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Project Background

Problem:
« Well cement integrity shortfalls and catastrophic failure pose risks to human and environmental health.

» The quality and condition of well cement impact the economic costs of production due to insufficient zonal
isolation and production control.

» Increased knowledge of cement placement, integrity, and mechanical stress will help to better guide well
construction and operation.

The smart cement will improve measurements of hydraulic containment, casing stress state, and cement
condition.

It can also inform well design and operation through increased understanding of geomechanical effects.

Overall, the project will promote human health and environmental safety as well as more efficient production.
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Acoustic Smart Cement

 Well cement integrity
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Acoustic Smart Cement

« Cement filler design
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Technical Status

« Cement filler production
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Technical Status

e Laboratory Testing

transmission (dB)

transmission difference (dB)

20% Scanite

10000 20000 30000 40000

frequency (Hz)

e JOON s 400N e GO0N e BOON e 1 000N

— 12000

1400N - 1600N

difference

frequency (Hz)

—— 200N —— 400N ——600N

1200M 14000 1600N

band gap (12kHz) load dependence

control
20
-30 q 10000 20000 = 50000
g a0 | A A 7l
Y NS \
E 50 f' / [ N ’\J - :f( LN
g -e0 v'i-" d ‘f" A
c \
E .80 e
e L]
90
100
frequency (Hz)
—J00N = 400N BOON = BOON 1000N
12000 1400N 1600N 1800N 2000N
difference
50
e 30 b
@ § \ "
s @ LA at } ',' %
= ) \ y F
T w0 F-1 A A 1 &
s - /
g a v
E 108 20000 30000 40000 50000
20
frequency (Hz)
—— 200N —— 400N ——G00N ——B800N —— 1000N
1600M 1800MN
30

(@

oceanit.

a0

1800N 2000M

18000
800N —— 1000N
1800N 2000M

50000

20000



Technical Status

e Laboratory Testing
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* Pilot field testing

Technical Status
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Technical Status

control cement acoustic smart cement control cement acoustic smart cement
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Technical Status

e Phase | results
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Technical Status

control cement

e Phase | results -
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Technical Status

control cement acoustic smart cement
unloaded loaded unloaded loaded

. P | I aS e I re S u I tS r Receiver Waveform - Spectrir Receiver Waveform - Spectrur Receiver Waveform - Spectrur Receiver Waveform - Spectry
B N N

0 0.05 0 0.05 0 0.05 0

35
acoustic smart cement
unloaded loaded
Depth Velocity Analysis Velocity Analysis
1ft: 50ft B[ g
L = usft  6071.62 0 usift  6071.62
35 | P :
| B R
| — ‘- P < i 3
Fod 3 = ,
| ¢ - i
’ | ey f L=
i g - _',‘" - I i --
: ¥ S 3 !
| r LI L ‘2 o= f i 1 g
| f‘ - ? ! =
# L3 ? ] 1y
: s \ -
L s ~ s t.{ <2
- " I \ 3
- ! '
N F'a _ ' - B
} _: L& ‘-_ H ] % y ¥
] Roe . & 3 PO, R }1_
i . P } .-
A : » S
P o F:3eq 8y § %
bix 3 i
l ‘ : : : ‘
3 4 s 3 - 3 -
i b9 (' E+.-% - S 5 X
{ & .- <=1 4 3
i _‘T ; LA i i __3 F
RO Wi 057
20’ H [ “

oceanit.



Technical Status

control cement acoustic smart cement
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Technical Status

e Phase | results

control cement acoustic smart cement processed comparison (close-up)

acoustic response

le7 le7
1.0
0.9 4
0.9 1 01
0.8
0.8
0.7 - —-10 4
R 3
c 0.7 c
0.6 2 g
8 201
0.5 - g 0.67 u
’ i ]
3 3
0.4 g 0.54 2 =301
0.3 0.4 -
_40 -
0.2 4 0.3 4
011 . . . . . . . . . . . . . 501 . . ; - .
0 10 15 20 25 30 35 0 10 15 20 25 30 35 20 22 24 26 28 30
distance (ft) distance (ft) distance (ft)

©
oceanit.




e Phase | results

Technical Status
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Accomplishments to Date

Simulation and design of acoustic metamaterial filler for cement

Laboratory scale production of acoustic metamaterial filler.

Physical and acoustic characterization of acoustic metamaterial filler in cement composites.
Sub-scale testing of cement-steel composites and annular pipe constructs.

Pilot scale construction and installation of shallow buried 40’ pipe constructs with control and
experimental foam cement.

Acoustic interrogation of annular pipe constructs with monopole full waveform sonic logging tool.
Acoustic mapping of cement construct with engineered voids and applied mechanical stress.
Development of data analysis technigues for determining cement location and mechanical loading.
Scale-up of acoustic metamaterial filler particles for field deployment.
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Project Summary

o Key findings
» Oceanit acoustic smart cement provides improved cement-void contrast and stress detection.
» Acoustic band gap effect and load dependence were demonstrated in lab, subscale, and pilot field studies.
» The smart cement has potential to enhance well integrity diagnostics and design and provide insight into subsurface mechanics.

* Lessons learned
» Balancing of acoustic and mechanical performance of smart cement compositions
» Formulation changes required for scaled-up and economically viable production
» Importance of matching material acoustic response to tool capabilities for particular applications

* Next steps
» Continued production process scale-up
» Cement API characterization
e Material and detector optimization
» Partnerships and field trials

oceanit.



	Acoustic Smart Cement for Well Integrity Diagnostics�SC0018836
	Presentation Outline
	Project Background
	Acoustic Smart Cement
	Acoustic Smart Cement
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Technical Status
	Accomplishments to Date
	Project Summary

