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Historical Evaluation

Compressive strength has been the oil &
gas industry standard for evaluating
cement quality for many years based on
traditional CBL tools

Does cement in oil & gas wells really fall
under compression?

3 Copyright 2019 Baker Hughes Company LLC. All rights reserved. Bq ker H ughes




What Really Happens?

 Cement present in the annulus is
“CONFINED” between casing and Wellbore Pressure
formation.

 Difference in pressures inside and
outside the casing exert SHEAR forces
on the cement.

 So what should we measure to evaluate
potential SHEAR failures?
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Shear Wave Technology

Shear Wave Attenuation Measurement

* True indicator of cement integrity in
boreholes

* Wave propagation perpendicular to
movement of particle

* Responds to in-situ shear modulus of
the annular material

e Covers widest range of cements
* Only responds to SOLIDS
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The BeSt SOIUtion.tO EXOtiC Differe.ntiqting low Aco.ust.iclmpedonce
Cements Clnd SO"dS? Solids from heavy liquids - Easy?

Acoustic
Shear (S) waves will only travel through a solid - responds to Impedance
the Shear Modulus (Mrayl)
|

Compressional (P) waves will travel though any kind of
material (solid or liquid) - responds to the compressive

strength or Acoustic Impedance 12 ppg Drilling Mud
15 ppg Drilling Mud

17 ppg Drilling Mud
9 ppg Foam Class C (250 psi)

9 ppg Foam Class C (1000 psi)

13 ppg Cement (500 psi)
13 ppg Cement (2000 psi)
16.5 ppg Cement (500 psi)

16.5 ppg Cement (2000 psi)
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Case History

26" shoe
——————————————— | FCI-1.15sg (10 % solids content) |

Offshore .

18-5/8” shoe
* Plugand abandon well e
° Multiple casing ————————————————— | TOC lead cement (1.58 sq) |
* Production tUbIng ———————————————— | TOC tail cement (1.90 sg) |
13-3/8” shoe
9-5/8” Shoe
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________ | Cement bond logging |

Case History

r 26" shoe
: ——————————————— | FCl-1.15sg (10 % solids content) |
Offshore | T
| 18-5/8” shoe
. . Shal
* High solids content mud R S— S
e Possible formationeffect = =tV+ |\ ¢V [ TOC lead cement (1.58 sg) |
. . . .
Wireline Operatlons ———————————————— | TOC tail cement (1.90 sg) |
- Compressional
13-3/8” shoe
and Shear cement bond
logs
Abandonment Plug No.1
9-5/8” Shoe
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Case Well

Offshore )

Abandonment Plug No.2

* Cutandpull 13-3/8" casing ... _

T~ .

e Section mill and set
Abandonment Plug 2
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Abandonment Plug No.1

_______

———————————————— | TOC lead cement (1.58 sg) |

———————————————— | TOC tail cement (1.90 sg)

13-3/8” shoe

9-5/8” Shoe

7” Liner shoe
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casing — Compressional measurement only
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— Compressional and Shear measurements
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— Compressional and Shear measurements
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13-3/8” casing
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Shale Squeeze
section (Formation)
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summary

* Compressional wave attenuation showed minimal solids presence in the annulus

e Shear wave technology identified solids with low acoustic impedance in the annulus
* Build up of solids were graded using the Shear wave measurement

e Cut and pull decision based on the Shear wave data

* Percentage of solids correlates with the pulling force applied

* Shear attenuation showed azimuthal bond due to Shale squeeze

* No barite presence in this case
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