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Downhole Ultrasonic Inspection

Introduction

=Based on Ultra-high fidelity Ultrasonic transducers and the unique
Cereus Engine processing techniques, which delivers the optimum
acoustic signal at the target, the tool will accurately measure the
internal diameter and thickness of production tubing and casing in
both fluid and pressured gas.

=CBL imaging. independent and quantitive inspection of the bond,
micro-annulus and cement variability (impedance)

=Using the Cereus Engine and advanced signal correction
techniques the same tool is being developed to deliver precision
inspection of casing and the casing cement bond from within the
production tubing

sSlickline conveyed 2.125” diameter memory logging tool:

Initial tool 8,000 psi, 125 °C, Sour service (150 degC to follow)
Operating range from 2 7/g” tubing to 13 3/g” casing

Multi applications in one tool

Contactless sensor — No tubing/casing damage

360, high resolution, high accuracy measurements

Capable of measuring in pressured Gas (>35 bar), as well as liquids
(oil/water/brine). 1.24 SG oil based mud.

Logging speed Variable - Typical 10m/min

Battery = 6000m continuous logging

Tool length —3 m

Output data to industry standard well integrity visualization packages.

On-site processing and results



@isruptive equalisation technology - Cereus Engine

TRANSMITTED SIGNAL - FREQUENCY DOMAIN
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CDisruptive equalisation technology - Cereus Engine

TRANSMITTED SIGNAL - TIME DOMAIN

" N
Short duration Sync pulse
with the Cereus Engine
\ J . . 11 47
p . « Software optimised “transmit” waveforms
iy e duration ‘Svnct ol with the widest bandwidth and constant
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with conventional systems amplitude across this bandwidth in tight
\ J timeframe.

 Wider bandwidth, consistent signal and

time bound response facilitates improved
/" Integrity of original signal \ interpretation.

retained through Tx/Rx
electronics, Tx/Rx _
transducer and medium, « Enables analysis of both resonance
yielding a compact high . .
: amplitude peak with signals over time and frequency
% : reduced noise and modulation.
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@isruptive equalisation technology - Cereus Engine

« Creative use of the Cereus Engine can provide various solutions such as cancelling out structures within a
medium.

« Without the techniques employed within the Cereus Engine, no system will accurately reproduce the electrical
signal applied to it.

Desired input
electrical signal
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Optimised received
electrical system
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Water Water
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Example of the principles

¥ " Tool Data Inspector - E:/Trials Data/2022-04-01 Montrose Day 2/04 Download python/chunk_008/processed_binary.npy

File Edit
Time Plot Spectrogram Echogram

Yaxis: Revs | Colourmap: |jet v | [JReverse Smooth pixels dB Scale Display range: |40dB | Reflevel (dB): 66.0 Auto  Smoothing (samples): |4 3| (Rev ---, ---.-ps) ----.-dB

Shot 3 (160 revs, 4096 samples)
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Gechnology applications

Cereus
Engine

P

Nusonix
Inspect/Gas ™

Nusonix
Evaluate ™

Nusonix
Multi-string ™

Simultaneously measures
internal radius and wall thickness
of production tubing and casing.

High resolution measurements in
fluids and pressured gas wells
above 35bar.

360° image of casing internal
radius and wall thickness.

Direct measure of cement bond
adjacent to casing and quality of
cement to next casing, formation
or fault.

Combines capabilities of
‘Inspect’ and ‘Evaluate’.

Insight into casing geometry and
cement bond from logging within
production tubing.

@II Integrity:

* Repair Well Damage
* Plan Abandonments

Well Survey:
* Pre P&A

Damage

« Well Integrity

\-\Slot Recovery

» Optimising Production

 Plan Well Enhancements

« Subsidence/Compaction

~

/




@usonix— Inspect

Ultrasonic multi purpose downhole
inspection tool

* Slickline memory

* Compact and simple to rig-up —3m long

* PC based set-up and reporting software

* Slim hole integral centraliser to suit tubing size
*  Minimum applied contact force to tubing

* Requires additional bow-spring above tool
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Field trial results Hi-resolution results

Internal radius (mm) Internal radius (mm) Thickness (mm) Thickness (mm)

‘ max ) max

Angle 360° min 0 o min

9 5/8” casing o " =

inspection
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CI\/IuIti—casing detection
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9 5/8” casing ID

From some of the CBL modelling and experiments this could be 13 3/8t%
return creating resonances in the 9 5/8t tubing as it passes through.

9 5/8” casing thickness

13 3/8” casing

resonances



Multi-casing detection

133/, Casing Observation of 2"d casing at Alwyn, North Sea.

Water . .

Single revolution of the transducer
95/” Casing

Water ® ' Tool Data Inspector - C/Users/paule/Cereus/assets/Jobs/2022-09-03T04_43_51Z/chunk_005/processed_binary.npy

Rev 1 (60 shots, 4096 samples)
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50 - : . .
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Rev: 1 ¢ of 800 Shot: 1 ¢ of 60 8 Apply Rx Equalisation  Blanking (samples): 500 X axs: Tine (us) SoS {mfs): 1482.3
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Q\lusonix Evaluate™ — Multi-casing detection

4 1/2” tubing 9 5/8” Casing

* Observation of 2nd casing.

« Single revolution of the transducer

9 5/g” Casing

360°

Water
4 74" Tubing

Water




Nusonix Inspect™ — Eccentricity plots

Mo 120
Time (us)
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@asing & Cement inspection

Possible Capabilities:

v

Direct wall thickness measurements
Internal geometry mapping
Dis-bonding of internal casing
Cement annulus cavities

Bond to next casing/formation

Cement guality

15



Nusonix Evaluate™ — Bismuth plug verification

( Weakerbond )

Weaker bond
across 360°
profile in test
well with set
process for
Bismuth
impacted by

test conditions

Verified strong
bond quality
and

consistency on
Bismuth in this
section
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repeatable measurement
and conclusions driven by
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response
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@asing to Cement CBL — Introduction of casing 1

Steel plate is placed above the transducer on the water surface to emulate Casing 2
casing 1 with a gaseous backing (dis-bonded, gas in the micro-annulus). cement
Casing 1

Steel plate dimensions: 150mm x 100mm x 11.97mm. Water

Air

Steel plate Speed of sound = 5950 m/s

A

Water

50mm TX RX

17



Amplitude

Casing 1 to cement (Bad Bond (Gas))

Amplitude ()
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@asing 1 to cement (Good Bond)

A wet sponge is placed on the top of the steel plate to emulate casing 1 Casing 2
with well bonded cement. Cement
Casing 1

Steel plate dimensions: 150mm x 100mm x 11.97mm. Water

Water

e

11.97mm Steel plate Speed of sound = 5950 m/s

T Water |

o0mm TX RX
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Casing 1 to cement (Good Bond

1 0 0 0 0 0 g g g 1 1 ' ' " 0 0 '
14.00 16.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.0050.90
Time (uS)

Plot 0

Note : Fundamental resonance is subject
to a large reduction in amplitude

' '
600 700
Frequency




@asing 1 to cement (Bad Bond (Water))

A water gap of 6mm is created between
e a compressed cement block and the
T steel, emulating a large dis-bondment
between casing 1 and the cement.

Compressed Cement Block
Speed of sound = 4082m/s

/NN

Steel plate

A
A Water

50mm TX RX

21



Casing 1 to cement (Bad Bond (Water))

|
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Note : Additional reflections due to the 6mm water
gap between steel plate and cement surface

Amplitude (V)
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= B8 Cursor 1
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Note : Interference pattern in the frequency domain
caused by the additional reflections.
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(L Snle:

info@cereus-ultrasonics.com
cereus-ultrasonics.com



mailto:info@cereus-ultrasonics.com?subject=More%20info
http://cereus-ultrasonics.com/
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