 wells. The artificial lift method used is ESP
A Well and operating conditions are as follows:

I ESPs are installed at 6500-1 4 0 0 0 0

I Oll specific gravity is 18-22API

I Water cut: 5-85%

I Rates: 1,000-15,000 STBPD

I Reservoir Pressure: 2500-3500 psi

I Well temperature: 180-210 deg F

I Oil daily production: 90,000 stb/d

I Water daily production: 410,000 stb/d



Overview of ESP Operations at Block 15

A All the ESPs in the field are driven by variable frequency drives (VFDS).
ESPs are equipped with downhole sensors with associated surface
instrumentation.

A Before the installation of ESP monitoring and analysis system, the process of
ESP performance monitoring included a few main activities:

Weekly surveillance throu?h manual download of downhole parameters
(pressures, temperatures from downhole sensors)

Daily evaluation of amp charts

Dispersed information across multiple database systems, including
Excel spreadsheets

The lack of real-time information led to purely reactive intervention after
failure of downhole equipment.

The operating comloany saw a need in implementing a real time solution
for monitoring, analysis and optimization of ESP performance in order
to reduce ESP failure rate, improve equipment reliability and reduce
overall lost production as a result of downtime.

A new system would also bring better management of information to
help all of operations improve efficiency and better control overall costs.

Developing standard workflows around ESP analysis and operations
was an additional challenge.



Implementation of Software Solution

A To address all of these operational and engineering needs, a
commercially available Life of Well Information System (LOWISE )
was installed at Block 15.

A The system provides the following benefits:
I Real time smart alarming
I Real time and historical trending
I Theoretical ESP performance analysis
I ESP operation remote control
I Reduction of downtime
I Improved operational efficiency

T Standardized workflows



Communication Architecture of the Real Time ESP
Diagnosis System
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Software Benefits and Features

A Real time smart alarming

Smart alarms are configured in the system in order to predict
potential operational problems, and to prevent operational
failures and unwanted shutdowns.

All analog signals existing at the ESP site can be brought into
the software, trended and smart alarms can be set for these
analog signals. These analogs include downhole sensor data
(downhole pressure, motor temperature, vibration, etc.), surface
drive data (surface volts and current, voltage and current
Imbalance, drive internal temperature, etc), wellhead data
(tubing and casing pressure, tubing and casing temperatures).

There is a tiered alarming hierarchy. The hierarchy is built such
that there are two levels of severity of alarms. Level one: Low

Alarm, High Alarm. Level two: Low Low Alarm, High High alarm.

Specific color coding Is set for this alarm hierarchy. If an analog
value exceeds High or Low alarm set points, the operating

parameter wi |l | be i n a nyell owo

will indicate if it is Low or High alarm.
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Software Benefits and Features (cont.)

A Alarm Status Console. Status of all the wells is displayed.

I An engineer can see alarms on the PC screen and receive emalil
notifications to his/her computer and cellular phone/smart phone.
This enables the responsible engineer to always be aware of
any operational problems in his/her field.
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Software Benefits and Features (cont.)

« Example of how the alarming hierarchy works.

« Pump intake pressure drops and triggers first Low Alarm
and then a Low Low Alarm.

High High Alarm: 1200 PSI
High Alam : 800 PS

MNormal operation

Low Alarm: 500 PS
Low Low Alarm: 150 PSI

Real time trend
of Pump Intake
Pressure




Software Benefits and Features (cont.)

A Real time trends

I The production engineer monitors ESP operating parameters in real
time, and analyzes ESP performance over time using historical trends
of ESP operating parameters. An engineer can spot abnormalities in
intake and discharge pressure patterns, motor temperature, vibration,
tubing head pressure, motor amps and volts, etc.., and act proactively

to avoid unwanted operating events.
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Software Benefits and Features (cont.)

A Automatic ESP performance analysis. Detecting underperforming
wells

The system provides a quick solution to one of the greatest
challenges of ESP field operation (especially when 50+ ESPs
are installed), the problem of quickly detecting optimization
candidates.

An engineer gets all the necessary information about all
optimization candidates in his field in the morning, the moment
he/she logs in to his/her PC.

Every evening at a specified time, the software automatically
performs a batch analysis for all of the wells, and records results
In the ESP Performance Grid. Deviation of measured
parameters from calculated parameters is recorded in the grid.

An engineer can set filters to display only wells with greatest
discrepancy between measured and calculated parameters.



Software Benefits and Features (cont.)

A Software helps the engineer in a daily work by performing
nodal analysis and other calculations automatically

AEngineer just needs to look at the results and act
accordingly
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Software Benefits and Features (cont.)

AValidating well test results using pressure traverse
analysis

I Before analyzing ESP performance, it is important to
ensure that the WeII test data Is as accurate as
possible. T —
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Software Benefits and Features (cont.)

A Inflow performance analysis

I The inflow performance utility is used to evaluate AOF (absolutely open
flow) and reservoir pressure.

I LOWIS stores bottom hole flowing pressures captured from well tests
over a period of time, and graphs them in the chart. Values of AOF and
Reservoir pressure can then be fine-tuned to curve-fit through the most
up-to date test points.
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Software Benefits and Features (cont.)

A Operating point analysis

I After a well test has been validated, the diagnosis software
performs an ESP operating point analysis. This operating point
analysis carries out rigorous calculations, which employ well
system analysis to generate a well system curve, and stage-by-
stage computations to generate a pump performance curve.

I In seconds, the software runs calculations and compares
calculated parameters and measured parameters. This enables
the engineer to quickly identify artificial lift system degradation
and identify any problems with data quality.

I A further benefit of the operating point analysis is that, using that
tool, an engineer can trace ESP and well performance over time,
and clearly see what component of the system has changed
over time, ESP performance or reservoir conditions.



Software Benefits and Features (cont.)
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Software Benefits and Features (cont.)

ATracking changing reservoir conditions and ESP
performance over time using operating point analysis
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Software Benefits and Features (cont.)

A Normalized curve analysis

I This feature converts all the well tests available in the system to the
same base conditions T 60 Hz, 1 stage pump, 100% water cut.

I This feature allows the user to see how the ESP performance has
changed over a period of time against the same basis. It also shows
how the flow rate, % free gas in pump and pump efficiency change over

time.
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Software Benefits and Features (cont.)

A Dead head test analysis

I A dead head test is a technique that allows operators to validate
ESP pump performance by operating the pump against a closed
choke under controlled conditions for a specified period of time.

I These tests are usually performed for a very short period of time
to avoid damage to the artificial lift system. Dead head test
analysis helps differentiate the degradation of the pump
performance due to solids (abrasive wear) from degradation due
to free gas production and other factors. This is possible
because the pump performance cannot be affected by gas
production in a no-flow state. Only physical damage to the
pump stages can lead to a reduction in head under such
conditions.

I The dead head test evaluation interface allows the user to
il denti fy nhow mucho degradati on
and to distinguish between degradation due to wear and
degradation due to free gas. This tool provides a solid decision
making platform for production optimization solutions.



Software Benefits and Features (cont.)
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Software Benefits and Features (cont.)

A ESP remote control

I Using the real-time surveillance system, an engineer can control ESP operation
from his or her own office remotely.

I After performing rigorous analysis or in case of an alarm of high severity the
engineer can immediately change operating conditions. The ESP can be shut
down or started up from his/her own PC.

I An engineer is also able to set all the necessary VFD operating parameters such
as the start-up frequency, ramp-up algorithm, VFD operating mode, number of
allowedre-st arts, direction of rotation, etoc
office.
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Real Results

Almplementation of the ESP monitoring and diagnosis
system in Block 15 brought material changes to the
companyos operations.

Aln the first 12 months of use, operators achieved
production uplift in 28% of their wells with an average
production increment per well of about 30%.



Experi encing the nDIglta

ABl ock 15 has realized and is experiencing
in workflows and achieving operational efficiency. These improvements came by
developing standard work processes at the start of the project and then executing and
Improving on them as the project progressed. The engineer is a vital part of these
improvements and the use of such an optimization system has enabled improved work
practices.

A The real-time module also enabled the operators to better prioritize their work and
manage their work tasks more efficiently.

A Additional improvements came through the following:

I Smart alarms used to capture any ESP performance abnormalities as soon as
they happen

I Real time and historical trends used to analyze and detect any abnormal
patterns of operation in real time and in the past

i ESP analysis workbench used to identif)
problem, and enabled improvements in ESP design

I Remote control console allows to implement optimization decisions immediately
from the computer screen. This provides a great advantage in proactive planning
and preventing ESP failures and improving production
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