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Technical Status

Develop a high-resolution 3D imaging system for improved
wellbore diagnostics and integrity assessment

Extend applicability to: (1) casing-cement interface, (2)

Existing ultrasonic tools work S : _
cement-formation interface, and (3) out in the formation

well for casing inspection

(up to ~ 3 meters).

/
Well Casing

Cement Fill Performed a comprehensive literature/existing technology study
for wellbore integrity monitoring tools.

Formation i . o ]
Rock \ / L7 ) Comparison of existing techniques and the present approach
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"Q * Picture adaptedfromS.E. Gasda, Environ Geol (2004)46: 707-720
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Technical Status

The Proposed Approach:
Novel technique that fills this technology gap.

1. Collimated beam for increased resolution 2. Low frequency for deeper penetration
: n
Attenuation ~ f
f = frequency, n =1-2
Low frequency
| deep penetration )
| , =)
_ y
Conventional low Collimated High frequencin/
frequency transduce beam ,
beam profile limited penetratio + DR <=
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Technical Status

Multi-lab project

Inter-lab collaboration and teaming
arrangements/partnerships

Develop acoustic source, imaging system, and image processing.

Investigate acoustic metrics for foamed cements. Incorporate new
metrics for wellbores in the field.

OAK . : .
rRipce *  Explore differentimage processing approaches.

F lﬁaédt' « Perform experiments in more realistic boreholes. Incorporate data
from realistic borehole and compare resolution with lab

experiments.




Technical Status

Advanced image processing techniques:
(1) LANL's Elastic-Waveform Inversion,

(2) LANL's Least-Squares Reverse-Time Migration techniques,
(3) ORNL's model-based iterative reconstruction (MBIR).
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Accomplishments

Generate collimated beam by exciting radial modes of piezoelectric disk
Clamp disk edges to focus energy into collimated beam
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Rev. Sci. Instrum., vol. 91, (2020), 075115.
Smart Mater. Struct., 2020, vol. 29, 085002
Ultrasonics, 2019,vol. 96, no. 7, pp. 140-148
AIP Conf. Proc., 2019, vol. 2102, pp. 040013
Appl. Phys. Lett., 2018, v. 113, issue 7, p. 071903
Wave Motion, 2018, vol. 76, p. 19-27

Appl. Phys. Lett., 2017, v. 110, issue 6, p. 064101
Proceedings of SPIE, 2017, v. 10170, p. 1017024
POMA, vol. 32(1), (2017), pp. 045013
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Traditional acoustic
source
“piston mode”
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Accomplishments

Traditional acoustic Collimated beam Collimated beam
source (unclamped) (clamped)
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Collimated beam provides:
* Reductionin beam width — higher image resolution, more control over directivity
* Increasedbeam length — longer detection/communication range
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Accomplishments

Elastic Properties of Foamed Cement

Ultrasonic testing of Foamed Cement

cylinder specimens with size
approximately 25 mm (diameter) x

110 mm.

Equivalent Age was calculated using

the Arrhenius equation with an
Activation Energy of 35,418 J/mol.

Case (Foam Quality)
P-Wave Velocity* (M/s)
Mass Density* (k9/,,,3)

Poisson’s Ratio”

Young’s Modulus (GPa)

LANL got similar values for v,. Measured vs.
Poisson ratio was determined to be ~0.25,
using measurements of both longitudinal
and shear propagation modes.

Large change in elastic moduli with air

content — significant softening
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Accomplishments

Tool improvement:

- Increased efficiency by ~2 orders of magnitude
* Previous source based on nonlinear mixing (~0.1% efficiency)
* New source based on clamped radial modes

- Increaseddata collection speed by ~2 orders of magnitude
« Shaped waveform with large bandwidth

- NI multi-channel digitizer
(leveraging on a high-explosive project)

- Ruggedized tool
» Stainless steel and ceramic parts for sensor packaging and cables

Rev. Sci. Instrum., 2020, vol. 91, 075115

i‘
‘;9 2019 |EEE 1US, Glasgow, UK, 2019, pp. 1663-1665
2019 IEEE 1US, Glasgow, UK, 2019, pp. 1666-1669



Accomplishments

Imaging systemina 4”
wellbore

Drawing of front face of
clamped transducer
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Accomplishments

LANL'’s imaging approach — based on Least-square reverse-time migration
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Appl. Phys. Lett., 2018,v. 113, issue 7, p. 071903



Accomplishments

ORNL's imaging approach — based on MBIR (Model-Based Image Reconstruction)

Comparison Between Synthetic and Real Data Reconstructions
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Accomplishments
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Accomplishments
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Accomplishments

« Mancos shale samples for lab-scale testing Mancos Shale cores - CT scans

« 18 DIAx6”ID X 36” tall
« 450D x4.0" ID casing
* Grouted with neat and “foam” cement

» Drilled test borehole at New Mexico Tech
— Blue Canyon Dome in Socorro, NM
— 27 core to 30’
— 6.0” borehole to 30’
— 4.5" 0D X 4.0” ID casing to 30’
— Data collection/analysis pending

18
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Accomplishments

"' 2018RED100 FINALIST Publications
ACCObeam: 1. Rev. Sci. Instrum., 2020, vol. 91, 075115
;;‘,535‘;?n‘j;efsﬂ'm‘”;’};gu?;fwfgd,mmm’mm 2. Smart Mater. Struct., 2020, vol. 29, 085002
ChtaPan 3. Ultrasonics, 2019,vol. 96, no. 7, pp. 140-148
' . ey 4. 2019 IEEE IUS, Glasgow, UK, 2019, pp. 1663-1665
¥ ' 5. 2019 [EEE IUS, Glasgow, UK, 2019, pp. 1666-1669
o 6. AIP Conf. Proc., 2019, vol. 2102, pp. 040013
o Lo fraquaecy e o 7. Appl. Phys. Lett., 2018, v. 113, issue 7, p. 071903
e 8. Wave Motion, 2018, vol. 76, p. 19-27
e 9. 52nd U.S. Rock Mech/Geomech Symp, 2018, ARMA
sl 10. Appl. Phys. Lett., 2017, v. 110, issue 6, p. 064101
i 11. Proc of Meet on Acoustics, vol. 32(1), (2017), pp. 045013
12. Proceedings of SPIE, 2017, v. 10170, p. 101702
ﬁ’sAuamos few more papers submitted
Conferences
* 2019 IEEE International Ultrasonics Symposium (IUS)
ACCObeam . » * 52nd U.S. Rock Mechanics/Geomechanics Symposium,
Acoustic 2018
Collimated ‘ * Sixth International Congress on Ultrasonics, 2017
Beam P
: + 1 patent application (Resonance-based Nonlinear Source)
4 + 1 patent application (Bessel-like Acoustic Source)

* 1 provisional patent (Imaging Technique with Low-
frequency Beam)

P> Pl o) 0:00/435


http://www.youtube.com/watch?v=qzaPYDWXLbE

Appendix

— These slides will not be discussed during the presentation, but
are mandatory.



Benefits to Program

* Program goals being addressed:

— Develop and validate technologies to ensure 99 percent
storage permanence.

— Develop technologies to improve reservoir storage efficiency
while ensuring containment effectiveness.

Project benefits statement:

The research project is developing a Borehole Integrity
Monitoring System to reduce the risk of release of CO, around
the well casing and cement. The technology, when successfully
demonstrated, will provide an improvement over current
wellbore diagnostics and integrity assessment techniques. This
technology contributes to the Carbon Storage Program’s effort
of improving reservolr storage efficiency while ensuring

_, containment etfectiveness.

<



Project Overview
Goals and Objectives

* Project goals and objectives in the Statement of Project Objectives.

— The main objective of this project was to develop a high-resolution
3D imaging system for improved wellbore diagnostics and integrity
assessment, with the ultimate goal to develop a commercially

deployable technology.

— Wellbore integrity monitoring and characterization of the near
wellbore environment are in need of novel technologies for better,
faster and safer characterization methods. Some of the goals of
these methods are: (1) improved resolution, (2) extended
characterization range, and (3) in-situ/real-time monitoring. We
worked in parallel to address all these three requirements, such that
we can provide a more complete solution for wellbore diagnostics

‘@nd integrity assessment.



Project Overview
Goals and Objectives

* Project goals and objectives in the Statement of Project
Objectives.

— How the project goals and objectives relate to the program
goals and objectives:

* We looked into providing a complete solution for wellbore
diagnostics and integrity assessment. As mentioned on a previous
slide, this technology contributes to the Carbon Storage Program’s

effort of improving reservoir storage efficiency while ensuring
containment effectiveness.



Project Overview
Goals and Objectives

* Project goals and objectives in the Statement of Project Objectives.

— Identify the success criteria for determining if a goal or objective

has been met:

Identified and assessed existing commercial technology.
Determined resolution for channeling outside casing.

Performed successful tests on wellbores with foamed cements, with
similar resolution as for neat cements.

Ruggedized tool for work in adverse conditions.

Demonstrated progress toward experimental technique and image
processing refinement.

Improved detection range through foamed cements (these are more
attenuating than neat cements).

Final success metrics: Prototype in field functionality similar to the
one observed in tests in the laboratory.



Organization Chart

* Describe project team, organization, and participants.

— LANL: Develop acoustic source, imaging system, and image
processing.

— NETL: Investigate acoustic metrics for foamed cements.
Incorporate new metrics for wellbores in the field.

— ORNL: Explore different image processing approaches.

— SNL: Perform experiments in more realistic boreholes.
Incorporate data from realistic borehole and compare
resolution with lab experiments.



Gantt Chart

Task

Year 1

Year 2

Year 3

Q1

Q2

Q3| 04

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Phase 1 - Feasibility study

Task 1 — Investigation of existing technology

M2

Task 2 — Define metrics

M1

J

Task 3 — Industry partners/technology maturation
plan

GoNoGol,|

Phase 2 - Evaluate method on more complex wellbore
environments

Task 1 - Channeling outside casing

M3

Task 2 - Hardware/software refinement

Task 3 - Speed-up measurement & analysis =

Task 4 - Method testing on more complex wellbore
environments

M4

Task 5 - Foamed cements manufacturing

Task 6 - CT of foamed cements

=
Task 7 - Acoustics metrics of foamed cements ¢’

Task 8 - Tests on simulated wellbores with foamed
cements

M4

GoNoGo2|

Phase 3 - Extend method beyond wellbore

Task 1 - Acoustic source improvement

M5

=
Task 2 - Receivers enhancement

=~ )
Task 3 - Ruggedized tool

M7

Task 4 - Image processing refinement )]

Mée

Task 5 - Technique refinement Yl

M8

Task 6 - Enhance capabilities for foamed cements

GoNoGo3

‘)

GoNoGo4| &

Phase 4 - Technology Development and Verification

Task 1 - Prototype development

M9

Task 2 - Prototype verification at lab scale Jndin
field =

M11

Task 3 - Hardware/software enhancement and¢
refinement

M10

K

Go/No-Go1l (end Q2Y1)

Tabulate commercial 3D imaging techniques for borehole
integrity

- no commercial technologies for high-res 3D imaging
technology with similar depth of penetration (~3 m) and
resolution (< 5 mm)

Go/NoGo2 (end Y1)

Detect defects at the cement-formation interface, with
high resolution- defects detection at the cement-formation
interface with a resolution of at least 5 mm

Go/No-Go3 (end Y2)

Tool survival in adverse conditions of corrosiveness, high
temperature and high pressure (brines, 250°C, 45 kpsi)

- imaging system can survive in adverse conditions of
temperature, pressure and corrosiveness

Go/No-Go4 (end Y2)

Imaging capabilities out in the formation, up to 3 meters

- defects/features (up to ~ 3m) can be resolved in the
received signal
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