


Accurately pinpointing irregularities in a well’s
Integrity will quickly determine any appropriate
remedial action, minimizing contamination or
potentially catastrophic accidents before they
happen.

GE’s Sondex Wireline Well Integrity tools ensure
the precise measurement and evaluation of
tubing, casing and cement quality; saving time,
money and resources.
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World leaders in
well integrity measurement

GE Energy designs, develops and engineers state-of-the-art electro-mechanical
equipment to run well site operations for oil and gas corporations. Our research
and development is continuous, to ensure we always provide reliable technology,
delivered on a global scale through exceptional customer service, specialist sales

and local customer support.

Precise Measurement of Inner Casing and Tubing
Most pipe integrity failures develop over time and today’s small pit
often turns into tomorrow’s damaging large hole.

GE offers an expert range of precision Multifinger Imaging Tools
(MIT) providing the ideal, cost-effective solution. These tools will
identify pits, cracks, scale, buckling, collapse and holes in the pipes
inner radii with high resolution and in all well fluids.

Surveying Pipe Thickness

It's crucial to identify the exact point of metal loss as quickly as
possible. Our Magnetic Thickness Tool (MTT), in conjunction with
MIT data, continually surveys pipes, identifying the location of
weaknesses, both internally and externally.

Evaluating Cement Conditions

Making sure hydrocarbon zones have minimal water entry is
dependant on well-bonded cement. Our Radial Bond Tool (RBT)
provides accurate and economical inspection, identifying areas
of poorly bonded cement around the circumference of the well.
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World-Class Technology

With our specialist 3D visualization (WIVA) and statistical software
(WIPER), the analysis of this valuable information couldn’t be simpler,
faster or more ‘user-friendly’.

Optimizing Integration

All the well integrity tools operate in memory or surface readout
mode and run on our unique Ultrawire* bus. This allows the best
combination of tools to be run simultaneously providing optimal
data for each job. They also combine effortlessly with GE's
production logging tools.

Excellence You Can Rely On

All successful logging jobs depend on obtaining good quality data,
without costly failures and lost time. Our equipment is designed to
consistently produce precise measurements and operate with high
reliability. Our applied expertise ensures excellent sensor design
and testing, combined with the selection of reliable components,
appropriate materials and rigorous manufacturing procedures.



System Overview

Comprehensive system at a glance

Data Acquisition Logging Systems

Memory Surface Readout
Logging data is stored in the tool Logging data is transmitted

and merged with depth information to the surface for real-time
for later analysis. . analysis.

Ultrawire* Bus

All well integrity tools operate on our unique digital telemetry
Ultrawire* Bus and allow simultaneous operation with other Ultrawire* tools.

Tools

Multifinger Imaging Tool p06
Our Multifinger Imaging Tools (MIT) measure the -

radius of the inside of a wall or pipe with precise E_'(é_i - — — =
resolution.

Magnetic Thickness Tool po7

The Magnetic Thickness Tool (MTT) surveys —
variations in pipe metal thickness. %
WIPER pos | WIVA

This is an exceptionally = -
useful well investigation =
tool which presents pipe "
in 3-dimensions and colour =
for easy interpretationof =

large amounts of data.

State of the art software
to statistically evaluate,
and report on the

well’s reliability.
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Radial Bond Tool p10

Our Radial Bond Tool determines the quality of
the cement job.

Additional Sensors pll

We continue to create additional sensors to meet

the needs of specific job requirements.
Accessories pl1

A full range of accessories to help maximize productivity,
efficiency and longevity of our well integrity tools.

N J
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* Trademark of General Electric Company.




Multifinger Imaging Tool
Available with 24, 40 or 60 fingers

The Multifinger Imaging Tool (MIT) is available in 24, 40 or 60 fingers to suit a wide
range of different pipe sizes. Each finger makes contact with the inside wall of a
pipe - measuring radius with precise resolution and accuracy to detect defects
such as corrosion, significant cracks, scale build-up, buckling, collapse and holes.

The MIT is run into the well using in-line roller centralizers and

Key Features

the tungsten tipped measuring fingers open to measure the » Accurate and high resolution measurement of all well fluids

internal profile of the casing. Logs can only be made while pulling « Different tool sizes optimize coverage for maximum pipe detail

up the hole. The opened fingers contact the inner surface at low » Extended finger options can log a wider range of pipes

pressure, increasing sensitivity and removing the risk of scratching. « Ultrawire* combines good logging speed with high quality data

MIT measurements aren't effected by well fluid and can be run + Simplifies maintenance procedures and maximizes reliability

alone or with other tools in memory or real-time. * Theintegral inclinometer measures deviation and identifies wells’
high sides

Multifinger Imaging Tool (MIT)

The MIT is used to detect changes to the internal
surface condition of tubing or casing. The caliper
fingers have a high degree of accuracy and respond
to very small changes.

* Runs simultaneously with other Ultrawire* tools.

40 Fingers
Medium size casing.

24 Fingers
Mostly for work in tubing or casing through restrictions.

60 Fingers
Larger size casing.

Technical Overview

The tool is pulled up with the finger tips deflecting

in and out, mirroring the surface of the casing or
tubing. Typically an area of corrosion will show
increased radii values, while scale deposition shows
a reduction. The data is recorded at a rate of 50
readings per second per finger allowing a vertical
resolution of between 0.06in (1.5mm) and 0.12in
(3.1mm) depending on the line characteristics and

recording system. The maximum recommended
logging speed is 60feet/min and data is unaffected
by gas, oil or water phases. An inclinometer identifies

the highest finger in the well and shows well deviation,

allowing logs to be orientated correctly. Data can be
acquired in surface readout or memory modes to
create simple API presentations, 3D images in WIVA
and joint-by-joint statistical analysis in WIPER.

During surface readout operations the tool can
be closed to allow repeat sections to be run and
during memory operations repeat sections can
be programmed. MIT can be combined with other
Ultrawire* tools and run in surface readout or
memory mode.



Magnetic Thickness Tool

The Magnetic Thickness Tool (MTT) surveys variations in pipe metal thickness.
Its distinct mode of measurement gives customers practical, operational and
financial advantages - minimizing risk and maximizing resources.

12 sensors are mounted on the inside of a set of bowsprings,

Key Features

allowing the MTT to pass through tubing and log pipes of up to 7in » Surveys wall thickness to detect internal and external metal loss
diameter. An alternating magnetic wave is emitted, traveling along » Detects pitting and consistent or intermittent metal loss
the outside of the casing wall before passing back through the tool. » Sensors mounted on bowstrings allow through tubing

The metal casing thickness alters the speed and amplitude of the

wave, where it is detected by the sensors.

deployment

» Combined with MIT provides comprehensive pipe analysis
« Ultrawire* platform for surface readout or memory mode logging.

Magnetic Thickness Tool (MTT)
The MTT surveys variations in pipe metal thickness. Twelve sensors are mounted on the
inside of a set of box springs, allowing the tool to pass through tubing to log pipe up to 7in.

Tool Comparison lllustration

Pipe wall wth Delects Gradual thinning This diagram shows the response of
orly seen with MTT our MTT compared to a magnetic flux
leakage technology tool. Only with the
AR/\FL Technology MTT does the base line response shift
esponse 7\ A A with metal volume. This means that only
_— A -~
1 N ' the MTT can see gradual thinning.

Sondex MTT
Response

MTT Base line shifts MFL technology shows edges of pits

with metal volume (Harder edge gives bigger spike)

-
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Technical Overview

MTT comprises an AC magnetic wave generator, with
12 receivers on bowsprings. The tool is run into the
well and calibrated to record gain settings and pipe
material properties for each casing size or type, this
enables thickness determination during post log
processing. As the tool is operating the generator
produces an AC magnetic field that is propagated
along the outside before re-entering through the
casing. The casing thickness affects the arrival time,
phase and amplitude of the returning signal. Each

receiver measures these variations, detecting features
resulting from metal loss, including perforations, pitting
(corrosion or erosion), gradual metal thinning and
cracks. The log shows the location of these defects,
but not whether they are on the internal or external
casing wall. To establish this, the MIT should be runin
tandem to confirm or eliminate metal loss to the inner
wall. The MTT will also detect changes in the basic
magnetic properties of the casing, identifying potential
electrochemical corrosion.

The tool will also locate externally mounted items
such as casing centralizers. 100% coverage is
achieved for casing sizes up to 5in with 7in being
the maximum recommended size to be logged.
The recommended logging speed is 10feet/min,
with a maximum speed of 3feet/min. MTT can be
combined with other Ultrawire* tools and run in
surface readout or memory mode.



Well Integrity Processing, Evaluation and Reporting

Well Integrity Processing Evaluation and Reporting (WIPER) is a highly accurate
and comprehensive reporting software package. After the logging is complete it
will process, statistically evaluate, and report on the well’s condition. Data from
the MIT and MTT can be processed automatically through WIPER to identify
certain features in the well - most obviously the collars. After establishing
parameters, the software carries out a joint-by-joint statistical analysis and
builds a report summarizing the state of the pipe in the well.

Short and longer term preservation of well integrity gives practical Key Features
and financial advantages and WIPER can be used for both. « Fast, comprehensive analysis through MIT and MTT for pipe
For example, reports from a sequence of logs can be compared penetration and metal loss

Analysis of pipes for flow constriction

Reports generated directly to PDF format for storage or printing

Customized reports including user-selected cross-section views

Simultaneous viewing of MIT and MTT data and joint tabulations.

to see how a pipe is wearing, facilitating corrective action before
a major problem occurs.

WIPER data can be customized and is generated in a PDF format
which is easy to store digitally and print whenever required.

WIPER Illustration

WIPER software provides the means to process MIT and \
MTT data, make an evaluation joint-by-joint and produce

a report detailing the condition of each joint with the

location of the most serious holes or corrosion. It provides

a rapid snapshot of the well when the tool is being runin

either surface readout or memory operations.
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Well Integrity Visual Analysis

Well Integrity Visual Analysis (WIVA) is a three-dimensional state-of-the-art
software package for visual analysis of the essential well information provided by
MIT and MTT. This is an exceptionally useful well investigation tool and helps when
deciding on cost-effective remedial action for identified problems or damage.

By combining information from MIT and MTT, three-dimensional
images of casing and tubing are created on screen. Color schemes,
meshes, arrows and numerical data help engineers understand the
structure and condition of the well, and identify damage.

WIVA images can be viewed on a PC and examined in great detail
from any angle.

WIVA lllustration

Key Features

» 3D imaging of casing inspection data from multiple tools

» On-screen control of the 3D images showing high side indication
and pipe orientation

» Avariety of imaging options and annotations

» Color maps to identify nominal and anomalous pipe sections

 Full MS Windows compatibility.

WIVA allows the customer to view MIT/MTT data in three-dimensions with colors,
meshes and arrows to help an engineer understand the structure and condition
of the well both on the inside and outside.

Hole in casing
(Highlighted in red)

Sub-surface
safety valve

Diameter change

888V Lock Profile

Port for Hydraulic Line from Surface

Erosionina
cross-over
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Radial Bond Tool

Available as 1 ¥isin (6 receivers) and 3 %in (8 receivers)

Radial Bond Tools (RBT) transmit an acoustic signal to the well casing and
segmented receivers, then record the returned signals from around the casing to
determine the quality of the cement job. RBTs are an important and frequently run
tool for assessing cement quality, locating flaws and planning corrective action.

The information provided by an RBT can be crucial in planning Key Features

a repair. The size and position of a feature, such as a channelin » Available as 1 %%in (6 receivers) and 3 Y%in (8 receivers)
the cement, will be highlighted on the RBT log. It reduces risk, ¢ Identifies the condition of cement
unnecessary expense and saves precious time and resources. ¢ Slotted sleeve design provides rigidity for operation in

deviated wells
Cement is typically evaluated immediately after the cement job, or » Highly economical to operate
just before perforation using a cement bond tool. The RBT provides * Will locate stuck pipe.
additional information about the nature of a cement problem. Using
a coloured map, it makes flaws easy to recognise. Standard CBL
curves are also produced if required.

The RBT provides a map showing cement bond around the whole
circumference of the well to identify channels or other flaws.

Radial Bond Tool (RBT) 3 %in (79mm) with 8 receivers

Illustration

Qi Channel found with RBT \
. | This log shows two channels,

Tl I highlighted in white in the right-hand

i track and by the separation of red

] and green minimum and maximum

il amplitude curves in the track next

I| ) il toit.

\ Channel in cement identified with RBT
The RBT is designed to locate features
such as channels in cement. Multiple
receivers allow differentiation between
good cement bond and no cement
around the circumference.

Partial channel or void
Casing

Cement between
casing and
formation

Formation

Channel with no cement
befween casing and formation

Formation
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Technical Overview

A single transmitter provides pulses of acoustic
energy radiated in all directions. An array of
receivers is spaced 3ft from the transmitter plus
asingle receiver at 5ft. The transmitted acoustic
energy causes casing vibrations. Where the pipe

is unsupported by cement, amplitude is high, as
nothing restricts the casing vibration. Where the
pipe is well cemented, casing vibration is dampened
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so the amplitude is low. If the cement bond is weak,
acoustic energy transmission through the formation
is poor; if both casing and formation are well bonded,
the predominant signal comes from waves traveling
through the formation outside the casing and cement.
So analysis of the full wave form can accurately show
the extent that cement is bonded to the pipe and
indicate the degree of bond to formation. The RBT is

run at speeds up to 70ft/min or 100ft/min if the line
permits 100kB/sec telemetry. A shop calibrator is
available - used normally after major tool servicing
and for pre-job check calibration. RBT can be
combined with other Ultrawire* tools and run in
surface readout or memory mode.



Additional Sensors and Accessories

Our range of accessories are designed to centralize the well integrity tools in
the pipe minimizing wear and tear and achieving data accuracy. Tools for depth
control, head tension and inclination measurement are also available.

The well integrity sensors are best run centralized. Roller
Centralizers position the tool's sensors and minimize friction.
Knuckle Joints add flexibility to the string and Swivel Joints
allow relief from wireline torque. In open hole it's preferable to
run Springbow Centralizers which slide over the borehole wall.
The optimum toolstring format will be determined by the well
completion, and our engineers are always available to offer
expert advice.

Key Features

» Low friction centralizers help toolstrings travel along the well

» Double rollers provide smooth run over casing joints

» Platinum Resistance Thermometer responds to heat from
setting cement

» Depth correlation with Gamma Ray and Casing Collar Locator

» Head Tension Unit helps protect string in difficult interventions

* The Inclinometer Accelerometer measures well deviation.

Additional Sensors

Production Gamma Ray (PGR)

This tool responds to the natural radiation of the different layers within the
formation. As well as lithology identification, they are used for depth and correlation
with open hole logs.

Inclinometer Accelerometer (PIA)
Measures well deviation to assist interpretation and remedial action planning.

Platinum Resistance Thermometer (PRT)

As cement sets it emits heat. This can be identified with the thermometer tool if run
shortly after the cement job is complete, so the top of the cement column is still
noticeable. The PRT can also identify flaws in the cement and detect leaks.

Casing Collar Locator (CCL)
This tool provides depth correlation and can indicate the location of
perforations or damage.
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Accessories

3 Arm Roller Centralizer (PRC)

This versatile centralizer, is suited
to well integrity and to run the 24 finger MIT.

6 Arm Roller Centralizer (PRC)
This large diameter centralizer has the range and strength to support the
60 finger MIT in bigger case size.

4 Arm Roller Centralizer (PRC)
Providing the highest centralizing force and smoothest running, a contoured arm
profile aids entry into restriction. Particularly useful in horizontal wells.

Swivel Joint (PSJ)
Allows the release of torque that would otherwise build up in the cable so that the
toolstring is not forced to spin, resulting in loss of log quality.

—— ="

Knuckle Joint (PKJ)
The PKJ allows some tools to run decentralized, reducing the number of centralizers
required for tools that have to be accurately positioned at the centre of a well.

Head Tension Unit (HTU)
Monitors tension or compression near the cablehead weak point minimizing the risk
of logging cable breakage or toolstring damage.

J
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Our logging tools will switch between real-time and memory
logging by changing from Telemetry Crossover to a Memory tool.
The surface readout system is available in a rack for permanent
installation, or in a portable hard case with a military specification
laptop for operations on multiple units.

The Memory logging system is controlled from a laptop, and can be
mains or battery powered. A program will be written to the Memory
tool before the job, with commands to collect data and operate any
motorized tools in the string. Data is downloaded after the job and
merged to make a log.

SRO and Memory systems run with Warrior acquisition software
Portable logging system uses military specification laptop for
data protection

Rack systems have dual hard drive for data protection

SRO systems operate all Ultrawire* tools; 3rd party with an
optional panel

MS WindowsTM compatible applications also run the log
interpretation packages.

Components

Depth Time Recorder (DTR)

Memory Interface Panel (MIP)

Rack Mounted Logging Systems

Midas Ultrawire*
Portable Logging System

-~
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Ultrawire* Memory Tool (UMT) and Memory Battery Housing (UMB)

Memory Logging System
This battery powered Memory system controls the logging tools and stores the
data. Depth information is recorded against time and then all data is merged to
create a standard API log.

|

v T v
Midas Ultrawire*  Midas Case Hole
Logging System  Logging System

= I

Telemetry Tool

Surface Readout Logging Systems
This Telemetry Crossover Tool (XTU) sends logging data direct to the
surface in real-time using Ultralink*.
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Case Studies

GE's Sondex well integrity tools have been instrumental in providing clients all
over the world with efficient, productive and cost-effective solutions to diverse
issues and challenges. Below are just a few examples of our innovation in action
across the globe.

Ukraine: Casing and Cement evaluation of gas storage wells. The Ukrainian transportation
system for exporting Russian gas to Europe involves over 2000 wells across 12 underground
storage reservoirs. Reliable and safe operation of the reservoirs is crucial to the successful
gas exportation program.

Ukraine, an accurate and reliable casing and cement evaluation is
made in one timely, accurate and economical run.

Challenge

Logging this number of wells could accumulate thousands of hours
of logging occupying several units. Sondex was selected to provide
a practical, cost-effective answer. Results

Logging operations have considerably increased in efficiency -
allowing the client access to first class data with greater speed and
regularity. The tools have identified cases of corrosion and cement

defects prompting swift and effective remedial action.

Solution
Nadra Group’s affiliate company UkrPromGeofyzika purchased all
three types of Sondex well integrity tool. For the first time in the

Venezuela: Hole in tubing. A well in Venezuela was failing to meet production expectations.
A leak was suspected. Sondex Well Integrity Tools were used to investigate the cause.

Results

Conclusive information from the MIT log determined that a snubbing
unit could make the repairs, rather than a full work over rig, saving
the customer an estimated $25,000 in costs and $84,000 for brine
to control the well; a total saving of $109,000.

Challenge

While increasing Electric Submersible Pump (ESP) speed for a higher
rate of oil production, actual production at surface did not match
expectations; therefore a tubing leak was suspected.

Solution
A Sondex 24 finger MIT was deployed to inspect the tubing condition
and a small hole with a diameter of less that %in was identified.

The well was brought back in to production at a rate of
approximately 240bopd. Information from the Sondex MIT helped
restore productivity, saving valuable money, time and resources.

California, USA: Damaged slotted liner. A hole, partial collapse of a slotted liner and
crossover erosion were all discovered in the same single well.

Results Erosion in the crossover

Challenge

The oil company wished to
investigate a suspected hole
close to the surface in this
particular well.

Solution

A Sondex 60 finger MIT with
extended fingers was deployed
to log the entire well. Data was
provided to the oil company

in 3D format using WIVA,

and a comprehensive WIPER
statistical report.
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The 9 %in casing near to the
surface was actually in good
condition. However, a large
hole and partial collapse were
identified in the deeper-lying
6 %in slotted liner.

Crossover erosion was

also revealed. The MIT log’s
conclusive findings formed the
basis for fast, cost-effective
remedial action.

Hole and bucking in the slotted liner

~
=
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General Specifications

Data Acquisition
Ultrawire* Memory Tool (UMT) 350°F 15kpsi 1 1/4ein

N/A
Telemetry Crossover Tool (XTU) (177°C) (103MPa) (43mm)

Casing Inspection

15kpsi 11600 414in (114mm) /
(103MPa) (43mm) 7in (178mm) extended

. . 350°F 7in (178mm) /
Multifinger Imaging Tool (MIT) 40F 177°C) . 10in (254mm) extended
20kpsi

Multifinger Imaging Tool (MIT)

(138MPa) 10in (254mm) /

Multifinger Imaging Tool (MIT) 14in (356mm) extended

N 300°F 15kpsi 1 1/in ) :
Magnetic Thickness Tool (MTT) 150°C) (103MPal 3mml 7in casing

Cement Evaluation

. 1 14600 . .
Radial Bond Tool (RBT) 6 sector 7in casing
o . (43mm)
350°F 20kpsi

(177°C) (138MPa) Radial response: 9 s4in casing.
Radial Bond Tool (RBT) 8 sector CBL 3ft & 5ft signals:

13 34in + casing

Accessories
Head Tension Unit (HTU) 350°F 15kpsi 1 11/4ein

Inclinometer Accelerometer (PIA) (177°C) (103MPa) (43mm)

We have a broad selection of Centralizers, Model Model Model
Knuckle & Swivel Joints for each application dependent dependent dependent
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