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Just intelligent, nothing artificial.

In association with:



Cereus “Nusonix” ultrasonic downhole logging tool

Based on Ultra-high Bandwidth Ultrasonic transducers and
the Cereus Engine processing techniques, to deliver the
optimum acoustic signal at the target, the tool will accurately
measure the internal diameter and thickness of production
tubing in both fluid and pressure gas*

360° casing ID and thickness and CBL imaging. Independent
inspection of the bond

Using the Cereus Engine with modified transducers and

advanced signal correction techniques, the inspection of
casing and the casing cement bond from inside the
production tubing is a potential of the technology

*Currently, only ID in gas.

(C serevs

— Slickline conveyed

— 2.285” diameter memory logging tool

— Current tool 8,500 psi, 115 °C, Sour service
Operating range from 2 j ” tubing to 13 j ” casing

Capable of directly measuring cement bond external to casing and layered
composites (GRE lined tubing and casing)

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)

Logging speed 20m/min (Lo-res), 10m/min (Hi-res), 5/min (Ultra Hi-res)
Battery - 4000m continuous Hi-Res, or 8000m Lo-Res measurements
Tool length: 4m, weight: 40kg (with single battery pack)

Laptop based processing

Output data to industry standard well integrity (2D/3D) visualization
packages allowing on-site analysis and a composite report. Complete
download of processed data ~ 2 hrs (depending on run length).

Capable of detecting defects as small as 2mm in diameter; Internal diameter
accuracy better than 0.1mm, wall thickness resolution of 0.05mm, and wall
thickness accuracy 0.05mm



CCereus “Nusonix” ultrasonic downhole logging tool

@/ CEREUS

ULTRASONICS

Ultrasonic production tubing inspection tool

Too T To T To I

Slickline memory

Compact and simple to rig-up — 4m 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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@asic principles of Acoustic Resonance Technology (ART) @ CEREUS
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The Cereus Engine CEREUS
The Cereus Engine provides a wide frequency bandwidth and a short v ULTRASONICS

time duration signals. This defines ‘High Fidelity’'.

Reference signal:

. Without the Cereus Engine: -3dB bandwidth of 465kHz (1633kHz - 2098 kHZz)
Sinc pulse: 500kHz to 3MHz
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Without the techniqgues employed within the Cereus Engine, no system will accurately reproduce the electrical signal applied to it




Example of the principles CEREUS

Acoustic returns over a perforated joint

" Tool Data Inspector - E:/Trials Data/2022-04-01 Montrose Day 2/04 Download python/chunk_008/processed_binary.npy
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Case Study: Enabling Better Decision Making @/ CEREUS

Client: Location:

TotalEnergies UK North Alwyn (UK) Key Outputs:
MFC Nusonix

Internal Radius
Angle

TotalEnergies

Client Challenge:

A Determine the amount of wear of the 9 5/¢" casing due to previous drilling operations, before a planned
slot recovery

Cereus Solution & Results:

A Nusonix Inspect™ application was run on wireline below a 60 fingered MFC

“Thickness (mm)

A Nusonix Inspect™ accurately measured internal diameter and wall thickness of the casing with rotary wear
clearly identified to a greater resolution than outputs obtained from MFC

Value to Client:

A Improved accuracy of wall thickness measurement in addition to internal radius measurement allowed for a
high confidence in the absolute measure of metal loss

A Using the MFC internal radius and API calculation based on assumptions regarding nominal thickness and
measured internal radius of the MFC would have determined the loss to be in excess of allowable wear
however, direct measurements provided by the Nusonix Inspect™ data provided an absolute measure of
wear which was within the acceptable limits

A The client was therefore able to re-use the slot for a further well resulting in an estimated direct cost saving High resolution direct measures of both internal
of several $millions radius and wall thickness




Case Study: Tubing Deformation

Client: Location:
TotalEnergies Italy Gorgoglione (Italy)

TotalEnergies

Client Challenge:

A Determine the extent of casing deformation due to stratigraphic movement. At a depth of
2433m

Cereus Solution & Results:
A Nusonix Inspect™ application was run on Slickline
A The well fluid was a very viscous heavy oil.

A Excellent measurement of tubing ID and wall thickness, clearly identifying tubing disturbance
at the casing deformation depth of 2433m. Tool showing very high repeatability between 4
passes.

A The acoustic returns from the casing were unreliable due to the signal loss in the heavy
produced oil. Future jobs will be carried out in water.

Value to Client:
A Good visibility of tubing movement at the known depth of casing deformation.

A Weatherford subsequently ran an MFC which failed to detect tubing deformation due to
compensation and centralisation methods hiding the deformation

A Future jobs to detect casing deformation from within the tubing will be run in water.

(C serevs

Key Outputs:

High resolution direct measures of both
internal radius and wall thickness







Ultrasonic CBL Imaging Principles - In the past CEREUS
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Ultrasonic CBL Imaging Principles - In the past
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Narrow BW signal is broad in the
time domain - very hard to
identify individual reflections

The FFT of the head of the
waveform shows a dip at the
resonant frequency (or a harmonic
there-of)

The frequency of this dip is a
function of the wall thickness



Ultrasonic CBL Imaging Principles - CEREUS - (Lab Data)
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High BW signal is narrow in the time
domain allowing individual reflections to
be clearly identified

In the time domain the rate of decay at
which the reflections decay provides a
measure of the reflection coefficient of the
casing / cement boundary

This can then be directly converted to a
measure of acoustic impedance

In the frequency domain the separation
between harmonic frequencies is used to
determine the thickness



Ultrasonic CBL Imaging Principles - CEREUS - (Field pata)

Energy decay of

successive back face reflections (Field data)
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A window 25% of the round-trip time is used to measure the energy in the 15t two reflections.



Case Study: Cement Bond Logging

Client: Location:
Shell R&D (Hague) Cereus Aberdeen

Dshell

Client Challenge:

A To determine the capability of the Nusonix in CBL mode to log known 4/,” casing samples, having various
induced micro-fracs and micro-annuli repairs undertaken using casing expansion processes

A Cereus Solution & Results:
A Nusonix tests were carried out on several known reference samples provided by Shell

A Run in water, the Nusonix provides high accuracy measurements of the internal casing ID and wall
thickness

A The CBL mode using the Energy Absorption Ratio provides clear evidence of the induced micro-
annulus

A The tool provides highly repeatable measures of the tubing deformation and the resulting visibility of
the restoration of a pressure seal (lateral red stripes at base and tip of the deformation)

Value to Client:
A Highly repeatable and highly sensitive detection of cement bond
A Small diameter, slickline run 360° imaging CBL and casing inspection

A Low-cost operation, small diameter and results produced on-site.

(C serevs

Key Outputs:

Sample with
induced micro
frac

Blue Bad-Bond
Red- Good bond

Nusonix CBL
mode showing
good bond at
the repair

Blue: Bad-Bond
Brown: Good bond




4 %” casing - Annular
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Expanded view of Dent @ CEREUS

Good data returns

Erroneous data due to at the dent tips

slope of expanded dent
not plotted




CEREUS
ULTRASONICS
Cereus Nusonix
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NORCE Trials - Equinor sample

During a stationary measurement as internal pressure increases, it can be
seen that the cement bond quality increases continually through the test

from O bar to 120 bar.

Equinor Dual Annulus - Wetted, internal pressure: O to 60 bar
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ULTRASONICS

NORCE Trials - Drillwell sample @ CEREUS

Example of Thickness Precision

~rven A Complex multi-artifact test sample
| - : ] A 2 different welded tubes — 4 sections

Axial holes A Axial Holes and Good Bond sections — same pipe
A Vertical flip and 90° radial shift
Bad bond
“Good ) _
hol es section
to match ‘“Good
“Free ~
_ Axial holes
section
* The “Good bond’ section has been ~ B
through pressure cycles since first
assembly into the sample assembly Good bond
section
* The ‘“Free pipe’ section has been
filled with barite and rinsed since first .

assembly into the sample assembly



Case Study: Cement Bond Log (CBL)

Client: Location:
Star Energy - UK Egmanton (UK)

Star
Energy

Client Challenge:
A To trial the Nusonix CBL as a potential tool to replace current CBL tools for their future P&A operations
within the UK

Cereus Solution & Results:

A The Nusonix Inspect was run in conjunction with an Archer radial bond tool (RBT) on electric line to
determine the integrity of the 6 5/5” casing

A The Nusonix provided high resolution internal diameter and wall thickness of the casing, indication of
slight external pitting of the casing shallow in the well (aquifer)

A Good repeatability with the RBT, however delivering a higher precision 360° image

Value to Client:
A Lower cost, higher resolution cement bond log providing a 360° image
A Identification of external pitting

A Direct high accuracy measurement of casing thickness and internal radius

(C serevs
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Cement Evaluation Trials - thick wall casing

CBL measurement

A Very good repeatability

A Variable cement bond
quality throughout

A Comparable to competitor
results

A High resolution
A Direct measurement

A Proves capability through
25mm wall

A Clear indication of
designed poor cemented
areas

16" 24f Casing

:

10-3/4" 1038 MUST Casirg

1047
—

Cereus Nusonix Yard Trial Setup - WSG Emmen

Metes
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Air hose
Top of foam tyre

Control line

Hose

Metal stand-off
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Technology roadmap CEREUS

Through-tubing CBL
Multi-casing detection

Removal of thickness artefacts from CBL/TTCBL



CThe Cereus Engine and TTCBL

Creative use of the Cereus Engine can provide various solutions,

such as to cancel out structures within a medium

Desired input
electrical signal

-

Water

Steel plate,
e.g. tubing

... and this is the start of the TTCBL technique

Water

(C serevs

Optimised received
electrical system

-



ULTRASONICS

The Cereus Engine and TTCBL @ CEREUS

. The tubing-compensated waveform passes
— ST . . P , through to the casing (no tubing back-wall
10,16, 20mm : . - reflection generated)

4

v

Back-wall reflections from casing generated and
reflected back through the tubing. Tubing
back-wall reflections generated

With the knowledge of the nominal tubing and
casing dimensions, the characteristics of the
tubing are subtracted from the received signal

The remaining signal is that of the casing - plus
some residual noise!

The thickness information can be interrogated to
determine the cement bond quality by applying
the same CBL techniques as described earlier

Transducer in /

Monostatic mode




Multi-casing detection CEREUS
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ULTRASONICS

Removal of thickness artefacts from CBL/TTCBL @ CEREUS

CBL::DECR(2, 1:'0-5)Angle

Cereus Ultrasonics plan to use the
TTCBL method as a route to
removing the industry know
problem of thickness artefacts
appearing in CBL data.

Revolution
Revolution




