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ALEBATION OF CASED-HOLE ACOUSTIC TOOLS

BACKGROUND

HEUY The spectfication relates to a test fixture for validating an acoustic
bond-log tool.  Cement and casing operations coraprise an intogral part of well
construction. Cement is placed downhole to support and protect the casing string, and
to provide etfective zonal isolation during the entire life of the well, thus, supplying a
mechanical barricade that isolates the different zones in the well, If zonal isolation is
not ensured, many issues can arise including sustainable casing pressure, flows
between reservoirs, undesirable flow behind a casing, ete. These issues may lead not
only to severe operational difficulties but also to the loss of the well. Cased-hole
ultrasonic (acoustic bond-log) tools play a key role in determining whether well repair
and the cconomic cost associated with it is necessary or not.  Atterapting to validate
and/or calibrate an acoustic bond-log tool using an actual well is difficult and
generally cost-prohibitive or not possible, in addition to the fact that the validation
and/or calibration points arc limited to the cement system(s} in that actual wellbore.
Theretfore, certainty of accuracy and an overall efficiency of leveraging acoustic
bond-log tools for cement testing s reduced.

DESCRIPTION OF DRAWINGS
G002} FIG. 1 is perspective cut-away view of an example test fixture for
validating an acoustic bond-log tool according to an implementation.
[0003] FIG. 2 is a perspective view of the testing portion of the test fixbure of
FIG. 1 according to an implementation.
{06004} FIG. 3A is a perspective view of the testing portion of FIG. 2 with the
outer tubing removed according to an implementation.
[0005] FIG. 3B 15 a perspective view of a hardened coment sample from a test
fixture individual sample section according to an implementation.
[0006] FIG 4 illustrates samples of cement having different acoustic
tmpedances within fixture sample sections according to an implementation.
100071 FIG. 5 is flow chart illustrating a method for validating an acoustic
bond-log tool according to an implementation.
HEUES Like reference numbers and designations in the various drawings

indicate like elements.
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DETAILED DESCRIPTION

[B009] The specification relates to a test fixture for validating an acoustic
bond-log tool. The details of one or more implementations of the subject matter of
this specification are set forth in the accompanying drawings and the description
below.  Other features, aspects, and advantages of the subject matter will become
apparent from the description, the drawings, and the claims.

{00 18] Cement and casing operations comprises an integral part of well
construction as cement supports and protect the casing string, and provides effective
tong term zonal isolation supplying a mechanical barricade that isolates the difterent
formations in the wellbore, Cased-hole ulirasonic (acoustic bond-log) tools (ABTs)
play a key role in cement evaluation. Therefore, there is a great need for developing
an optimum validation system for the ABTs employed during casing and cement
evaluation i wells.

0011} The test fixtire can emulate casing-in-hole or casing-in-casing well
configurations and includes a wide range of cement-based or other media with
different acoustic propertics. In addition, the performance of the ABT under the
presence of water, various rouds, drilling, and/or displacement fluids can also be
studied, Different temperature and pressure conditions can also be emulated within
the text fixture. Many factors can affect the values/accuracy of ABTs, including
factors associated with running the ABT, factors controlled during cementing
operations, or factors intrinsic to a wellbore or formation. The described test fixture
and method can evaluate the performance of ABTs with g variety of factors that can
be introduced o emulated well configurations. For example, the test fixture and
method can be used fo evaluate ABT accuracy at identifving factors such as
microannulus, eccentralization, logging tool centralization, light weight and foam
cements, cement setting time, fast formations, and/or other factors.

[0012] The test fixture and method will also allow for determining the
operational performance, accuracy, and reliability of ABTs by subjecting them to a
wide range of casing sizes. Moreover, the accuracy of the ABTs at detecting newly
emerging zonal isolation materials, such as various resins, can also be determined.
The test fixture and method can also be used to develop new algorithms for acoustic

logging data interpretation.
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[0013] FIG. 1 is perspective cut-away view of 100 an example test fixture 102
tor validating an ABT according to an implementation. The test fixture is made up of
two primary sections: 1) a tool guide 104a and 2} a testing portion 104b. The tool

uide 104a is used to guide the ABT 106 within a wellbore casing emulating tubing

108 contigured with an internal bond-log tool receiving bore 110, The testing portion
104b is used for validating an ABT. Although the test fixture 102 is illustrated as
configured with 3 wheeled mounting base 112, in other implementations, the test
fixture 102 can be mounted to a non-moveable base or other support structure.

[0014] In some implementations, the internal bond -log tool receiving bore
110 has a uniform internal diameter in the axial divection allowmg for differently
sized ABTs fo be evaluated while holding the internal bond-log tool receiving bore
110 internal diameter constant. In other implementations, the imternal bond-log tool
receiving bore 110 can have a varying imternal diameter. For example, the internal
diamcter can taper from fop to bottom or vary in some non-uniform graduation i the
axial direction.

[B015] The exterior surface of the wellbore casing emulating tubing 108 is
configured with an axially-stepped outer surface enwilating different wellbore casing
sidewsll thicknesses. In some implementations, the axially-stepped outer surface can
aniformly step in imcreasing/decreasing thickness traveling axially upward or
downwards along the wellbore casing emulating tubing 108, In  other
implementations, the steps can vary in a non-uniform graduation in an axial direction.
In some implementations, the wellbore casing emulating tubing 10¥ can radially be of
a uniform thickness.

{0016] In some implernentations, the wellbore casing emulating tubing 108 is
configured to accept a wellbore tubing upper ond module 114 that seals the internal
bond-log tool receiving bore 110. In some implementations, the seal provided by the
wellbore tubing upper end module 114 is bermetic. The wellbore tubing upper end
module 114 is contigured with a hole {0 permit a shaft 116 attached to the ABT 106 1o
be inserted into the internal bond-log tool receiving bore 110, The hole is configured
with a sealing material to provide a seal around the shatt 116 in order to preserve the
internal bond-log tool receiving bore 110 seal provided by the wellbore tubing upper

end module 114,
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[0017] In some implementations, the lower end of the wellbore casing
emulating tubing 108 is sealed. For example the fower end can have been machined
with a closed end or can be closed by attachment to another surface, such as the upper
surface of the wheeled mounting base 112 or other base/support. Attachment can be,
for example, by fasteners, welding, adhesives, and/or other aitachments and can
provide a hermetic seal.

{00 18] The testing portion 104b is configured with an upper cnd module 118
coupled to an outer tubing 120. The outer tubing 120 emulates a well formation and
forms a perimeter of an annvhus surrounding the wellbore casing emulating tubing
108, In some implementations, the upper end module 118 can be attached to the outer
tubing 120 using a fastener 119, Although fastener 119 is illustrated as a bolt,
fasteners can include screws, clamps, latches, adhesives, and/or other fasieners
permitiing the removal of the upper end module 118 from the outer tubing 120, Tn
some implementations, the upper end module 118 and the outer twbing 120 can be
welded together. In these implementations, the upper end module 118 can be
configured with one or more sealable holes to allow cement to be poured into the
testing portion 104b, In some implementations, the sealable holes can be sealed with
a fastener 119, such as a scrow or a bolt, In some implementations, the lower surface
of the upper end moduie 118 and/or the upper edge surface of the outer tubimg 120
can provide a seal when the two surfaces are coupled. In some implementations, the
provided seal can be hermetic. In some imiplernentations, the outer tubing 120 can be
made out of other materials with different properties and different thicknesses to
emulate different formations.

(6019 In some implementations, the upper end module TS surrounds an
upper portion 121 of the wellbore casing enulating tubing 108 protruding above the
apper surface of the upper end module 118, In other implementations, the upper
surface of the wellbore tubing upper end module 114 can be {flush or depressed in
relation to the upper surface of the upper end module 118, In some implementations,
the inner surface of the upper end module 118 and/or the outer surface of the upper
portion 121 of the wellbore casing emulating tubing 108/wellbore tubing upper end
madule 114 can provide a seal when adjacently situated. In some troplernentations,

the provided seal can be hermetic.
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16020} In some implementations, the lower end of the outer tubing 108 is
sealed. For example the lower end of the outer tubing 108 can have been machined
with a closed end or the lower end can be hermetically sealed by attachment to
another surface, such as the upper surtace of the wheeled mounting base 112 or other
base/support.

[B021] In some implementations, the upper end module 118 can be configured
with one or more ports {not illustrated) providing access through the upper end
module 118 and into the annular space created between the outer tubing 120 and the
wellbore casing emulating tubing 108, In some implementations, the upper surface of
the wellbore tubing upper end module 114 can be configured with one or more poris
(not illusirated) providing access to the wellbore tubing. In some implementations, a
port can be coupled to a pump {(not illustrated) capable of producing wellbore
pressures within a hermetically scaled annular space and/or to the wellbore casing
enmifating tubing.

0022} in some implementations, the testing portion 104b can be configured
with one or more heaters (not lhustrated). The one or more heaters are capable of
heating the annular space to wellbore-level fomperatures.

[6023] FIG. 2 15 a perspective view 200 of the testing portion 104b of tost
fixture 102 of FIG. 1 without an upper end module 118 according to an
implementation. In some implementations, one or more dividing structures 2{2a..n
are coupled fo the outer surface of the wellbore casing enwilating tubing 108 and to
the inner surtace of the outer tubing 120 in the axial direction to radially subdivide the
annular space 204 into a plurality of sample sections 206a..n. For example, metallic
plates can be welded to the outer surface of the wellbore casing emulating tubing 108
and to the inner surface of the outer tubing 120. Each sample section 206 can be used
to place coment, cement-based, resin and/or other materials into the testing portion
104b of the test fixture 102, In some tmplementations, each dividing structure 202
provides a hermetic seal along the wellbore casing enulating tubing 108 and the inner
surface of the outer tubing 120. In some implementations, the coupling of the bottom
surface of the upper end module 118 to the upper edges of the outer tubing 120 and
the upper edges of the one or more dividing structures 202a...1n hermetically seals each

individual sample section 206.

(v
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[0024] In some implementations, the previously described pump (not
tHustrated) is capable of producing individually configurable wellbore pressures
within cach hermetically sealed sample section 206. In some implementations, the
previously described one or more heaters (not illustrated) are capable of heating each
hermetically sealed sample section 206 to an individually configurable wellbore-level
femperature.

[B025] In some implementations, the upper end module 118 of FIGH
comprises one or more sensors {not illustrated) to monitor conditions within each
sample section 206 and/or one or more characlenistics of the cement within ecach
sanple section 206, In some mplomentations, the outer tubing 120 and/or the
internal bond-log tool receiving bore 110 can alse be configured with sensors.
Sensors can be, for example, for temperatare, pressure, strain, and/or other data.

[B026] FIG. 34 is a perspective view 300a of the testing portion 104b with the
cuter tubing 120 removed according to an implementation. One or more dividing
structures 202a...n are illustrated coupled to the outer surface of the wellbore casing
emulating tubing 108 in the axial direction to radially subdivide the previously
described anmular space 204 into a plurality of sample sections 206a..n. The outer
radial edges 302a...n of the one or more dividing structures 202a...n are coupled to the
inner surface of the outer tubing 120, The upper edges 304a..n of each dividing
structure 202a..n couple with the bottom surface of the upper end module 18.

{0027] In some implomentations, radial step dimensions of the axially-stepped
cuter surtace of the wellbore casing emulating tubing 108 can vary for each sampie
section. For example, in a sample section 2064, the axially-stepped outer surface can
uniformly step in increasing thickness traveling axially downwards along the wellbore
casing emulating tubing 108, In an adjacent sample section 206b, the axially-stepped
outer surface can uniformly step in decreasing thickness traveling axially downwards
along the wellbore casing emulating tubing 108, In some implementations, the
wellhore casing emulating tubing 108 can radially be of a uniform thickness within an
individual sample section 206.

0028} FIG. 3B is a perspective view 300b of a hardened cement sample 306
from an individual test fixture sample section 206 according to an implementation,
The illusirated hardened cement sample 306 has adopted a shape conforming to the

dimensions of an individual sample section 206, For example, the inner surface 308

6



WO 2015/072976 PCT/US2013/069719

of the hardened cement sample 306 is shaped to conform to the axially-stepped outer
surface of the wellbore casing emulating tubing 108 as illustrated in FIG. 3A (e,
thicker at the top and thinner at the bottom). Likewise, the side, bottom, top, and rear
surfaces, 310, 312, 314, and 316, respectively, of the hardened cement sample are
consistent with the surfaces they rested against while hardening {¢.g., here smooth,
flat, and/or curved surfaces). Other surfaces, finishes, textures, and/or shapes, eic. for
various components of the test fixture are considered to be within the scope of the
disclosure.  For example, the inner surface of the outer tubing 120 can be
manufactured with a specified roughness to emulate a rough well formation. This
roughness would affect the texture of the rear surface 316 of the hardened cement
sample 306.

16029] Moreover, cement bonds fo the inner surface of the outer tubing 120
and the outer surface of the wellbore casing emulating tubing 108 which enulates
casing and comenting operations in well applications. The bonding allows for
optintum evaluation of multiple ABTs 106 under a wide range of media conformed by
the different cement and casing systems.

{00361 FiG 4 15 an illustration 400 of samples of cement or other materials
having different acoustic impedances within fest fixture sample sections 206a..n
according to an implementation. In some implementations, each sample section
206a..n comprises a different sample of cement and/or other material {(e.g., resins,
wafer, brine, drilling fluids, and/or other materials) fornwulated or used to produce a
specified range of acoustic impedances. For cxample, the sample section 206a
contains water with a known acoustic impedance of 1.6 MRayls, sample section 206b
contains a 7 ppg (pounds per gallom) density resin with a known acoustic impedance
of 2.35 MRayls, and sample section 206¢ contains a 14 ppg density cement at 4.7
MRayls. The different sample sections 206 allow the ABT 106 under test to be
validated and/or calibrated against multiple materials of known densities and acoustic
impedances.  In some impleroentations the ABT 106 can mcasure the acoustic
impedances of the different materials simultaneously.  As acoustic impedance of a
material is directly proportional to its density, the test fixture 102 allows an ABT 106
to be stmultancously validated and/or calibrated against a wide range of cement or

other material densities/impedances encountered in well ficlds.
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0031} In some implementations, each sample section 206 must be
acoustically uniform and stable, meaning, no major variation from top to bottom
within the same sample of cement or other material. Likewise, no substantial deusity
variations are acceptable within the same sample section 206,

{06032} FIG. 5 is a flow chart illustrating a method 500 for validating an
acoustic bond-log tool according to an implementation. For clarity of presentation, the
description that follows generally describes method 500 in the context of FIGS. 1.2,
3A and 3B, and 4. In some implementations, various steps of method 500 can be run
in parallel, in combination, in loops, or in any order.

10033] At 502, acoustic impedance requirements are defined for cerent to use
for validating and/or calibrating an acoustic bond-log tool (ABT). From 502, method
500 proceeds to 504,

{0034} At 504, a relationship between acoustic and physical properties of a
cement {¢.g., acoustic impedance and density) is determined. Cement slurry density
has been historically emploved as one of the criteria used to classify well cements
hased upon cement application and/or an application environment {o which the
cement will be exposed (e.g. high-density shurries are employed for high strength
requirements). Furthermore, velocity of sound wave propagation in cement depends
on the density and elastic propertics of the cement. This is retlected in the correlation

shown below:

e

I”g
% | %4 |

i e,

{6035} Where V¢ s the velocity of the compressional or longitudinal wave; &
is the Young's modulus of the material or medium, and p is the density of the
medium.  Moreover, an acoustic variable can be defined as a material property
(acoustic impedance “Z” defined as the product of density of the material and its
compressional velocity):

Z=Vep
10036] Multiple samples of cement representative of a broad range of cement
sharry densities are evaluated in order to determine their acoustic impedance and

establishing a correlation between the two variables. Here, only the material density
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is taken into disregarding all other characteristics (e.g., the influence of using different
additives, water {o cement ratio, and many other factors that may affect cement’s
properties). An approximately linear relationship oxists between density and acoustic
impedance, which facilitates the design of cement-based systems with specific
acoustic properties. This allows for tailoring slurry designs to meet a specific acoustic
impedance requitement. A calealation of acoustic impedance is performed for each
cement sample. From 504, method 500 proceeds to 506,

IBB37] At 506, cement designs are tailored based on results from 504, From
506, method 500 proceeds to SO8.

10038] At 508, homogeneity and stability of the tailored cement designs are
determuned. It is necessary to establish other parameters potential coment designs
must fulfili in order to be considered a valid coment design for evaluation of the ABT.
In some implementations, two main parameters are considered when designing
validation cement shurries: 1} homogeneity/uniformity and 2} stability,

Homogeneity/uniformity relates to the cement not segregating, settling, or possessin

it}

density variation among ditfercnt sections of the cement {e.g., within a sample
section}). Stability relates to the coment’s properties remaining consistent over tire
for testing purposes. An additional parameter that can be considered is mixability —
indicating the flowability of the cement. From 508, method 500 proceeds to 510

{8038} At 510, a determination is made as to whether the tailored cement
designs meet necessary acoustic irapedance requirements. 1f, at 310, a determination
is made that the tatlored coment designs meet necessary acoustic impedance
requirements, method 500 proceeds to 514, If, at 10, a determination is made that
the tatlored coment designs do not meet necessary acoustic tmpedance requirements,
method 500 proceeds to 512 where coment designs are adjusted.

{6040} At 514, physical and acoustic properties of the tailored cement designs
are monitored. Typically, additional studies must be performed to determine the
effect of other varnables {e.g., time and degree of hydration) on both density and
compressional velocity, and hence, acoustic impedance. While the density of cement
based materials typically becomes stable after setting, the compressional velocity may
continue to gradually change with further hydration of the cement, which can last for
years in some instances, Therefore, the compressional velocity and density are

monitored during extended periods of time in order to determine their effects on the

9
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acoustic impedance of the tailored cement. Taking these monitoring results into
consideration, the tailored coment designs are further tatlored. From 514, method 500
proceeds to S16.

{6041 At 516, a determination is made as to whether the tailored coment
designs still meet necessary acoustic impedance requirements.  If, at 516, a
determination is made that the tailored cement designs still meet necessary acoustic
impedance requirements, method 500 proceeds to 518, If] at 516, a determination is
made that the tailored cement designs still do not meet necessary acoustic impedance
requirements, method 500 proceeds to S12 where cement designs are adjusted.

10042} At 518, different samples of cement having a range of known acoustic
impedances are deposited into g test fixture for validating the ABT. In some
implementations, other materials, such as water, resin, and the like can be deposited
juto the test fixture to provide known data pointgs. From S18, method 500 proceeds to
520.

[0043] At 520, an acoustic impedance of each of the different samples of
cement i3 measured with the ABT. In some implementations, each sample of cement
can be placed under different pressure and fomperature conditions similar to well-bore
conditions. From 520, method 500 proceeds to 522.

[6044] At 522, the known acoustic impedance of cach sample of cement is
compared with the measured acoustic impedance in order to validate and/or calibrate
the ABT. Afier 522, method 500 stops.

[B045] The foregoing description is provided in the context of one or more
particular implementations.  Various modifications, alterations, and permutations of
the disclosed iplementations can be made.  Thus, the present disclosure is not
intended to be limited only to the deseribed and/or tllustrated implementations, but is
to be accorded the widest scope consistent with the principles and features disclosed

herein.

16
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What 1s claimed is:
CLADMS
i A method for validating an acoustic bond-log tool, comprising:
having a test fixture, comprising:
a wellbore casing emulating tubing with a bond-log tool receiving
bore;
an outer tubing forming a perimeter of an annublus surrounding the
wellbore casing emulating tubing and emudating a well formation; and
a dividing structure coupled in the axial direction to the outer surface
of the welibore casing emulating tubing and to the inner surface of the outer tubing to
radially subdivide the annulus into a plurality of sample sections, each sample section
containing a sample of a material having a known acoustic impedance; and
validating the acoustic bond-log tool by comparing a bond-log tool
measurement of the acoustic impedance of each sample in a particular sample section

to the known acoustic impedance of the sample.

2. The method of claim 1, further comprising coupling an upper end module to
the upper edges of the plurality of sample sections, wherein the upper end module
surrounds the wellbore casing emulating tubing to hermetically seal each sample

section.

3. The method of claim 2, wherein the upper end module comprises one or more

SCRSOTS.

4. The method of claim 2, further comprising:

configuring a port to provide access to a sealed sample section;

coupling a pump to the port, the pump capable of producing wellbore
pressures within the sealed sample section; and

associating a heater with the fixture, the heater capable of heating the sealed

sanmple section.

11
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5. The method of claim 2, turther comprising:

coupling a wellbore tubing upper end module to upper edges of the wellbore
casing emulating tubing to seal the wellbore casing eroulating tubing;

configuring a port to provide access to the secaled welibore casing enwlating
tubing; and
coupling a pump to the port, the pump capable of producing wellbore

pressures within the sealed wellbore casing emulating tubing.

6. The method of claim 4, wherein the purnp and heater can produce a pressure
and temperature for the sealed sample section independently of a pressure and

temperature associated with another sealed sample section.

7. The method of claim 1, wherein each sample section comprises a different
sample of a material formulated to produce a specified range of acoustic impedances,

the material in each sample section having a different acoustic impedance.

8. The method of claim 1, wherein the material formulated to produce a specified
range of acoustic impedances inchudes at least one of resin, water, brine, or drilling

fluid.

9. The method of claim 1, further comprising configuring the wellbore casing
emulating tubing with a stepped outer surface to emulate different wellbore casing

sidewall thicknesses.

1a The method of claim 9, wherein the dimensions of the stepped outer surface of

the wellbore casing enuilating tubing can vary for cach sample section,

Ii The method of claim 1, wherein one or more of the sample sections comprises
& Sensor.
1Z. The method of claim 1, further comprising configuring the bond-log tool

receiving bore to be hermetically sealed.
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13, An acoustic bond-log tool validation method, comprising:

having a plurality of sample sections surrounding a wellbore casing emulating
tubing, the plurality of sample sections forming a radially divided annulus around the
wellbore casing emulating tubing, each of the plurality of sample sections holding a
different sample of a material formulated to produce a specified range of acoustic
impedances;

measuring, within cach sample section, an acoustic impedance of cach of the
difterent samples with the acoustic bond-log tool; and

comparing the known acoustic impedance of each sample with the measured

acoustic impedance to validate the acoustic bond-log tool,

14, The method of claim 13, further comprising coupling an upper end module to
the upper edges of the plurality of sample sections, wherein the upper end module

surrounds the casing enulating fubing to hermetically seal each sample section.

Is. The method of claim 14, further comprising:
coupling a pump to a port providing access o a sealed sanmple section, the
pump operable to produce wellbore pressures within the sealed sample section; and
associating a heater with the fixture, the heater operable to heat the sealed

sample section,

16. The method of claim 14, further comprising:

coupling a wellbore tubing upper end module to upper edges of the wellbore
casing emulating tubing to seal the wellbore casing eroulating tubing; and

coupling a pump fo g port providing access 1o the sealed wellbore casing
emulating tubing, the pump operable to produce wellbore pressures within the sealed

wellbore casing emulating tubing.
17. The method of claim 15, wherein the pump and heater produce a pressure and

temnperature for the sealed sample section independent of a pressure and temperature

associated with another sealed sample section.

13
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18, A method for validating an acoustic bond-log tool, comprising:
containing a sample of a material in cach of a plurality of sample sections of a
test fixture, cach sample having a different known acoustic tmpedance;
measuring an acoustic impedance of each of the different samples within each
sample section with the bond-log tool; and
comparing the known acoustic impedance of each sample with the measured

acoustic impedance to validate the acoustic bond-log tool

19, The method of claim 18, wherein the test fixture is divided into a plarality of
sample sections, each sample section contaming a sample with a different acoustic

impedance.

20. The method of claim 19, further comprising producing a pressure and

temperature for each sample section.

21, The method of claim 20, wherein the produced pressure and temperature 1s

different for cach sample section.

22. The method of claim 18, further comprising measuring the acoustic

impedances of the different samples simultaneously.

~§

23. The method of claim 18, measuring the acoustic impedance of cach sample

through different wall thicknesses of an emulated well-bore casing.

14
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