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A method and apparatus for generating an acoustic Signal 
having a Single mode of propagation along borehole walls. 
The method includes generating an n-pole (monopole, 
dipole, quadrupole, and So on) acoustic signal and calculat 
ing the tool position and borehole shape from the Signals 
received at one or more receivers. If the tool contains 
matched Sources and balanced receivers, is in the center of 
the borehole, and the borehole is circular, the pure, Single 
mode acoustic Signal will propagate along the borehole 
walls with a single mode of propagation. If the acoustic 
Signal traveling along borehole walls does not have a single 
mode of propagation, the Signals amplitudes and time 
delays are adjusted to produce a Second acoustic Signal. The 
Second acoustic Signal's amplitudes and time delays are 
further adjusted until the Signal traveling along the borehole 
walls has a Single mode of propagation. 
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METHOD AND APPARATUS FOR GENERATING 
ACOUSTIC SIGNAL WITH SINGLE MODE OF 

PROPAGATION 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention relates to formation logging 
techniques. More particularly, the present invention relates 
to a method and apparatus for generating an n-pole (e.g. 
monopole, dipole, quadrupole, hexapole and So on) acoustic 
Signal with a single mode of propagation along the walls of 
a borehole. 

BACKGROUND OF THE INVENTION 

0002 Petroleum drilling and production operations 
require large quantities of information relating to parameters 
and conditions downhole. Such information typically 
includes characteristics of the earth formations traversed by 
the wellbore, along with data relating to the Size and 
configuration of the borehole itself. The collection of infor 
mation relating to conditions downhole, which commonly is 
referred to as “logging.” can be performed by Several 
techniques. 

0003. In conventional oil well wireline logging, a probe 
or “Sonde’ housing formation Sensors is lowered into the 
borehole after Some or all of the well has been drilled, and 
is used to determine certain characteristics of the formations 
traversed by the borehole. The upper end of the Sonde is 
attached to a conductive wireline that Suspends the Sonde in 
the borehole. Power is transmitted to the sensors and instru 
mentation in the Sonde through the conductive wireline. 
Similarly, the instrumentation in the Sonde communicates 
information to the Surface by electrical Signals transmitted 
through the wireline. 
0004. The problem with obtaining downhole measure 
ments via wireline is that the drilling assembly must be 
removed from the drilled borehole before the desired bore 
hole information can be obtained. This can be both time 
consuming and extremely costly, especially in Situations 
where a substantial portion of the well has been drilled. In 
this situation, thousands of feet of tubing may need to be 
removed and stacked on the platform (if offshore). Typically, 
drilling rigs are rented by the day at a Substantial cost. 
Consequently, the cost of drilling a well is directly propor 
tional to the time required to complete the drilling process. 
Removing thousands of feet of tubing to insert a wireline 
logging tool can be an expensive proposition. 
0005. As a result, there has been an increased emphasis 
on the collection of data during the drilling process. Col 
lecting and processing data during the drilling proceSS 
eliminates the necessity of removing the drilling assembly to 
insert a wireline logging tool. It consequently allows the 
driller to make accurate modifications or corrections as 
needed to optimize performance while minimizing down 
time. Designs for measuring conditions and formation prop 
erties downhole including the movement and location of the 
drilling assembly contemporaneously with the drilling of the 
well have come to be known as “logging-While-drilling” 
techniques, or “LWD.” 
0006 When oil wells or other boreholes are being drilled, 

it is frequently necessary or desirable to determine the 
direction and inclination of the drill bit and downhole motor 
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So that the assembly can be Steered in the correct direction. 
Additionally, information may be required concerning the 
nature of the Strata being drilled, Such as the formation's 
resistivity, Velocity, porosity, density and its measure of 
gamma radiation. It is also frequently desirable to know 
other downhole parameters, Such as the temperature and the 
preSSure at the base of the borehole, for example. Once this 
data is gathered at the bottom of the borehole, it is necessary 
to communicate it to the Surface for use and analysis by the 
driller. 

0007. In LWD systems, sources and receivers are typi 
cally located at the lower end of the drill String. Typically, 
the downhole sources and receivers employed in LWD 
applications are positioned in a cylindrical drill Section that 
is positioned close to the drill bit. As the drill bit progresses 
through the formation, drilling noise, the noncircular shape 
of the borehole, and the location of the logging tool in the 
borehole may effect the collection of formation data. Each of 
the Sources may be programmed to generate a pure n-pole 
acoustic Signal with a single mode of propagation. Thus, n=1 
is a monopole acoustic Signal with monopole mode of 
propagation, n=2 dipole acoustic signal with dipole mode of 
propagation, n=4 quadrupole acoustic Signal, n=6 hexapole 
acoustic Signal, and So on. Acoustic signals generated by the 
Sources travel through the borehole, and along the borehole 
walls of the formation or into the formation depending on 
the Velocity of the acoustic signal in the formation (V) and 
the Velocity of the acoustic signal in the borehole (V). Each 
type of n-pole acoustic signal permits determination of 
different formation properties as described in more detail 
below. If the borehole is not circular, the tool is not in the 
center of the borehole, the Sources are mismatched (i.e., 
Sources given the same input do not generate identical 
acoustic signals), or the receivers are not balanced (i.e., 
receiverS See identical acoustic Signals at their inputs but 
generate varying electrical outputs for each signal), the 
Signals at the receiverS may have multiple modes of propa 
gation (e.g., Signal with both monopole mode and dipole 
modes of propagation). An acoustic signal with multiple 
modes of propagation arriving at the receivers interfere with 
each other and make the determination of formation prop 
erties inaccurate and difficult. 

0008 Thus, there is a continuing need for generating an 
n-pole acoustic Signal with a single mode of propagation 
along the walls of the borehole that compensates for drilling 
noise, noncircular imperfections in the shape of the bore 
hole, and the location of the logging tool in the borehole. 

SUMMARY OF THE INVENTION 

0009. According to an embodiment of the present inven 
tion, a method and logging tool apparatus are provided for 
generating an acoustic Signal having a Single mode of 
propagation along borehole walls. The method includes 
generating an n-pole acoustic Signal and calculating the tool 
position and borehole shape from the Signals received at one 
or more receivers. The n-pole Signal may be a monopole 
Signal, dipole signal, quadrupole Signal, or hexapole Signal. 
If the tool contains Sources that can generate a pure, Single 
mode acoustic Signal, balanced receivers, is in the center of 
the borehole, and the borehole is circular, the acoustic Signal 
will propagate along the borehole walls with a single mode 
of propagation. If the acoustic Signal traveling along bore 
hole walls does not have a single mode of propagation, the 
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Signals amplitudes and time delays are adjusted to produce 
a Second acoustic Signal. The Second acoustic Signal is 
generated from one or more tool Sources. The Second 
acoustic Signals amplitudes and time delays are further 
adjusted until the Signal traveling along the borehole walls 
has a Single mode of propagation. The method includes 
generating the adjusted Signal to determine hydrocarbon 
properties of the formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.010 For a detailed description of the embodiments of 
the invention, reference will now be made to the accompa 
nying drawings in which: 
0011 FIG. 1a is a schematic view of an LWD acoustic 
logging tool in accordance with Some embodiments of the 
invention located in a drill String in a borehole, and a 
processing device at the Surface; 
0012 FIG. 1b shows a schematic view of the LWD 
acoustic logging tool in accordance with Some embodiments 
of the invention located in a deviated borehole; 
0013 FIG. 2 is a graph of energy versus frequency 
showing the drilling noise and propagation modes for each 
n-pole signal Source; 
0.014 FIG. 3 is a more detailed schematic view of the 
acoustic logging tool in accordance with Some embodiments 
of the invention shown in FIGS. 1a and 1b, 
0015 FIG. 4 is a top view of the borehole showing the 
acoustic logging tool off-center in a non-circular borehole; 
0016 FIG. 5a is a cross-sectional view of the acoustic 
Signal pattern in the borehole and along the borehole walls 
generated by monopole Sources in the logging tool; 
0017 FIG. 5b is a cross-sectional view of the acoustic 
Signal pattern in the borehole and along the borehole walls 
generated by dipole Sources in the logging tool; 

0.018 FIG. 5c is a cross-sectional view of the acoustic 
Signal pattern in the borehole and along the borehole walls 
generated by quadrupole Sources in the logging tool; 
0.019 FIG. 5d is a cross-sectional view of the acoustic 
Signal pattern in the borehole and along the borehole walls 
produced by generalized n-pole Sources in the logging tool; 
0020 FIG. 6a shows a block diagram of the processing 
hardware in the tool and on the Surface in accordance with 
Some embodiments of the invention; 

0021 FIG. 6b shows in accordance with other embodi 
ments of the invention a block diagram of the processing 
hardware in the tool and on the Surface; 

0022 FIG. 7 shows a flow chart of an illustrative tech 
nique for generating an acoustic Signal with a single mode 
of propagation that may be implemented by the System of 
FIG. 6a or FIG. 6b, 

0023 FIG. 8 shows a schematic of control electronics for 
the monopole Source; and 
0024 FIG. 9 shows a schematic of control electronics for 
a dipole Source. 
0.025. While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments 
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thereof are shown by way of example in the drawings and 
will herein be described in detail. It should be understood, 
however, that the drawings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents and alternatives falling within the 
Spirit and Scope of the present invention as defined by the 
appended claims. 

NOTATION AND NOMENCLATURE 

0026 Certain terms are used throughout the following 
description and claims to refer to particular System compo 
nents and configurations. AS one skilled in the art will 
appreciate, companies may refer to a component by different 
names. This document does not intend to distinguish 
between components that differ in name but not function. In 
the following discussion and in the claims, the terms 
“including” and “comprising are used in an open-ended 
fashion, and thus should be interpreted to mean “including, 
but not limited to . . . . Also, the term “couple” or “couples” 
is intended to mean either an indirect or direct electrical 
connection. Thus, if a first device couples to a Second device, 
that connection may be through a direct electrical connec 
tion, or through an indirect electrical connection via other 
devices and connections. The terms upstream and down 
Stream refer generally, in the context of this disclosure, to the 
transmission of information from SubSurface equipment to 
Surface equipment, and from Surface equipment to SubSur 
face equipment, respectively. Additionally, the terms Surface 
and SubSurface are relative terms. The fact that a particular 
piece of hardware is described as being on the Surface does 
not necessarily mean it must be physically above the Surface 
of the earth; but rather, describes only the relative placement 
of the Surface and SubSurface pieces of equipment. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0027 FIG. 1a shows a well during drilling operations. A 
drilling platform 2 is equipped with a derrick 4 that Supports 
a hoist 6. Drilling of oil and gas wells is carried out by a 
string of drill pipes connected together by “tool joints 7 so 
as to form a drill string 8. The hoist 6 suspends a kelly 10 
that is used to lower the drill string 8 through rotary table 12. 
Connected to the lower end of the drill string 8 is a drill bit 
14. The bit 14 is rotated and drilling accomplished by 
rotating the drill String 8, or by use of a downhole motor near 
the drill bit, or by both methods. Drilling fluid, termed mud, 
is pumped by mud recirculation equipment 16 through 
supply pipe 18, through drilling kelly 10, and down through 
the drill String 8 at high pressures and Volumes to emerge 
through nozzles or jets in the drill bit 14. The mud then 
travels back up the hole via the annulus formed between the 
exterior of the drill string 8 and the borehole wall 20, 
through a blowout preventer (not specifically shown), and 
into a mud pit 24 on the Surface. On the Surface, the drilling 
mud is cleaned and then recirculated by recirculation equip 
ment 16. The drilling mud is used to cool the drill bit 14, to 
carry cuttings from the base of the bore to the Surface, and 
to balance the hydrostatic pressure in the rock formations. 
However, the system of FIG. 1a is not restricted to the use 
of mud as a drilling fluid. For example, in the case of under 
balanced drilling (UBD), other media such as aerated fluids 
or air/mist mixtures may be preferred over mud. 
0028. The acoustic logging tool shown in FIGS. 1a and 
1b may have programmable Sources that allow the tool to 
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generate monopole (n=1), dipole (n=2), quadrupole (n=4), 
hexapole (n=6) or any other n-pole (for n being an even 
number) signals. Each kind of n-pole signal provides dif 
ferent Sets of data that may be used to determine properties 
of the formation. Thus, for example, monopole Sources may 
be used to generate a monopole mode of propagation along 
borehole walls for determining the Velocities of compres 
Sional and shear waves. To confirm the accuracy of the 
compressional and shear wave Velocities, the logging tool 
may include dipole Sources for generating dipole mode of 
propagation along borehole walls. The dipole Source can 
produce a different data Set that may independently be used 
to determine the Velocities of compressional and Shear 
waves. A quadrupole Source may be used to determine 
formation properties during logging when modes of propa 
gation through the tool are interfering with collection of 
data. Monopole and dipole Sources may create modes of 
propagation through the tool even if the tool has isolators at 
the Source and receiver ends and in between the Source and 
receiver (described in more detail below). Acoustic Sources 
generating quadrupole Signals reduce tool modes because 
the tool modes of the quadrupole Signal cancel each other as 
they travel through the logging tool. 
0029. In accordance with some embodiments of the 
invention, programmable Sources in LWD acoustic logging 
tool 40 shown in FIG. 1a located in drill string 8 produce an 
acoustic Signal with a single mode of propagation along 
borehole walls 20. Receivers located in the LWD acoustic 
logging tool receive Signals traveling through the borehole, 
formation, and along the borehole walls. In Some embodi 
ments of the invention, the received signals are processed by 
processing circuitry in the logging tool to determine the 
amplitudes and time delays for the Source signal So that a 
Single mode of propagation is excited along the borehole 
walls. Formation data determined from the received signals 
is Sent to the Surface where it is transmitted through com 
munication interface 42 and communication link 44 to 
computer System 46. In Some embodiments, communication 
link 44 may be a telephone cable or a wireleSS connection to 
computer System 46. Computer System 46 includes a central 
processing unit (CPU) 47 coupled to a viewing device 48 
that, preferably, may be a computer display Screen to view 
the logging data and input device 50 that, preferably, may be 
a computer keyboard. 

0.030. In some embodiments of the invention, preliminary 
filtering and amplification of the received signal may be 
performed in the processing circuitry of the acoustic logging 
tool. Further processing to determine the Source Signal 
amplitudes and time delays So that a Single mode of propa 
gation is excited along the borehole walls may be done by 
computer System 46. Thus, the processing circuitry may be 
reduced in cost and complexity because it is used only for 
filtering and amplification of the received signal. 

0031 FIG. 1b shows the LWD acoustic logging tool in 
the drill string deviated towards the right 60 in the borehole. 
In Some embodiments of the invention, the LWD acoustic 
logging tool may not have mechanical centralizer fins or 
may have very Small fins for keeping the tool in the center 
of the borehole. In the logging while drilling environment, 
mechanical centralizers may cause interference in collection 
of logging data. For Some embodiments of the invention, 
mechanical centralizers may interfere with generation of a 
Single mode of propagation along borehole walls. 
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0032. Without mechanical centralizers, the acoustic log 
ging tool may not be in the center of the borehole as shown 
in FIG. 1b because the borehole is deviated. In some drilling 
Situations, to reach hydrocarbon deposits in hard to reach 
Sections of the formation, the drill String and acoustic 
logging tool may be in a horizontal borehole. The off-center 
location of the tool in the borehole interferes with collection 
of logging data because acoustic Sources are not able to 
generate a Signal With a single mode of propagation along 
borehole walls. 

0033) As shown in FIG. 1b, the borehole walls in sec 
tions 62 and 64 may not be uniformly circular. The noncir 
cular shape of the borehole can also interfere with the 
acoustic Sources ability to generate a signal with a single 
mode of propagation along the borehole walls. 

0034) Turning to FIG. 2, the affects of drilling noise 205 
on acoustic Signals with an n-pole mode of propagation is 
shown. Conventional drilling noise 205 appears with the 
n-pole Signal in the energy-frequency graph because the 
acoustic tool is logging as the drill bit drills the borehole. 
The energy-frequency graph shows the energy of the drilling 
noise and mode of propagation for each n-pole signal Source 
over a range of frequencies. The drilling noise is attenuated 
at approximately 5 Kilohertz (KHZ) 205 but interferes with 
the monopole 210, dipole 220, and quadrupole 230 propa 
gation modes in the borehole below 5 KHZ. Interference by 
the drilling noise may result in the monopole, dipole, and 
quadrupole modes of propagation becoming distorted as 
they travel along the borehole walls because the noise adds 
and Subtracts from the propagation modes. Hexapole 240 
and higher n-pole modes (not shown in FIG. 2) of propa 
gation are not affected as much by the drilling noise as the 
monopole, dipole, and quadrupole modes of propagation. 
Filtering of the drilling noise 205 from the propagation 
mode Signals is not effective because it filters out informa 
tion at the frequencies of the drilling noise that includes the 
monopole, dipole, and quadrupole modes as shown in FIG. 
2. To correctly receive data for propagation modes that are 
affected by drilling noise, the amplitude and time delays of 
the Source Signal may be modified as described below So that 
the propagation mode Signal along borehole walls has mini 
mal noise. 

0035 FIG. 2 also shows how each n-pole acoustic signal 
may be used to determine different formation properties. 
Low frequency acoustic Signals travel through the formation 
while high frequency acoustic signals generally travel in the 
mud and water in the borehole. Thus, for a low frequency 
Signal, the receivers receive a waveform that has traveled 
mostly through the formation. The Velocity of propagation in 
the formation V may therefore be determined by generating 
a low frequency monopole Signal at less than 5 KHZ as 
shown in FIG. 2. The velocity of propagation in the bore 
hole mud and water V may be determined by generating a 
high frequency f. dipole signal 225. Verification of V may 
be performed by generating a very high frequency f. 
monopole signal 245 as shown in FIG. 2. 

0036) Noise caused by drilling of the borehole as the 
acoustic tool is logging, the noncircular nature of the bore 
hole, and the acoustic tool located off-center in the borehole 
may result in the Signal along the borehole walls not having 
a single mode of propagation. For example, if the Sources 
generate monopole mode Signals, the interference may result 
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in monopole, dipole, and quadrupole modes excited along 
the borehole wall and received at the receivers. Separating 
out data Sets from the multiple mode arrivals may not be 
possible or inaccurate, resulting in incorrect formation prop 
erties. 

0037 FIG. 3 shows the LWD acoustic logging tool 300 
in more detail in accordance with Some embodiments of the 
invention for the drill string shown in FIGS. 1a and 1b. 
Preferably, electronics section 310 may contain the process 
ing circuitry shown in FIG. 6a or 6b that controls the 
Sources 320 in the tool 300 and processes the signal from the 
receivers 340. Electronics section 310 may send information 
to the communication interface 42 located on the Surface by 
using a phase-shift key (PSK) data transmission System. In 
the PSK transmission System, decreasing the carrier fre 
quency provides a Stronger Signal at the risk of aliasing, 
especially with wide bandwidth signals. However, the car 
rier frequency may be decreased while increasing the num 
ber of phase States to achieve a higher data rate, without 
affecting the bandwidth. The PSK data transmission system 
provides a robust, low-power electromagnetic telemetry 
System with an increased data rate. 

0.038. In some embodiments of the invention, electronics 
Section 310 enables the operation of the acoustic logging 
tool by controlling the triggering and timing of the acoustic 
Sources. A controller in the electronics section 310 fires the 
acoustic Sources periodically, thereby producing acoustic 
preSSure waves that propagate through the borehole fluid and 
into the Surrounding formation. At the borehole boundary, 
Some of the acoustic energy is converted into compressional 
waves that travel through the formation, and into Shear 
waves that propagate along the interface between the bore 
hole fluid and the formation. AS these waves propagate past 
the receiver array 350, they cause pressure variations that 
can be detected by the receiver array elements. Preferably, 
the receiver array Signals are processed in the digital Signal 
processor (DSP) circuitry 628 shown in FIG. 6a or 6b to 
determine the formation characteristics. In Some other 
embodiments of the invention, the receiver array Signals are 
processed on the Surface in computer System 46 to determine 
the formation characteristics. 

0.039 The source section 320 includes a monopole source 
323 and a pair of crossed-dipole sources 326. The monopole 
Source 323 includes a piezoelectric crystal of cylindrical 
geometry. The crystal is mounted in an arrangement that 
allows the transmitted acoustic energy to be essentially 
uniform around the circumference of the tool. The monopole 
Source is energized in the typical pulsed mode (described 
below with reference to FIG. 8), where an essentially pure 
monopole mode wave is emitted with a center frequency 
around 5-6 kHz and energy throughout the frequency band 
between 1 kHz and 12 kHz. This center frequency is 
between approximately a third and a half of the monopole 
Source frequency of traditional monopole tools. The lower 
frequency results in a much greater depth of investigation 
for the compressional wave and refracted Shear wave. The 
monopole Source is utilized for derivation of the refracted 
arrivals from the full wave acquisition, i.e. the compres 
Sional wave velocity (as well as other associated properties 
Such as energy, frequency content, etc.), the refracted shear 
wave Velocity and its associated wave properties, and the 
Stoneley wave Velocity with its own associated parameters. 
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0040. Each of the dipole sources 326 includes two trans 
ducers mounted on opposite sides of the tool 300. The 
crossed dipoles are mounted perpendicularly, So that 
together, the crossed dipoles form an on-depth quad arrange 
ment of transducers. Each of the four dipole Source trans 
ducers are preferably of the “bender bar” type, i.e. a flexible 
Surface having piezoelectric crystals on opposing Sides. AS 
the crystal on one side is driven to elongate, the crystal on 
the opposite side is driven to Shrink. This causes the assem 
bly to flex. Acoustic Signals are transmitted by flexing the 
Surface at the desired frequencies. The Signal frequency is 
programmable, as described below, but the Source transduc 
erS are preferably capable of Signal frequencies between at 
least 0.5 kHz to 3 kHz. 

0041. The orthogonal positioning of the bender bar 
Sources allows for a controlled X-X and Y-Y flexural 
wave generation. The Sources are mounted in a way Such 
that very little energy is coupled into the tool housing 
assembly, thus minimizing the excitation of unwanted 
acoustic waves in the tool itself. In addition, the Source 
mounting ensures that there is no croSS-excitation from one 
pair of the bender bars to the other, thus ensuring a proper 
acoustic dipole Signature. 

0042 Isolator section 330 in FIG. 3 contains an acoustic 
isolation component. The acoustic isolator Serves to attenu 
ate and delay acoustic waves that propagate through the 
body of the tool from the sources 320 to the receiver array 
340. Any standard acoustic isolator may be used. Preferably, 
the acoustic isolator can withstand 100,000 pounds force of 
push or pull, and provides for more than 90 dB of acoustic 
isolation over an extended frequency range, extending as 
low as about 500 Hz to 600 HZ. 

0043. In addition to the main isolator 330, additional 
acoustic wave isolatorS/absorbers are preferably placed on 
the receiver Section both at the ends and between Successive 
receiver sets (not shown in FIG.3). Finally, the mounting of 
the dipole Sources and the receivers themselves provides 
further isolation. The combination of all of the above allows 
the acoustic logging tool to properly acquire formation 
acoustic Signals in the Sub-kilohertz region, a region that is 
very close to the limit for the excitation of flexural waves. 
(The excitation function for the flexural waves exhibits a 
dramatic drop as the Source frequency is reduced to the area 
of 600 Hz to 1 kHz; source operating frequencies below that 
level will excite predominantly tube waves with very little, 
if any, flexural wave components.) 

0044) Configuration of the sources in the manner 
described and shown in FIG. 3 allows generation of a 
monopole mode as shown in FIG. 5A by the monopole 
Sources and generation of a dipole mode as shown in FIG. 
5B by the dipole sources. In one embodiment of the inven 
tion, acoustic logging tool 300 also contains a receiver array 
340 that consists of 16 receiver crystals arranged in four 
co-planar rings 350a-350d. In some other embodiments of 
the invention, the receiver array 340 consists of 32 receiver 
crystals arranged in eight co-planar rings. Each ring has four 
receiverS mounted perpendicular to the tool axis and evenly 
distributed at 90 degrees from each other. The circumferen 
tial positioning of the receiverS is preferably aligned with the 
dipole Sources So that there are two in-line arrays and two 
cross-line arrays for both the X-X and Y-Y dipole 
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Sources. In the dipole acquisition mode, the in-line receiver 
array and the croSS-line receiver array are each 2 by 8 
arrangements of receivers. 
0.045. In some embodiments, the receivers have a fre 
quency response from 0.5 kHz to about 20 kHz. The 16 
individual receivers are mounted in receiver pockets, 
slightly indented from the external Surface of the tool 
housing. Each receiver is individually pressure and tempera 
ture compensated to the full extent of the operating Speci 
fications for the tool (e.g., 20,000 psi, 175 degrees Celsius). 
This allows for easy wellsite maintenance if one of the 
receivers is damaged for any reason, without the need for 
elaborate oil filling or evacuation Stations. 
0.046 Preferably, the acoustic sources 320 and receiver 
array 340 are based on piezoelectric elements designed to 
operate in downhole conditions. However, many other 
Sources and detectors are Suitable for downhole operation, 
and may be used. 
0047 Receivers in co-planar rings 350a-350d allow 
determination of the arrival times and Velocities of acoustic 
Signals traveling in the borehole, in the formation, and along 
the formation walls. Monopole mode waves first arrive at 
receiver ring 350a and then the same waveform arrives at 
receiver ring 350b after a time t (t is time needed for 
waveform to travel distance from receiver ring 350a to 
receiver ring 350b). Since the distance between the receiver 
rings is known, the Velocity of the waveform in the forma 
tion V and along the borehole walls V, can be determined 
by using the time t. AS mentioned above, in alternative 
embodiments, eight levels of receiver arrays may be present 
allowing measurement of the Velocity of large wavelength 
Signals. 

0.048 FIG. 4 illustrates a top view of a cross-section of 
a non-circular borehole 410 with the acoustic logging tool 
40 off-center in the borehole. Borehole cross-section 410 
may be from a deviated or horizontal borehole as shown in 
FIG. 1b, making the acoustic logging tool 40 lean to one 
side. Thus, the center of the tool may be located at point 440 
and the approximate center of borehole 410 may be at point 
430. The drill bit attached to the drill string may cause 
indentation 425 in the borehole wall, making the borehole 
croSS Section non-circular. Thus, an n-pole Source may not 
generate an n-pole mode of propagation along borehole 
walls because the borehole is not circular and the tool is not 
in the center of the borehole as shown in FIG. 4. 

0049 Receivers at the same level receive the acoustic 
Signal at approximately the same time if the tool is centered 
in the borehole and the borehole is circular. If, as shown in 
FIG. 4, the tool is not in the center of the borehole and the 
borehole is not circular, receivers at the same level will not 
receive the acoustic Signal at the same time. This is because 
a signal generated by the Source closer to the borehole wall 
in logging tool 40 has less distance to travel to the receivers 
close to the borehole wall. The reflected signals from the 
borehole walls on the side of the tool that is the greatest 
distance from the wall must travel a larger distance to reach 
the wall and return to the receivers in the tool. Stacking the 
signals for receivers at the same level will show if all of the 
Signals have arrived at the same time. A signal arriving 
Sooner than the other signals indicates receivers in the tool 
closer to the wall and the appropriate delay may be pro 
grammed into the receivers. 
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0050. If the tool is not in the center of the borehole or the 
borehole is not circular as shown in FIG. 4, the amplitude 
of the Signals from the acoustic Sources will not be the same 
along the walls of the borehole. Because of the properties of 
the borehole mud, acoustic Signals are attenuated as they 
travel through the mud. The Signals generated by Sources 
farther away from the borehole wall are more attenuated 
than Signals generated by Sources closer to the wall. This is 
because Signals from farther Sources must travel a larger 
distance through the mud to reach the wall. Thus, the 
acoustic Signals generated by the Sources closest to the 
borehole wall will have larger amplitudes along the borehole 
walls compared to the Signals generated by Sources farthest 
from the borehole walls. The signal amplitudes should be the 
Same for an n-pole Signal with a single mode of propagation 
along the borehole walls. Thus, if the tool is not in the center 
of the borehole or the borehole is not circular, the amplitudes 
received by the receivers will not be the same. A received 
Signal with Smaller amplitude indicates Sources in the tool 
farther from the borehole wall; the amplitude level from the 
Source may be increased to compensate for the attenuation 
and produce a signal with a Single mode of propagation 
along the borehole walls. 

0051 Referring to FIGS. 5a-5d, these figures show 
croSS-Sections of the acoustic waveform pattern for mono 
pole, dipole, quadrupole and n-pole Signals, respectively, in 
the borehole 500 and along the borehole walls 410. In FIG. 
5a, the monopole waveform pattern radiates Sound equally 
in all directions and may be modeled as the cross Section of 
a sphere whose radius alternately expands and contracts 
Sinusoidally. 

0052 FIG. 5b shows a cross-section of the dipole signal 
in the borehole and along the borehole walls. The dipole 
waveform pattern may be considered two monopole wave 
forms of equal Strength but opposite phase and Separated by 
a Small distance compared with the wavelength of Sound. 
While one monopole waveform expands the other monopole 
waveform contracts. The dipole waveform pattern may be 
modeled as a sphere which oscillates back and forth, that is 
while the front is pushing outwards the back is Sucking 
inwards. A dipole waveform pattern does not radiate Sound 
equally in all directions. The waveform pattern appears like 
a figure eight-there are two regions 503 and 505 where 
sound is radiated very well, and two regions 507 and 510 
where Sound cancels. 

0053 FIG. 5c shows a cross-section of the quadrupole 
signal in the borehole and along the borehole walls. The 
quadrupole waveform pattern may be considered as two 
opposite dipole waveform patterns. The two dipole wave 
forms do not lie along the Same line, that is they may be 
modeled as four monopoles with alternating phase at the 
corners of a Square. Thus, the waveform pattern for quadru 
pole Signal looks like a clover leaf pattern-Sound is radiated 
well in front of each monopole “leaf'520,525,530, and 535, 
but sound is canceled at points 522, 527, 532, and 537 
equidistant from adjacent opposite monopole “leaves.” 

0054 Finally, referring to FIG. 5d., a cross-section of the 
n-pole Signal in the borehole and along the borehole walls is 
shown. The n-pole Signal is the generalized waveform 
pattern for dipole Signal, quadrupole signal, hexapole signal, 
octapole signal and So on. The n-pole waveform pattern may 
be considered as n/2 opposite dipole waveform patterns. The 



US 2006/0062082 A1 

n/2 dipole waveform patterns do not lie along the same line, 
that is they may be modeled as n monopoles with alternating 
phase at the corners of an n-sided polygon. Thus, the 
waveform pattern for a generalized n-pole Signal looks like 
a clover leaf pattern-Sound is radiated well in front of each 
monopole “leaf'540, 545, 550, 555,560, 565 and 570, but 
sound is canceled at points 541,542,547,552, 557, 562,563 
and 567 equidistant from adjacent opposite monopole 
“leaves. 

0055 Turning now to FIG. 6a, a block diagram of the 
processing hardware in the tool and on the Surface in 
accordance with Some embodiments of the invention is 
shown. A number of receivers 602, 604, 606 are each 
coupled to an analog-to-digital converter (ADC) 616, 618, 
620, respectively. The ADCs convert the analog acoustic 
Signals to digital binary bits. 

0056 Digital signal processor (DSP) 628 may process the 
received digital acoustic Signals to determine a time delay 
asSociated with any acoustic Signal reflections. AS part of the 
processing, DSP 628 may apply variable gain to compensate 
for attenuation, cross-correlate the receive signals with a 
Signal model, and distinguish primary borehole wall reflec 
tions from secondary reflections and “false' reflections 
caused by bubbles or debris. DSP 628 may further collect 
orientation measurements from an azimuth Sensor (not 
shown) and associate each time delay with an azimuth value. 
0057 Each time delay may be converted into a distance 
measurement, and the distance measurements may be com 
bined to determine borehole shape and size, along with tool 
position in the borehole. Statistics on borehole diameter, tool 
offset, and tool motion may also be calculated. The conver 
sion and combining may be performed downhole by DSP 
628, or Some of the processing may be performed on the 
Surface. In any event, the time delay and azimuth measure 
ments (and/or processed data) may be provided to a down 
hole modem 635 for transmission via a telemetry channel 
695 to a surface modem 638. A processor 642 collects the 
information, and stores the information in memory 640 
and/or a nonvolatile information Storage device (not shown). 
The processor 642 may also execute Software in memory 
640. As shown in FIG. 1a, CPU 47 may include modem 
638, memory 640, and processor 642. The Software may 
configure processor 642 to interact with a user via an output 
device 660 and an input device 644. Output device 660 may 
be a computer display screen 48 and the input device 644 
may be a computer keyboard 50 as shown in FIG. 1a. The 
user may be provided with a prompt and/or one or more 
options on output device 660, and may respond with com 
mands via input device 644. In response to Such input, the 
Software may configure the processor 642 to process the 
information collected from downhole and present the results 
to the user in graphical fashion. 

0.058 DSP 628 determines acoustic signals encoded in 
digital binary bits and Sends the binary encoded acoustic 
Signals to digital-to-analog converter (DAC) 622, 624 that 
convert the Signals into analog Signals for generation by 
sources 608, 609. DSP 628 may execute software or firm 
ware that implements the flowchart shown in FIG. 7 
(described in greater detail below) to produce an acoustic 
Signal having a single mode of propagation along borehole 
walls. In alternative embodiments of the invention, proces 
sor 642 may execute software that implements the flowchart 
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of FIG. 7 and DSP 628 may perform the functions as 
described in the paragraphs above. Receivers 602, 604, 606 
receive the acoustic signal generated by the sources 608, 609 
after the Signals have traveled through the formation, bore 
hole and along the borehole walls. Using the acoustic Signal 
velocity in the borehole as shown in FIG. 7, the DSP 628 
adjusts the acoustic signal So that the acoustic Signal has a 
Single mode of propagation along the borehole walls. The 
acoustic signal Velocity in the borehole is determined from 
acoustic Signal Velocity Sensor 626. 

0059. In some other embodiments of the invention shown 
in FIG. 6b, a number of acoustic transceivers 670, 672, 674 
that can function as both Source and receiver are coupled to 
a transceiver control Switch 678. The transceiver control 
Switch 678 configures the transceivers to operate in one of 
multiple arrangements. In a receive arrangement, the trans 
ceiver control Switch 678 couples each of the transceivers 
670, 672, 674 to a respective ADC 680, 682, 684. In a 
transmit arrangement, the transceiver control switch 678 
couples a selected one of the transceivers 670, 672, or 674 
to DAC 686, and isolates all transceivers 670, 672, 674 from 
their respective ADCs 680, 682,684. The transceiver control 
switch 678 operates under control of DSP 628. 

0060 DSP 628 controls the transmission of acoustic 
Signals and the reception of acoustic Signal reflections. AS 
part of the transmission process, DSP 628 may select an 
individual transceiver to be coupled to DAC 686. DSP 628 
may then provide a signal to the transceiver via the DAC 
686. As part of the receive process, DSP 628 may operate 
transceiver control switch 678 to couple each transceiver to 
a respective ADC. DSP 628 may then store the received 
signals in memory 630. 

0061 Turning now to FIG. 7, a flow chart of a technique 
for generating an acoustic Signal with a single mode of 
propagation that may be implemented by the Systems of 
FIG. 6a or FIG. 6b is shown. As mentioned above, the 
technique for generating an acoustic Signal with a single 
mode of propagation may be implemented in Software or 
firmware and executed by the DSP 628 or processor 642. In 
Some embodiments of the invention, firmware implementing 
the technique shown in FIG. 7 may be present in memory 
630 that may contain non-volatile electronically program 
mable read-only-memory (EPROM). Alternatively in some 
other embodiments, the software implementing FIG. 7 may 
be stored on a computer readable medium (not shown in 
FIG. 6a or 6b) for execution by processor 642. 
0062) The technique of FIG. 7 will be described with 
reference to FIG. 6as configuration of source and receivers. 
An n-pole acoustic Signal with n=1 (monopole), 2 (dipole), 
4 (cquadrupole) and So on for any even number n is produced 
in 710 by firing the sources 608, 609. In 720, the position of 
the acoustic logging tool in the borehole and shape of the 
borehole is determined using the acoustic Signal received at 
receivers 602, 604, 606 and the acoustic signal velocity from 
block 740. Calculation of the tool position and borehole 
shape, as described above, includes the DSP processing the 
received digital acoustic Signals to determine a time delay. 
Each time delay may be converted into a distance measure 
ment, and the distance measurements may be combined to 
determine borehole shape, along with tool position within 
the borehole. Next, in block 730, the DSP determines if the 
Signal along the borehole walls have a Single mode of 
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propagation. If the acoustic logging tool is in the center of 
the borehole and the borehole is circular as calculated in 
block 720, then the signal along the borehole walls will 
contain a single mode of propagation. Alternatively, another 
technique to determine if the Signal along the borehole walls 
has a single mode of propagation is to cross-correlate the 
Signal from the receivers with a known signal model of the 
n-pole (monopole, dipole, and So on) signal. If the signal 
along the borehole walls has a single mode of propagation, 
then the sources generate the acoustic signal in block 770 
that is the same as the signal generated in block 710. If the 
Signal along the borehole walls does not have a single mode 
of propagation, then in block 750 the time delays and 
amplitudes of pulses for the Sources is calculated Such that 
the Signal along the borehole walls has a Single mode of 
propagation. Determination of time delays and amplitudes 
for the acoustic Signal pulses are described with reference to 
FIG. 4 above. 

0.063 AS described below, the velocity of the acoustic 
signal in the borehole fluid in 740 may be needed to 
calculate the time delays and amplitudes of Signal pulses for 
the Sources. In accordance with one embodiment, the acous 
tic impedance of the borehole fluid may be found using 
reflections from a precise metal disk, and therefrom the 
density of the borehole fluid. Because the reverberation 
characteristics of an acoustic wave depend in part on the 
acoustic wave shape, the first reflection from the metal disk 
may be used to calibrate the measurement. A technique for 
determining a Velocity of the acoustic Signal in the borehole 
fluid includes generating an acoustic Signal within the bore 
hole fluid, receiving reflections of the acoustic Signal from 
the fluid, and analyzing a reverberation portion of the 
acoustic Signal to determine the Velocity. Analyzing the 
reverberation portion may include obtaining a theoretical 
reverberation Signal and relating the measured reverberation 
Signal with the theoretical reverberation signal to determine 
the velocity of the acoustic signal in the borehole fluid. The 
receiver Sees a waveform consisting of a loud initial reflec 
tion followed by an exponentially decaying reverberation 
Signal. If time t=0 is the time of generation of the acoustic 
wave at the Source, then the time T represents the transit 
time (the time for the travel of this acoustic wave to the 
metal disk and to the receiver). Since the distance is fixed 
and known, the transit time T, provides an indication of 
the acoustic Signal Velocity in the fluid. 

0064. In 760, acoustic signal pulses with the determined 
time delays and amplitudes are created. The time delayed 
and amplitude adjusted acoustic Signal is generated as 
shown in block 770 by driving the sources with the appro 
priate signal pulses. FIG. 8 provides a schematic for the 
control electronics of the monopole Source. These control 
electronics are more-or-leSS representative of existing acous 
tic tools. The monopole source 323 is coupled to the 
Secondary winding of a step-up transformer 804. (A tuning 
inductance 840 is commonly included to lower the resonant 
frequency of the signal.) The primary winding of trans 
former 804 is coupled to a capacitor 810, and a transistor 808 
momentarily closes the current loop between the primary 
winding and the capacitor 810. When transistor 808 is off, 
the capacitor 810 is charged by a Voltage Source via a 
resistance 812 (or a transistor or other current-limiting 
means). 
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0065 Transistor 808 is controlled by a controller 628. To 
“fire” the monopole source, the controller 628 asserts a 
control signal that turns transistor 808 on, thereby allowing 
capacitor 810 to discharge through the primary winding of 
transformer 804. This causes an oscillatory current in the 
Secondary winding. This oscillatory current is an electrical 
Signal that causes monopole Source 323 to generate an 
acoustic signal. 

0066. In some embodiments, controller 628 is a DSP 
(FIGS. 6a-6b) that executes software stored in an attached 
memory 630. The controller 628 may be coupled to an 
uphole communications module 635 (FIG. 6a-6b modem 
635) via a tool bus 833. A surface computer 47 (FIG.1a) can 
communicate with the controller 628 to read and change 
operating parameters of the controller 628 and of the soft 
ware algorithms. The monopole Source is fully program 
mable in all its aspects including frequency, amplitude, 
emitted wave signature, and wave duration. In addition to 
the programmability of the dipole Source characteristics, the 
electronics in the tool offer almost limitless control of the 
Source “firing Sequence and the timing between consecu 
tive firings. 

0067 FIG. 9 provides a schematic for the control elec 
tronics for a dipole Source. Unlike that of the monopole 
Source, the drive circuits for the dipole Source employ a 
linear driver configuration. Accordingly, the acoustic Signal 
generated by Source 326 closely tracks the analog signal 
generated by DAC 622 in response to a digital waveform 
provided by controller 628. The waveform may be stored in 
memory 630 or may be generated in accordance with the 
Software Stored therein. In an alternative embodiment, the 
waveform may be transmitted from the surface. 

0068 Dipole source 326 converts an electrical signal into 
an acoustic Signal through Voltage-induced expansion and 
contraction. The expansion and contraction of Source 326 
are respectively caused by positive and negative Voltage 
differences acroSS the terminals. Positive Voltage differences 
are induced in the secondary winding of transformer 905 
when transistor 909 turns on and transistor 911 is off. 
Conversely, negative Voltage differences are induced when 
transistor 911 turns on and transistor 909 is off. The control 
signals for transistors 909, 911 are provided from a rectifier/ 
splitter module 916 via amplifiers 913,915. 

0069. The rectifier/splitter module 916 splits an input 
Signal into two output signals. One of the output signals 
represents the input Signal when the input signal is positive, 
and equals Zero when the input signal is negative. The other 
output Signal represents the negative of the input Signal 
when the input Signal is negative, and equals Zero when the 
input Signal is positive. Thus, both output Signals are always 
positive or Zero. 

0070 The remaining portion of the control electronics for 
the dipole source is Summing amplifier 918. The output of 
Summing amplifier 918 is provided as the input Signal to 
rectifier/splitter module 916. The Summing amplifier has a 
non-inverting input, which is grounded, and an inverting 
input, which receives a weighted Sum of four Signals: the 
analog signal from DAC 622, the output of Summing ampli 
fier 918, and the voltages on the outer terminals of the 
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primary winding of transform 905. Each of the four signals 
is provided to the inverting input of Summing amplifier 918 
via a corresponding resistance 919, 920, 922, 924. The 
relative weights of resistances 919-924 are selected to cause 
the Voltages on the Outer terminals of the primary winding 
to track their respective portions of the analog signal as 
closely as possible. This design permits the use of high 
power rated MOSFET transistors (which are typically non 
linear devices) in a high-power linear amplifier. 
0071. The programmability of the acoustic logging tool 
makes possible a variety of improved logging methods. In 
one improved logging method, the controller 628 may be 
programmed with a dipole waveform that maximizes the 
Signal energy while minimizing the tool mode. That is, the 
programmed waveform may be a broadband Signal with 
frequency nulls at vibration modes of the tool body. 

0.072 Other parameters that are preferably programmable 
include: the firing rate, the digitizing interval (i.e. the 
Sampling frequency of the A/D converter), and the number 
of Samples acquired by each Sensor. 

0.073 For each of the improved logging methods, the 
adjusted parameters may be controlled from the Surface, 
either automatically or by manual control; or they may be 
controlled by the tool itself (e.g. using adaptive control 
mechanisms or algorithms). 

0074 The acoustic logging tool is fully combinable with 
all logging Suites, thus minimizing the number of logging 
trips required for formation evaluation. The low frequency 
monopole Source (compared to other full waveform and 
dipole Sonic tools) allows the compressional and shear wave 
Velocity measurements to be obtained within Similar depths 
of investigation, well beyond any near-wellbore altered 
region. And lastly, the on-depth crossed dipole Sources and 
transmitter firing Sequence, allows for all 16 dipole wave 
forms from the four level receiver array to be reliably used 
for anisotropy analysis without the need of depth shifting, or 
normalization of waveform data. 

0075 Returning to FIG. 7, acoustic signals after travel 
ing through the formation, borehole, and along the borehole 
walls are received at the receivers as shown in block 780. If 
the wavefield along the borehole wall is not the appropriate 
mode of propagation, then the time delays and amplitudes of 
the pulses are recalculated in block 750 and generated by the 
sources. The loop from block 790 to block 750 is performed 
until the wavefield along the borehole wall is the appropriate 
mode of propagation. Acoustic logging of the formation 
around the tool in the borehole is performed once the 
wavefield along the borehole wall has a single mode of 
propagation. The tool continues logging as the drill bit 
progresses through the formation. AS the logging tool is 
lowered into the next Section of the borehole, the technique 
of FIG. 7 is restarted from block 710 to determine if the next 
borehole Section is circular and the tool is in the center of the 
borehole. 

0.076 While the present invention has been described 
with respect to a limited number of embodiments, those 
skilled in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended claims 
cover all Such modifications and variations as fall within the 
true Spirit and Scope of this present invention. 
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1. A method for generating an acoustic Signal with a single 
mode of propagation along borehole walls, comprising: 

adjusting a first signal's amplitudes and time delays to 
produce a Second Signal if the first Signal traveling 
along borehole walls does not have a single mode of 
propagation; 

generating the Second Signal from one or more tool 
SOurceS, 

receiving the Second Signal at one or more receivers, and 
modifying the Second Signals amplitudes and time delayS 

if the Second Signal traveling along the borehole walls 
does not have the Single mode of propagation. 

2. The method of claim 1, further comprising: 
determine if the tool is in center of the borehole and the 

borehole is circular; and 

generating an n-pole signal from the one or more tool 
Sources if the first signal traveling along borehole walls 
has a single mode of propagation. 

3. The method of claim 2, wherein amplitudes and time 
delays of the first signal are adjusted if the tool is not 
centered in the borehole or the borehole is not circular. 

4. The method of claim 2, wherein amplitudes and time 
delays of the first signal are adjusted if the Sources are not 
matched or the receivers are not balanced. 

5. The method of claim 2, wherein the n-pole signal is 
from the group consisting essentially of a monopole Signal, 
dipole Signal, quadrupole Signal and hexapole Signal. 

6. The method of claim 2, wherein determining if the tool 
is in the center of the borehole and the borehole is circular 
comprises calculating position of the tool in the borehole 
and shape of the borehole from Signals received at the one 
or more receivers. 

7. The method of claim 2, wherein the legging tool 
couples to a drilling device that drills the borehole as the tool 
generates the Signal with a single mode of propagation along 
the borehole walls. 

8. The method of claim 1, wherein determining time 
delays and amplitudes of the Signals includes determining 
velocity of the signal in the borehole. 

9. A logging tool to generate an acoustic Signal in a 
borehole, comprising: 

one or more Sources capable of generating a first Signal; 

one or more receivers capable of receiving the first signal 
traveling along the borehole walls, and 

a processing device that couples to the Sources and 
receivers, 

Said processing device capable of adjusting the first 
Signals amplitudes and time delays to produce a Sec 
ond Signal if the Signal traveling along the borehole 
walls does not have a Single mode of propagation, the 
one or more Sources generating the Second Signal. 

10. The logging tool of claim 9, further comprising: 

a computer System that couples to the processing device, 
Said computer System capable of determining hydro 
carbon properties of a formation from the received 
Signal. 
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11. The logging tool of claim 10, further comprising: 
a communication device that connects the processing 

device to the computer System. 
12. The logging tool of claim 9, wherein the first Signal is 

an n-pole Signal. 
13. The logging tool of claim 12, wherein the n-pole 

Signal is from the group consisting essentially of a monopole 
Signal, dipole signal, quadrupole Signal, and hexapole signal. 

14. The logging tool of claim 9, wherein the first signals 
amplitudes and time delays are adjusted if the tool is not 
centered in the borehole or the borehole is not circular. 

15. The logging tool of claim 9, wherein the first signals 
amplitudes and time delays are adjusted if the Sources are 
not matched or the receivers are not balanced. 

16. The logging tool of claim 9, wherein the logging tool 
couples to a drilling device that drills the borehole as the 
logging tool generates the acoustic Signal. 

17. A logging tool to generate an acoustic Signal with a 
Single mode of propagation along walls of a borehole, 
comprising: 

one or more Sources capable of generating a first Signal; 
one or more receivers capable of receiving the first Signal 

traveling along the borehole walls, and 
a computer System that couples to the Sources and receiv 

erS, 

Said computer System capable of adjusting the first Sig 
nal's amplitudes and time delays to produce a second 
Signal if the first Signal traveling along the borehole 
walls does not have a Single mode of propagation, the 
one or more Sources generating the Second Signal. 

18. The logging tool of claim 17, further comprising: 
a processing device that couples to the Sources and 

receivers, and 
a communication device that connects the processing 

device to the computer System. 
19. The logging tool of claim 17, wherein the first signal 

is an n-pole Signal. 
20. The logging tool of claim 19, wherein the n-pole 

Signal is from the group consisting essentially of a monopole 
Signal, dipole signal, quadrupole Signal, and hexapole signal. 

21. The logging tool of claim 17, wherein the logging tool 
couples to a drilling device that drills the borehole as the 
logging tool generates the acoustic Signal. 

22. A machine-readable medium that provides instruc 
tions, which when executed by a machine, cause Said 
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machine to perform operations for generating an acoustic 
Signal with a single mode of propagation along borehole 
walls comprising: 

adjusting a first signal's amplitudes and time delays to 
produce a Second Signal if the first Signal traveling 
along borehole walls does not have a single mode of 
propagation; 

generating the Second Signal from one or more tool 
SOurceS, 

receiving the Second Signal at one or more receivers, and 
modifying the Second Signals amplitudes and time delayS 

if the Second Signal traveling along the borehole walls 
does not have the Single mode of propagation. 

23. The machine-readable medium of claim 22, further 
comprising: 

determining if the tool is in center of the borehole and the 
borehole is circular; and 

generating an n-pole signal from the one or more tool 
Sources if the first signal traveling along borehole walls 
has a single mode of propagation. 

24. The machine-readable medium of claim 23, wherein 
amplitudes and time delays of the first signal are adjusted if 
the tool is not centered in the borehole or the borehole is not 
circular. 

25. The machine-readable medium of claim 23, wherein 
amplitudes and time delays of the first signal are adjusted if 
the Sources are not matched or the receivers are not bal 
anced. 

26. The machine-readable medium of claim 23, wherein 
the n-pole Signal is from the group consisting essentially of 
a monopole signal, dipole signal, quadrupole signal, and 
hexapole Signal. 

27. The machine-readable medium of claim 23, wherein 
determining if the tool is in the center of the borehole and the 
borehole is circular comprises calculating position of the 
tool in the borehole and shape of the borehole from signals 
received at the one or more receivers. 

28. The machine-readable medium of claim 23, wherein 
the tool couples to a drilling device that drills the borehole 
as the tool generates the Signal with a signal mode of 
propagation along the borehole walls. 

29. The machine-readable medium of claim 22, wherein 
determining time delays and amplitudes of the Signals 
includes determining Velocity of the Signal in the borehole. 

30. (canceled) 


