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- - - A method for testin a h drocarbon sam le. In one embodi 73 As 1 H 11 b t E s I . g Y P 
( ) slgnee H211; O‘: :11; nergy ervlces’ nc ’ ment, the apparatus comprises a sheath disposed about the 

’ hydrocarbon sample. The apparatus further comprises at 
(21) APPL NO. 10/936 867 least one set of acoustic sensors, Wherein the at least one set 

’ of acoustic sensors is secured to the sheath, and further 
(22) Filed; Sep_ 9, 2004 Wherein at least one set of acoustic sensors produces an 

acoustic signal having a velocity through the hydrocarbon 
Related US, Application Data sample. In addition, the velocity is measured to provide 

information about the hydrocarbon sample. In other embodi 
(60) Provisional application No. 60/554,479, ?led on Mar. ments, the at least one set of acoustic sensors is disposed 

19, 2004. radially about the hydrocarbon sample. 
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TESTING OF BOTTOMHOLE SAMPLERS USING 
ACOUSTICS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This non-provisional application claims the bene?t 
of US. Provisional Application No. 60/554,479, ?led Mar. 
19, 2004, Which is hereby incorporated by reference in its 
entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention relates to the ?eld of testing ?uid 
samples and more speci?cally to testing hydrocarbon 
samples using acoustic signals. 

[0005] 2. Background of the Invention 

[0006] There are pressing needs for inexpensive real time 
interpretation of hydrocarbon samples collected in bottom 
hole samplers. Typically, a hydrocarbon sample is collected 
from an underground reservoir primarily for establishing its 
pressure-volume-temperature (PVT) and How assurance 
properties such as the onset of solids. 

[0007] PVT information about a hydrocarbon sample can 
include many different types of information. An important 
type of information is constant composition expansion 
(CCE) study, Which is sometimes referred to as constant 
mass expansion (CME). In a typical laboratory conducted 
CCE study, a sample at reservoir temperature or any sec 
ondary temperature is taken to a pressure considerably 
above reservoir and saturation pressures. The sample is then 
equilibrated, and the pressure is loWered at constant tem 
perature. As the pressure is loWered, the pressure/volume 
behavior of the sample is recorded. The sample composition 
does not change during the exercise. The CCE study typi 
cally provides the folloWing data about the sample. In the 
single phase region, the ?uid phase compressibility is estab 
lished, the saturation pressure (bubble/deW point) is 
recorded at a loWer pressure, and the relative volumes of the 
various phases are reported at pressures beloW the saturation 
pressure. The data generated during a CCE study can be 
important in that it provides a data set that can be effectively 
used to tune a compositional Equation of State (EOS), Which 
can improve the complete PVT predictions generated. The 
collection of CCE data at different temperatures can be even 
more valuable for tuning purposes. 

[0008] From a How assurance standpoint, other important 
information includes the onset of solids formation in the 
Well string and transport lines. Solids primarily take the form 
of Wax and/or asphaltene particles. Wax particles are high 
molecular Weight paraf?nic species that precipitate prima 
rily due to temperature drop and can curtail production 
operations by agglomeration, sticking to pipe Walls, con 
gealing in How lines, and the like. Asphaltenes tend to have 
a more complex chemical nature than Wax and form prima 
rily due to a disruption in a ?ne balance of interactions that 
keep them in suspension/solution in the bulk crude. Asphalt 
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ene precipitation is usually preceded by a drop in system 
pressure that leads to gas release and subsequent disruption 
of the inter-molecular balance needed to keep them stabi 
liZed. Once formed, asphaltenes are typically at least as 
disruptive to How operations as Wax formation. Conse 
quently, measuring Wax and asphaltene formation conditions 
can be an important step to mitigating their ?oW reduction 
tendencies. 

[0009] These PVT and How assurance properties are typi 
cally measured in the laboratory. DraWbacks to the typical 
laboratory measurements include the time delay involved in 
laboratory testing and the costs involved With such a delay. 
For instance, such measurements may not take place for 
Weeks or months after the samples have been collected. 
Costs for storing and transporting the samples for the 
laboratory testing can be signi?cant. In addition, the expense 
of collecting samples can be signi?cant as Well for most 
exploratory environments such as offshore or remote loca 
tions. In such environments, only a single opportunity may 
be available for collecting a sample. Due to such costs and 
time delay, there is a strong interest in knoWing some 
fundamental PVT and How assurance characteristics of a 
freshly captured sample in real time. Other draWbacks 
include not knoWing the quality of a sample or Whether a 
sample Was even collected until the expense and delay of 
laboratory testing has been conducted. The conventional 
methods of saturation pressure determination in the labora 
tory include a plot of pressure as a function of sample 
volume change, With the pressure at Which a sharp change 
in the compressibility occurs de?ning the saturation pres 
sure. DraWbacks to such conventional methods include the 
system pressure typically having to be dropped signi?cantly 
beloW the saturation pressure in order to de?ne a clear 
transition point. For some systems, a signi?cant pressure 
drop beloW the saturation pressure may result in asphaltene 
precipitation taking place, Which is very difficult to reverse. 

[0010] Consequently, there is a need for real time testing 
of hydrocarbon Well samples. Other needs include quickly 
determining Whether a sample Was collected and its quality. 
Further needs include a quicker and more cost efficient Way 
to determine PVT information and How assurance properties 
of hydrocarbon Well samples. In addition, needs include a 
non-intrusive and non-destructive Way to quickly test bot 
tomhole samples. 

BRIEF SUMMARY OF SOME OF THE 
PREFERRED EMBODIMENTS 

[0011] These and other needs in the art are addressed in 
one embodiment by a system for testing a ?uid, Wherein the 
?uid is disposed Within a sample container. The system 
comprises at least one set of acoustic sensors, Wherein the 
acoustic sensors are disposed about the sample container in 
a con?guration comprising at least one con?guration 
selected from the group consisting of radial and longitudi 
nal, and Wherein the at least one set of acoustic sensors 
generates at least one acoustic signal having a velocity 
through the ?uid. The system further comprises a means for 
recording and interpreting at least one acoustic signal gen 
erated by at least one set of acoustic sensors, Wherein the 
velocity of the at least one acoustic signal indicates infor 
mation about the ?uid system. 

[0012] In another embodiment, the present invention com 
prises an apparatus for testing a hydrocarbon sample. The 
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apparatus comprises a sheath disposed about the hydrocar 
bon sample. In addition, the apparatus comprises at least one 
set of acoustic sensors, Wherein the at least one set of 
acoustic sensors is secured to the sheath, and further Wherein 
the at least one set of acoustic sensors produces at least one 
acoustic signal having a velocity through the hydrocarbon 
sample, Wherein the velocity is measured to provide infor 
mation about the hydrocarbon sample. 

[0013] A further embodiment of the present invention 
includes a method for testing a hydrocarbon sample, 
Wherein the hydrocarbon sample is disposed Within a con 
tainer. The method comprises providing at least one set of 
acoustic sensors. In addition, the method comprises sending 
at least one acoustic signal through the hydrocarbon sample. 
Moreover, the method comprises recording a velocity 
through the hydrocarbon sample of the at least one acoustic 
signal, Wherein the recorded velocity provides information 
about the hydrocarbon sample. 

[0014] Other embodiments comprise the acoustic sensors 
generating signals having a frequency range of 0.1 KHZ to 
100 GHZ. In addition, embodiments include heating the 
sample to a desired temperature. Moreover, embodiments 
include using the measured velocity of the signals through 
the sample to determine the saturation pressure and/or solids 
deposition point of the sample. Other embodiments include 
the velocity comprising longitudinal and/or shear velocity. 

[0015] It Will therefore be seen that a technical advantage 
of the present invention includes an apparatus and method 
for quickly and ef?ciently testing hydrocarbon bottomhole 
samples, thereby eliminating problems encountered by using 
conventional testing techniques. For instance, problems 
encountered With the delay and cost of sending samples to 
a laboratory are overcome. Other problems include not 
knoWing certain information, such as knoWing Whether a 
sample Was actually taken and knoWing the quality of the 
sample, until the eXpense and time of sending the sample to 
the laboratory is undertaken. Such other problems are over 
come by the present invention, Which can readily determine 
information such as the location of the piston in the sample 
chamber and the presence and quanti?cation of Water, oil, 
and gas in the sample chamber. The location of the piston 
can indicate Whether a sample Was even collected, While the 
quanti?cation of the remaining components provides infor 
mation on the type and quality of the sample collected. The 
present invention alloWs this information to be generated on 
the drilling platform in real time as soon as the bottomhole 
samples have come to the surface. Such real time testing 
alloWs the operator to determine Whether additional samples 
need to be taken and hoW elaborate the handling of the 
samples should be prior to additional testing. In addition, the 
present invention overcomes the problems of asphaltene 
precipitation With the conventional saturation pressure deter 
mination methods by detecting phase transitions substan 
tially at the saturation pressure, Which can avoid the asphalt 
ene precipitation. 

[0016] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that 
folloWs may be better understood. Additional features and 
advantages of the invention Will be described hereinafter 
that form the subject of the claims of the invention. It should 
be appreciated by those skilled in the art that the conception 
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and the speci?c embodiments disclosed may be readily 
utiliZed as a basis for modifying or designing other struc 
tures for carrying out the same purposes of the present 
invention. It should also be realiZed by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] For a detailed description of the preferred embodi 
ments of the invention, reference Will noW be made to the 
accompanying draWings in which: 

[0018] 
[0019] FIG. 2 illustrates an embodiment of an acoustic 
sample analyZer; 
[0020] FIG. 3 illustrates an acoustic sample analyZer and 
a bottomhole sampler; 

[0021] FIG. 4 illustrates the delay time versus the ampli 
tude of an acoustic signal through a sample; 

FIG. 1 illustrates a bottomhole sampler; 

[0022] FIG. 5 illustrates velocity of the acoustic signal 
through a sample column length; and 

[0023] FIG. 6 illustrates the effect of gas saturation on 
acoustic velocity. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] FIG. 1 illustrates a conventional sampler 5 as is 
knoWn in the art. The present invention is not limited to the 
sampler depicted in FIG. 1 but can include any type and 
shape of sampler that is suitable for containing a sample. 
Sampler 5 represents a bottomhole sampler for underground 
reservoirs. Typically, sampler 5 has a piston 10. 

[0025] FIG. 2 illustrates an acoustic sample analyZer 15, 
Which comprises a sheath 20 and acoustic sensors 25. Sheath 
20 can be made of any suitable material. Without limiting 
the present invention, eXamples of suitable materials include 
metals, plastic, ceramic, and the like. In preferred embodi 
ments, the material is metal. Sheath 20 can also have any 
suitable thickness. In addition, sheath 20 can have any 
shape, preferably a shape suf?cient to be secured to sampler 
5. As the shapes of conventional samplers vary, it is to be 
understood that the shape of sheath 20 may also vary. For the 
typical cylindrical shaped sampler, sheath 20 preferably has 
a cylindrical shape. In some embodiments, sheath 20 is 
substantially ?eXible and comprises thin metal or plastic. In 
alternative embodiments (not illustrated), sheath 20 can 
comprise at least tWo separate sections. In some alternative 
embodiments, such separate sections are connected by 
hinges, screWs, and the like. For eXample and Without 
limitation, separate sections connected by hinges can be 
used With thick-Walled metal or ceramic construction, Which 
can provide a basis for imbedded heaters or circulating 
pathWays for externally heated heat transfer ?uids. 

[0026] Acoustic sensors are Well knoWn in the art, and 
acoustic sensors 25 can comprise any acoustic sensors 
suitable for measuring samples. EXamples of sensors include 
Dual Mode P&S [longitudinal-compressional (P) and shear 
(S)] sensors. Acoustic sample analyZer 15 preferably com 
prises multiple sets of acoustic sensors 25. In alternative 
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embodiments (not illustrated), acoustic sample analyzer 15 
has a single set of acoustic sensors 25. Other alternative 
embodiments (not illustrated) include acoustic sample ana 
lyZer 15 having a single sensor or more than one sensor 
Wherein not all of the sensors are in sets. 

[0027] Preferably, each set of acoustic sensors 25 has an 
acoustic signal generator and an acoustic signal receiver. 
The generator can have any range of frequencies. Preferably, 
a generator is selected that has a frequency suitable for the 
desired test conditions. For instance, a frequency is prefer 
ably selected that is suitable for the type of metal of sampler 
5, the thickness of the Walls of sampler 5, and/or the 
diameter of sampler 5. For a conventional sampler 5 for 
doWnhole ?uids, one example of a sensor range is 0.1 MHZ 
to 10 MHZ. Another example of a sensor frequency is 1.0 
MHZ. Afurther example of a sensor frequency is 0.1 kHZ to 
100 GHZ. Acoustic sensors 25 are preferably disposed 
Within sheath 20 in any manner suf?cient to alloW contact 
betWeen acoustic sensors 25 and sampler 5. For instance, 
acoustic sensors 25 can be screWed, Welded, glued, pressure 
?t, and/or embedded to sheath 20. 

[0028] FIG. 3 illustrates acoustic sample analyZer 15 
together With sampler 5. Acoustic sample analyZer 15 is 
disposed about at least a portion of sampler 5. Acoustic 
sample analyZer 15 can be secured or unsecured about the at 
least a portion of sampler 5, preferably secured. Acoustic 
sample analyZer 15 can be secured by any suitable means 
such as clamps, bands, and the like. Preferably, acoustic 
sensors 25 are disposed radially about sampler 5. It is to be 
understood that the spacing betWeen sets of acoustic sensors 
25 and the number of sets of acoustic sensors 25 can be 
selected to alloW for any portion of sampler 5 to be covered. 
It is to be understood that accuracy of measurements may be 
improved With closer spacing of acoustic sensors 25. For 
example, closer spacing may provide a smaller pressure 
range over Which phase transitions can be detected. Closer 
spacing may also provide improved accuracy With Which the 
volumes of phases can be measured. Preferably, the heads of 
acoustic sensors 25 are coated With an interface ?uid before 
acoustic sample analyZer 15 is secured to sampler 5. In 
alternative embodiments, the heads of acoustic sensors 25 
are not coated With an interface ?uid. In addition, it is 
preferable but not required that the active face of each 
acoustic sensor 25 have a curvature that approximates the 
curvature of the sampler 5. Such a curvature can facilitate 
the connection betWeen an acoustic sensor 25 and sampler 5. 

[0029] The signals generated by acoustic sensors 25 can 
be recorded and/or interpreted by any suitable device such as 
a microprocessor, data acquisition cards, a central process 
ing unit, plotter, oscilloscope, video, signal receiver, signal 
generator, analysis softWare, and the like. In addition, the 
signals can be transmitted from the acoustic sensors 25 by 
any suitable means such as signal leads, Wireless, and the 
like. Preferably, the signal is transmitted to the device by 
signal leads that run from the acoustic sensor 25 to the 
device. 

[0030] In alternative embodiments (not illustrated), acous 
tic sample analyZer 15 can have imbedded heating elements, 
Which can alloW acoustic sample analyZer 15 to heat sampler 
5. It is preferred that such heating elements be controllable 
so that the temperature of sampler 5 can be maintained at 
any desired temperature. In other alternative embodiments 
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(not illustrated), an external heating jacket can be provided 
to maintain sampler 5 at a desired temperature. The external 
heating jacket can cover any portion of sampler 5 and 
acoustic sample analyZer 15, preferably covering substan 
tially all of acoustic sample analyZer 15. Any suitable 
external heating jacket knoWn in the art can be used. In some 
embodiments, the external heating jacket can include a thin 
Walled internal and external shell through Which externally 
heated heat transfer ?uid is circulated. By adjusting the 
internal diameter of the internal shell to closely match the 
external diameter of the sampler 5, heat exchange betWeen 
the heating jacket and the sampler 5 is maximiZed so that 
sampler 5 can be quickly brought to and reasonably main 
tained at some desired temperature. In an alternate embodi 
ment, the heating element could be a coil or internal passage 
betWeen the internal and external Walls of the heating jacket 
through Which the externally heated heat transfer ?uid is 
circulated. Furthermore, by making the entire heating jacket 
of some strongly heat conducting material such as copper, 
the process for heat transfer is facilitated and the heat 
content of the circulating ?uid can be quickly and easily 
transmitted to adjust and then maintain the temperature of 
the sampler 5. 

[0031] In alternative embodiments (not illustrated), acous 
tic sample analyZer 15 does not have a sheath 20. Instead, at 
least one set of acoustic sensors 25 is disposed radially or 
longitudinally about sampler 5. In alternative embodiments, 
at least one set of acoustic sensors 25 is disposed radially 
and at least one set of acoustic sensors 25 is disposed 
longitudinally about sampler 5. In a longitudinal con?gura 
tion, each acoustic sensor set 25 has one or more sensors on 

each longitudinal end, With the sender and receiver on 
opposite or the same ends. The sensors can be secured or 
unsecured to sampler 5, preferably secured. The sensors can 
be secured by any suitable means such as screWs, bolts, 
pressure, and the like. Alternatively, each sensor can be used 
individually for interpretative purposes. In embodiments 
Wherein radial sensors are also used, the longitudinal trans 
ducers can be used as the signal generators for the radially 
positioned transducers. The radial con?guration can have 
several con?gurations of the sensors. In one embodiment, a 
single acoustic sensor set 25 can be used With the sensors 
disposed radially on opposite sides of sampler 5. The 
acoustic sensor set 25 can then be moved manually or 
mechanically up and doWn sampler 5 for detection purposes. 
In another embodiment for a single sensor set 25, the 
acoustic sensor set 25 is held ?xed, and sampler 5 is moved 
manually or mechanically up and doWn betWeen the sensors. 
More preferable embodiments include more than one set of 
acoustic sensors 25 disposed radially about sampler 5. 

[0032] The folloWing is an exemplary application of the 
present invention as embodied and illustrated on FIGS. 2 
and 3. AdoWnhole sample chamber such as a multi-chamber 
section is located doWnhole, for instance in a hydrocarbon 
Wellbore operation. The typical doWnhole sample chamber 
has more than one sampler 5. After the doWnhole sample 
chamber captures a sample, it is pulled out of the hole. 
Preferably, the samplers 5 are then separated from the 
doWnhole sample chamber. An acoustic sample analyZer 15 
can be placed around one of the samplers 5 and preferably 
secured by clamp. Testing of the sample Within sampler 5 
can include tWo stages of testing, a quality check stage 
and/or a test stage. Preferably, the quality check stage is 
conducted before conducting the test stage. In alternative 
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embodiments, the test stage is conducted before the quality 
check stage. In other alternative embodiments, only one of 
the stages is conducted for a given sample. 

[0033] Aquality check can include determining Whether a 
sample Was actually taken by the tested sampler 5 and 
Whether the sample is single phase or has multiple phases. 
If the quality check indicates the presence of more than one 
phase, it can also indicate the presence and/or quantity of the 
other phases. For instance, it can indicate the presence 
and/or quantity of Water, the presence and/or quantity of 
hydrocarbons, and/or the presence and/or quantity of gas. 
Before activating acoustic sample analyZer 15, the tempera 
ture of sampler 5 is adjusted to a desired temperature and 
optionally maintained at a desired temperature. The tem 
perature can be adjusted by heating elements Within acoustic 
sample analyZer 15 and/or by an external heating jacket. In 
alternative embodiments, the temperature of acoustic sample 
analyZer 15 is not adjusted. Acoustic sample analyZer 15 is 
then activated. Preferably, sampler 5 is substantially vertical 
during the testing. It is preferred that acoustic sample 
analyZer 15 is operated as a constantly cycling device (e.g., 
acoustic sensors 25 ping repeatedly). Such a constantly 
cycling device can alloW substantially immediate detection 
and interpretation of the sample. In alternative embodi 
ments, acoustic sample analyZer 15 is not operated as a 
constantly cycling device. For example, acoustic sample 
analyZer 15 can be operated as an intermittent cycling device 
in Which the intermittent cycling can be dictated by the 
availability of portable poWer and the rate at Which the 
device drains the poWer. 

[0034] When acoustic sample analyZer 15 is activated, 
acoustic sensors 25 are activated, and their signals are 
recorded. The velocity of the sample is recorded. The 
velocity can be longitudinal and/or shear velocity. Both 
longitudinal and shear velocity include information on the 
arrival time and amplitudes of the Wave form. Aplot of the 
measured velocity as a function of the length of column in 
sampler 5 can be generated. An example of such a plot is 
illustrated in FIG. 5. FIG. 5 indicates the presence and 
height 35 of a column of Water above piston 10, the presence 
and height of a liquid hydrocarbon 40 above piston 10, and 
the presence and height of a gas 45 above piston 10. The 
presence of gas, liquid hydrocarbon, and Water can be 
differentiated by the velocity of the acoustic signal through 
the sample. For instance, Water is a faster conductor of the 
acoustic signal than liquid hydrocarbon and gas, and the 
liquid hydrocarbon is a faster conductor of the acoustic 
signal than the gas. FIG. 4 is an illustration of the arrival 
time of acoustic signals through liquid hydrocarbon and 
Water. It can be seen that the arrival time 50 of an acoustic 
signal through Water is faster than the arrival time 55 of an 
acoustic signal through liquid hydrocarbon. It should be 
understood that even though FIG. 4 is illustrated shoWing 
Water 50 and liquid hydrocarbons 55, the present invention 
can also be used for gas saturated systems. FIG. 6 is an 
illustration of saturation of a brine and oil phase With gas. It 
can be seen that the gas increases the differentiation of the 
oil and brine. Therefore, as the differentiation in velocity can 
be used in the present invention to differentiate betWeen 
phases, acoustic sample analyZer 15 is viable for gas satu 
rated systems as Well. 

[0035] A plot as illustrated in FIG. 5 can provide a 
substantially instantaneous indication of the quality of the 
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sample in sampler 5 or can improve the quality of the 
sampling by alloWing the operator to move the sampling 
point loWer out of a gas Zone and into an oil Zone if, for 
instance, an oil sample is desired. For instance, the location 
of piston 10 can indicate Whether a sample Was taken and 
can also indicate Whether a partial sample Was taken. As an 
example, if piston 10 Was stuck during collection With no 
sample taken, a plot may shoW a substantially ?at line With 
the piston 10 located at the top of sampler 5. In regards to 
Water, its presence and quantity may indicate the overall 
quality of the sample and may also provide information as 
to the nature of the doWnhole conditions When the sample 
Was taken. In regards to the liquid hydrocarbon, its presence 
and quantity can provide information such as Whether an 
insufficient hydrocarbon sample Was collected. As an 
example, if excess Water Was collected, a plot may shoW that 
an insu?icient amount of liquid hydrocarbon Was collected 
to obtain a sufficient test of the doWnhole conditions. Such 
information about the liquid hydrocarbon sample can alloW 
the avoidance of sample reconditioning, transfer, and long 
term storage costs of the sample. The presence and quantity 
of a gas may be indicative of poor sample gathering practice 
or proximity to a gas cap, Which can alloW corrective action 
to be taken to improve the interpretation of the gas phase. 

[0036] In the test stage, PVT information such as CCE 
and/or solids onset (such as Wax, asphaltene, and the like) 
can be indicated. With acoustic sample analyZer 15 attached 
to sampler 5, the temperature of the sample can be adjusted 
and optionally maintained at a desired temperature. The 
temperature can be adjusted by heating elements Within 
acoustic sample analyZer 15 and/or by an external heating 
jacket. In alternative embodiments, the temperature is not 
adjusted. In some instances, it may be desired to adjust the 
pressure and/or rock sampler 5 before conducting the test 
stage. For instance, if it is indicated in the quality check 
stage that gas in the sample has separated from the liquid, 
pressure can be added to sampler 5 to increase the pressure 
of the sample. The pressure of sampler 5 can be monitored 
and/or increased by any suitable method. For example, the 
pressure can be monitored by pressure gauge or any other 
suitable device, and the pressure can be increased by attach 
ing a ?uid pump to the hydraulic displacement ?uid located 
under piston 10 and injecting additional hydraulic displace 
ment ?uid under piston 10, Which can pressuriZe the sample 
to single phase. Rocking sampler 5 may facilitate the sample 
to equilibrate to a single phase. Rocking samples is Well 
knoWn in the art, and sampler 5 can be rocked by any 
suitable means. For instance, sampler 5 can be rocked by 
manual rocking, a motoriZed rocking stand, and the like. In 
some embodiments, the sample is rocked until it is suffi 
ciently homogeniZed. In alternative embodiments, non-rock 
ing means may be used to mix the sample. Such non-rocking 
means can include sonic horns. A sonic horn is convention 
ally used to translate electrical energy into acoustic vibra 
tions that can be used to vigorously mix a liquid system. 
With the sample in a single phase, a plot of the measured 
longitudinal velocity signal can be indicated as a substan 
tially ?at line, Which is indicative of a single phase. 

[0037] After the sample is sufficiently pressuriZed and at 
the desired temperature, a ?xed volume of the ?uid beloW 
piston 10 is removed from sampler 5, preferably at constant 
temperature. The ?uid can be removed by any suitable 
method. For instance, some of the ?uid can be drained into 
a graduated cylinder for measurement. Apreferable method 
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is to attach a ?uid pump to the hydraulic displacement ?uid 
located under piston 10. The ?uid can be displaced by 
backing off on the pump. Such an approach can alloW for a 
measured amount of the ?uid to be removed. Optionally, 
sampler 5 can be rocked after each volume adjustment step, 
Which may facilitate the sample to equilibrate. 

[0038] After the ?xed volume of ?uid is removed, acoustic 
sensors 25 transmit their signals through the sample. It is 
indicated by the measured acoustic sensor 25 signals 
Whether there is any phase change in the sample such as gas 
release or solids formation. For instance, With a gas release, 
the measured signal, such as the longitudinal velocity, can be 
attenuated, Which indicates the presence of a phase transi 
tion. It is to be understood that the measurements can be 
made Whether the sample is being rocked or held steady. 
When gas phase volume measurements are made, the rock 
ing is preferably stopped, and sampler 5 is placed substan 
tially vertical, Which can alloW for partitioning of the 
multiple phases. If the ?rst volume adjustment step does not 
provide an indication of a phase transition (such as attenu 
ated longitudinal velocity readings), it can be repeated, With 
appropriate volumes being removed until a phase transition 
is observed. 

[0039] For liquid hydrocarbons, phase transition can be in 
the form of gas bubbles released at the bubble point and/or 
solids deposition. For example, if the initial attenuation of 
the signal is due to gas released at the saturation pressure, 
then, With time, the attenuation Will disappear, While With 
successive volume expansion steps a gas Zone at the top of 
the sample cylinder Will be indicated by the measured 
signals (e.g., a sloWer longitudinal velocity Will be indicated 
at the top of sampler 5). HoWever, if the initial signal 
attenuation Was due to solids deposition, then successive 
volume expansion steps Will not shoW a gas Zone, and the 
signal Will remain attenuated due to the presence of sus 
pended solids in the sample. In embodiments Wherein the 
sample is a single phase gas (e.g., as for a condensate), the 
?rst phase transition observed may be a deW point transition 
as liquid comes out of solution. Therefore, acoustic sample 
analyZer 15 can be used to detect a saturation pressure and/or 
a solids deposition point. 

[0040] In some instances, substantially all of the ?uid 
beloW piston 10 may have been removed during sampling or 
during the volume adjustment steps, but no phase change 
may have occurred during the volume adjustment next step. 
With sampler 5 preferably in a vertical position, piston 10 
may be disposed at the bottom of sampler 5 in such 
instances. It is to be understood that because no further 
expansion of the sample is possible, the phase change can 
only be observed by repeating the volume expansion step 
starting With a smaller sample volume. To achieve a smaller 
sample volume, a portion of the sample may be removed. 
Preferably, the sample volume is reduced in the single phase 
condition, Which can preserve the integrity of the sample. 
Preferably, a liquid is injected at the bottom of sampler 5 to 
move up piston 10 to pressuriZe the sample and maintain a 
single phase condition during the removal step. The liquid is 
preferably Water. A corresponding amount of the single 
phase ?uid is taken out of the top of sampler 5. The volume 
adjustment steps can then be repeated until a phase change 
occurs. In alternative embodiments, liquid is not added to 
beloW piston 10 but only the single phase ?uid in sampler 5 
is removed. In such alternative embodiments, continued 
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removal of sample from the system may drop the pressure 
beloW the saturation pressure and a detectable gas or liquid 
phase may be generated. In such alternative embodiments, 
the volume adjustment steps are repeated until a phase 
change occurs. 

[0041] The determination of saturation pressures for a 
liquid hydrocarbon sample can be used for equation of state 
simulations. For instance, heating and optionally rocking of 
sampler 5 can alloW for saturation pressures at a variety of 
temperatures to be determined. After the saturation pressure 
is determined for a given temperature, the sample can be 
heated and maintained at another temperature. At such 
temperature, the testing stage can be conducted to determine 
the saturation pressure at such temperature. 

[0042] It is to be understood that other information can be 
determined as Well by using acoustic sample analyZer 15. 
For instance, as the sample pressure is loWered beloW the 
saturation point, gas can be released from solution. Acoustic 
sample analyZer 15 can be used to determine the volumes of 
the Water, gas, and liquid hydrocarbons in such a sample. For 
instance, the longitudinal velocity of the acoustic signals 
through the sample can indicate the presence and volume of 
each, as can be shoWn by the plot of FIG. 5. It is to be 
understood that the accuracy of the measurements can be a 
function of factors such as the resolution of the transducers 
and their spacing. 

[0043] In alternative embodiments (not illustrated), acous 
tic sample analyZer 15 can also be used for differentiating 
betWeen rich and dry gas (e.g., methane). It is to be under 
stood that an acoustic signal can travel through rich gas 
faster than dry gas. Therefore, a recording of the velocity 
through a gas can indicate Whether it is a dry or rich gas 
based upon the indicated signals of acoustic sensors 25. 

[0044] It is to be understood that the acoustic sample 
analyZer 15 of the present invention is not limited to testing 
hydrocarbons but can test any ?uid. For instance, it can be 
used to test Water quality in Water Wells. In such instances, 
the longitudinal velocity of acoustic signals through a Water 
sample from a Well can indicate Whether the sample has 
different phases. It can also be used to test contaminants. 

[0045] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations may be made 
herein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. 

What is claimed is: 
1 Asystem for testing a ?uid, Wherein the ?uid is disposed 

Within a sample container, comprising: 

at least one set of acoustic sensors, Wherein the acoustic 
sensors are disposed about the sample container in a 
con?guration comprising at least one con?guration 
selected from the group consisting of radial and lon 
gitudinal, and Wherein the at least one set of acoustic 
sensors generates at least one acoustic signal having a 
velocity through the ?uid; and 

a means for recording and interpreting the at least one 
acoustic signal generated by the at least one set of 
acoustic sensors, Wherein the velocity of the at least one 
acoustic signal indicates information about the ?uid. 
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2. The system of claim 1, wherein the sample container is 
moved betWeen the at least one set of acoustic sensors. 

3. The system of claim 1, Wherein the at least one set of 
acoustic sensors is moved longitudinally to the sample 
container. 

4. The system of claim 1, Wherein the at least one set of 
acoustic sensors is secured to a sheath. 

5. The system of claim 4, Wherein the sheath is secured 
about the sample container. 

6. The system of claim 1, Wherein the sample container is 
heated. 

7. The system of claim 1, Wherein the at least one set of 
acoustic sensors comprises an acoustic signal generator and 
an acoustic signal receiver. 

8. An apparatus for testing a hydrocarbon sample, com 
prising: 

a sheath disposed about the hydrocarbon sample; and 

at least one set of acoustic sensors, Wherein the at least 
one set of acoustic sensors is secured to the sheath, and 
further Wherein the at least one set of acoustic sensors 
produces at least one acoustic signal having a velocity 
through the hydrocarbon sample, 

Wherein the velocity is measured to provide information 
about the hydrocarbon sample. 

9. The apparatus of claim 8, Wherein the at least one set 
of acoustic sensors comprises at least one acoustic signal 
generator and at least one acoustic signal receiver. 

10. The apparatus of claim 8, Wherein the at least one set 
of acoustic sensors generates a signal having a frequency 
range of 0.1 kHZ to 100 GHZ. 

11. The apparatus of claim 8, Wherein the sheath is 
secured about the hydrocarbon sample. 

12. The apparatus of claim 8, Wherein the at least one set 
of acoustic sensors is disposed radially about the hydrocar 
bon sample. 

13. The apparatus of claim 8, Wherein the apparatus 
further comprises a means for recording and interpreting the 
signals generated by the at least one set of acoustic sensors. 

14. The apparatus of claim 13, Wherein the means for 
recording and interpreting the signals includes at least one 
chosen from the group consisting of a microprocessor, 
central processing unit, data acquisition card, plotter, oscil 
loscope, signal generator, video, signal receiver, and analy 
sis softWare. 

15. The apparatus of claim 8, Wherein the apparatus 
comprises heating elements, Wherein the heating elements 
are sufficient for heating the hydrocarbon sample. 

16. The apparatus of claim 8, further comprising a heating 
jacket, Wherein the heating jacket is sufficient for heating the 
hydrocarbon sample. 

17. A method for testing a hydrocarbon sample, Wherein 
the hydrocarbon sample is disposed Within a container, 
comprising: 

(A) providing at least one set of acoustic sensors; 

(B) sending at least one acoustic signal through the 
hydrocarbon sample; and 

(C) recording a velocity through the hydrocarbon sample 
of the at least one acoustic signal, Wherein the recorded 
velocity provides information about the hydrocarbon 
sample. 
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18. The method of claim 17, Wherein the at least one set 
of acoustic sensors is disposed about the container in at least 
one con?guration selected from the group consisting of 
radial and longitudinal. 

19. The method of claim 17, Wherein step (B) further 
comprises moving the container betWeen the at least one set 
of acoustic sensors. 

20. The method of claim 17, Wherein step (B) further 
comprises moving the at least one set of acoustic sensors 
longitudinally to the container. 

21. The method of claim 17, Wherein the at least one set 
of acoustic sensors is disposed in a sheath, Wherein the 
sheath is secured to the container. 

22. The method of claim 21, Wherein step (C) further 
comprises heating the hydrocarbon sample. 

23. The method of claim 22, Wherein heating the hydro 
carbon sample is accomplished by heating elements dis 
posed Within the sheath. 

24. The method of claim 22, Wherein heating the hydro 
carbon is accomplished by a heating jacket. 

25. The method of claim 17, Wherein step (C) further 
comprises plotting the recorded velocity to produce a plot. 

26. The method of claim 25 , Wherein the plot indicates the 
presence of a single phase or multiple phases. 

27. The method of claim 25, Wherein the plot indicates at 
least one type of information selected from the group 
consisting of Whether the container comprises a hydrocarbon 
sample, Whether the container comprises Water, Whether the 
container comprises a liquid hydrocarbon, and Whether the 
container comprises gas. 

28. The method of claim 25, Wherein the plot indicates at 
least one type of information selected from the group 
consisting of an amount of Water in the container, an amount 
of liquid hydrocarbon in the sample, and an amount of gas 
in the container. 

29. The method of claim 25 , Wherein the plot indicates the 
presence of rich gas or dry gas. 

30. The method of claim 17, Wherein the recorded veloc 
ity of step (C) indicates the presence of a single phase or 
multiple phases. 

31. The method of claim 17, Wherein step (C) comprises 
determining the constituents of the hydrocarbon sample. 

32. The method of claim 31, Wherein determining the 
constituents comprises determining the presence of Water, 
liquid hydrocarbons and gas in the hydrocarbon sample; 
Wherein the acoustic signals pass through each of the Water, 
liquid hydrocarbons and gas at different velocities; and 
further Wherein determining the presence of the Water, liquid 
hydrocarbons and gas is accomplished by the velocities 
recorded. 

33. The method of claim 32, Wherein step (C) further 
comprises determining amounts in the hydrocarbon sample 
of at least one component selected from the group consisting 
of Water, liquid hydrocarbons, and gas. 

34. The method of claim 17, Wherein step (C) comprises 
indicating Whether the container comprises a hydrocarbon 
sample. 

35. The method of claim 34, Wherein the container 
comprises a piston, and Wherein indicating Whether the 
container comprises a hydrocarbon sample is accomplished 
by identifying the location of the piston in the container. 

36. The method of claim 17, Wherein step (C) comprises 
indicating the presence of rich gas or dry gas. 
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37. A method for testing a hydrocarbon sample, wherein 
the hydrocarbon sample is disposed Within a container, 
comprising: 

(A) providing at least one set of acoustic sensors; 

(B) removing a ?xed volume of the hydrocarbon sample 
from the container; 

(C) sending at least one acoustic signal through the 
hydrocarbon sample, Wherein the at least one acoustic 
signal has at least one velocity through the hydrocarbon 
sample; and 

(D) determining information about the hydrocarbon 
sample from the velocity through the hydrocarbon 
sample. 

38. The method of claim 37, Wherein the at least one set 
of acoustic sensors is disposed about the container in at least 
one con?guration selected from the group consisting of 
radial and longitudinal. 

39. The method of claim 37, Wherein step (C) further 
comprises moving the container betWeen the at least one set 
of acoustic sensors. 

40. The method of claim 37, Wherein step (C) further 
comprises moving the at least one set of acoustic sensors 
longitudinally to the container. 

41. The method of claim 37, Wherein the at least one set 
of acoustic sensors is disposed in a sheath, Wherein the 
sheath is secured to the container. 

42. The method of claim 41, Wherein step (B) further 
comprises heating the hydrocarbon sample. 

43. The method of claim 42, Wherein heating the hydro 
carbon sample is accomplished by heating elements dis 
posed Within the sheath. 

44. The method of claim 42, Wherein heating the hydro 
carbon is accomplished by a heating jacket. 

45. The method of claim 42, further comprising main 
taining the temperature of the hydrocarbon sample at a 
desired temperature. 
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46. The method of claim 37, Wherein step (B) further 
comprises adjusting the pressure of the hydrocarbon sample. 

47. The method of claim 46, Wherein the hydrocarbon 
sample is present in the container in more than one phase, 
and Wherein suf?cient pressure is added to the container to 
equilibrate the hydrocarbon sample to one phase. 

48. The method of claim 37, Wherein step (B) further 
comprises rocking the container. 

49. The method of claim 37, Wherein the ?xed volume is 
removed in step (B) at a constant temperature. 

50. The method of claim 37, Wherein the information of 
step (D) comprises a saturation pressure of the hydrocarbon 
sample, Wherein the saturation pressure is indicated When 
the measured velocity is attenuated. 

51. The method of claim 50, further comprising optionally repeating steps (B)-(D). 

52. The method of claim 51, Wherein steps (B)-(D) are 
repeated When the measured velocity is not attenuated. 

53. The method of claim 51, Wherein steps (B)-(D) are 
repeated until a bubble point or a solids deposition point is 
determined. 

54. The method of claim 53, Wherein the bubble point is 
determined When a gas pocket appears in the container. 

55. The method of claim 53, Wherein the solids deposition 
point is determined When no gas pocket appears in the 
container. 

56. The method of claim 51, Wherein the container 
comprises a piston, and Wherein the ?Xed volume is 
removed by removing ?uid beloW the piston. 

57. The method of claim 56, Wherein a liquid is injected 
to the container beloW the piston. 

58. The method of claim 37, Wherein the hydrocarbon 
sample is a gas, Wherein the information of step (D) com 
prises a deW point of the hydrocarbon sample, Wherein the 
deW point is indicated When the measured longitudinal 
velocity is attenuated. 

* * * * * 


