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® Objectives:

®* A brief review the OI
integrity manageme
Evaluation (NDE) tec!

®* The types and role
sensors a

* Existing and future wireless
applications ;
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Passive Wireless Sensor Needs in Oil and Gas;
Asset Integrity Management

Emerging technology life cycle

The end user decides what technologies are
developed as well as their progress toward later life
cycle stages

The end user owns the risks and costs of operation

End users come from a broad range of backgrounds;
Inspection, Engineering, operations or management

There are many new technology success stories,
however the path to success can be difficult and the
bar is higher than in the past (e.g. >5100 million)
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O&G outlook on Emerging stage technologies:

* Un-proven technology for the fiela

* Boundary conditions for essential variables are
not fully understood

* Test performance is frequently poor during the
emerging stage

* Not yet adopted by codes, standards, or
specifications

* Lack of qualified technicians to perform the
application
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Emerging stage (cont.):

® High cost of service

® R&D cost recovery

® High equipmen ""
* Limited avallab| ity
* High labor cost
* Specialized techmma | .
*T&E |

® HSE risks as d
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It is possible for O&G emergmg technologles to
languish or die on the vine due to:

* High risk or cost aversion
* Poor understanding of the technology
* No one wants to be the first to use it

* An over-reliance on poor internal or external
technology performance demonstrations

* too broad of a performance test

* testing the technician rather than the
technology

* improper performance demonstration
boundaries for a given essential test variable
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Small Bore Branch Piping
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® SONAR Wireless Communincation
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®* WAVEGLIDER Surface Sonar




Bend Tomography -
Reconstruction
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Robotic Subsea Pipe Inspection

External ROV Deployable Robots: Remote Video,
Ultrasonics, Digital Radiography, Electromagnetics

Internal Inspection Robotics: In-Line
Inspection Tools: Ultrasonics,
Electromagnetics, Laser Profile, Tethered, Free
Swimming



)

Standardized design and

manufacturing for a range of robotic

inspection systems:
Miniaturized

Single NDT physics robots
Multiple NDT physics robots
Crawlers

Track mounted

Harsh environment
Intrinsically safety
Swimming

AUV or ASV comminication

http://blogs.nvcc.edu/cbowman/fiIes/2013/05/combinedle?ting-analysis.jpg



Pipe in Pipe Inspection
® Pipein pipe annulus inspectiol
® Subsea manifold dead Ieg

inspection

® Through-wall wireless
communication







Asset Integrity Management

Pressure Vessel Desigh Components

Extemal
o stiffener
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® Permanently Installed Ultrasonic Sensors
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® Permanently Installed Ultrasonic Sensors







BAD OIL PUMPS
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Passive Wireless Sensor Needs in
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UT-PIMS with on Board Ele

TO: MBD-3610
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UT-PIMS are seen as complicated and expehéive
Costs range from $2,500-5180,000

ssembly #1: 3 transducers

ssembly #2: 3 transducers
ssembly #3: 10 transducers
ssembly #4: 3 transducers

ssembly #5: 3 transducers

Signal & mechanical attachment

cable assemblies not shown
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Potentially
<$100/sensor

Very similar to
current UT-TM
processes

Compensates for
most UT error sources

Can be installed
beneath coatingsand
insulations R
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Manual DR scanner
On above ground
Insulated pipe

100 14X17” DR
Shots per hour

Now wireless!







Drone RVI and IR CUI/CUF Inspectlons
Agueous Water Detection




Robotic Crawlers
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Corrosion Resistant Coatings Arrest Electrochem
Corrosion Activity
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Localized Damage to Corrosion Resistant Coating_}
an Accelerated Anodic Corrosion Cell (Leak
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Current Oil and Gas research: Self-Healing
Internal Coatings As Fractured

Epoxy resin = —_
3 —
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After Healing

Thermoplastic
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Micro thermoplastic

Bubble in
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Wireless sensor technology cl
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How to determine if th C

working in miles of
How to detect
How to grade th

failure?
How to accurately |dent|g
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Medical Case for Nanorobots

® Nanorobotic devices will be use
protect the human body ag S
pathogens

®* Nanocomposites: Carbo ) wi
primary material of con
to its strength and che_,,,

® Nanorobots will contain electric
circuitry and sensors as well as
mechanized control surfaces su
propellers, fins and functlona
appendages

.....
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Future Wireless NDT

® Nanorobots (nanobots or nan
devices ranging in size fro ”
and constructed of nanosc
components. "

® Electrical circuits (on/
® Commercial viability €



Nanorobots

® Self-Replication: Nanorobo
re-produce themselves in



Nanorobots

Swarm nano-circuits

® Transmit individual wireless
an energy field

® Manufactured in swarm e
® Reclaimable
® Reusable




Internal Coating Robot with nano-
circuit axial, circumferential and
layer positional encoding



Nanorobots
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Wireless coded nanocircuits are
introduced directly into the

rocess stream when coating
ayers fail

A wireless exciter is located at
the inlet pipe of oil and gas
separator pressure vessel
The axial, circumferential and

layer information of entrained
nano-circuits are recorded and

referenced against coating
installation positions






Robotic Crawlers for Installed Corrosion Resistant Coatings f"'

Heavy and medium crude oil separation

Crude oil / gas /
water / sediments

Seperator Pressure Vessel







