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METHOD AND APPARATUS OF USING 
CROSSED MAGNETIC FIELDS FOR 
MEASURING CONDUCTIVITY, 
PERMEABILITY AND POROSITY 

BACKGROUND OF THE PRESENT 
DISCLOSURE 

[0001] 1. Field ofthe Disclosure 
[0002] The present disclosure relates generally to geologi 
cal exploration in Wellbores. More particularly, the present 
disclosure describes an apparatus, a machine-readable 
medium, and a method useful for obtaining measurements 
made in crossed-magnetic ?elds that can be used to determine 
formation properties. 
[0003] 2. Description of the Related Art 
[0004] A variety of techniques are currently utiliZed in 
determining the presence and estimating quantities of hydro 
carbons (oil and gas) in earth formations. These methods are 
designed to determine formation parameters, including, 
among other things, the resistivity, porosity, and permeability 
of a rock formation surrounding a Wellbore drilled for recov 
ering the hydrocarbons. Typically, the tools designed to pro 
vide the desired information are used to log the Wellbore. 
Much of the logging is done after the Wellbores have been 
drilled. 
[0005] Extensive Work has been done in the determination 
of formation properties using nuclear magnetic resonance 
(NMR) methods. In the NMR method, a magnetic ?eld is 
applied to formation Which aligns the nuclear spins in a direc 
tion parallel to the magnetic ?eld. The formation is then 
pulsed With a pulsed radio frequency magnetic ?eld orthogo 
nal to the static magnetic ?eld Which changes the direction of 
the nuclear spins. Signals resulting from precession of the 
nuclear spins are measured, and With proper selection of the 
pulsing parameters, various formation properties such as 
porosity and diffusivity can be measured. There has been little 
recognition of measurements other than NMR measurements 
that can be made in crossed-magnetic ?elds. US. patent 
application Ser. No. 11/696,461 of Tabarovsky et al., having 
the same assignee as the present disclosure and the contents of 
Which are incorporated herein by reference, teaches and 
claims a method of determining a resistivity parameter of an 
earth formation through casing using acoustic measurements 
in crossed-magnetic ?elds. The present disclosure is related 
to determination of other properties using measurements in 
crossed-magnetic ?elds. 

SUMMARY OF THE DISCLOSURE 

[0006] One embodiment of the disclosure is a method of 
evaluating an earth formation. A static magnetic ?eld is pro 
duced in the formation from Within a borehole and an oscil 
lating magnetic ?eld having a component substantially 
orthogonal to a direction of the static magnetic ?eld is pro 
duced. Measurement is made of a velocity of motion of a Wall 
of the borehole resulting from the produced oscillating mag 
netic ?eld. Using an amplitude of the measured velocity of 
motion, and tWo of the folloWing three quantities: (I) an 
electrical conductivity of the formation, (II) a porosity of the 
formation, and (III) a permeability of the formation, the third 
of the three quantities is estimated. The estimation of the third 
of the three quantities may be done using a product of a 
magnitude of the static magnetic ?eld and a magnitude of the 
oscillating magnetic ?eld. The third of the three quantities 
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may be a permeability of the formation and the method may 
include measuring the porosity of the formation and measur 
ing the electrical conductivity of the formation. The third of 
the three quantities may be the electrical conductivity of the 
formation and the method may include measuring the poros 
ity of the formation and measuring the permeability of the 
formation. The third of the three quantities may be the poros 
ity of the formation and the method may further include 
measuring the electrical conductivity of the formation and 
measuring the permeability formation. Producing the static 
magnetic ?eld and the oscillating magnetic ?eld may be done 
by positioning a magnet and an antenna coil on a pad in 
contact With a Wall the borehole. Producing the static mag 
netic ?eld and the oscillating magnetic ?eld may be done by 
positioning a magnet and an antenna coil on a stabiliZer in 
contact With the Wall of the borehole. Producing the static 
magnetic ?eld may be done using a magnet arrangement to 
provide an axisymmetric magnetic ?eld. The oscillating mag 
netic ?eld may produce a guided borehole Wave. Estimating 
the third of the three quantities may be done by solving a 
biquadratic equation. 
[0007] Another embodiment of the disclosure is an appa 
ratus for evaluating an earth formation. The apparatus 
includes a magnet arrangement con?gured to produce a static 
magnetic ?eld in the formation from Within a borehole. An 
antenna is con?gured to produce an oscillating magnetic ?eld 
having a component substantially orthogonal to a direction of 
the static magnetic ?eld. An acoustic sensor is con?gured to 
provide a measurement of a velocity of motion of a Wall of the 
borehole resulting from the produced oscillating magnetic 
?eld. The apparatus also includes a processor con?gured to 
use an amplitude of the measured velocity of motion and tWo 
of the folloWing three quantities: (I) an electrical conductivity 
of the formation, (II) a porosity of the formation, and (III) a 
permeability of the formation, to estimate the third of the 
three quantities. The processor may be further con?gured to 
estimate the third of the three quantities by using a product of 
a magnitude of the static magnetic ?eld and a magnitude of 
the oscillating magnetic ?eld. The third of the three quantities 
may be include a permeability of the formation, and the 
apparatus may further include at least one device con?gured 
to measure the porosity of the formation and measure the 
electrical conductivity of the formation, and the processor 
may be further con?gured to use the output of the at least one 
device for estimating the permeability. The third of the three 
quantities may include an electrical conductivity of the for 
mation, and the apparatus may further include at least one 
device con?gured to measure the porosity of the formation 
and measure the permeability of the formation. The third of 
the three quantities may include a porosity of the formation, 
and the apparatus may further include at least one device 
con?gured to measure the electrical conductivity of the for 
mation and measure the permeability of the formation. The 
magnet and the antenna may be positioned on a pad in contact 
With a Wall of the borehole. The magnet and antenna may be 
positioned on a stabiliZer in contact With a Wall of the bore 
hole. The magnet arrangement may be further con?gured to 
produce an axisymmetric magnetic ?eld Which generates a 
guided borehole Wave. The processor may be further con?g 
ured estimate the third of the three quantities by solving a 
biquadratic equation. 
[0008] Another embodiment of the disclosure is a computer 
readable medium for use With an apparatus for evaluating an 
earth formation. The apparatus includes a magnet arrange 
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ment con?gured to produce a static magnetic ?eld in the 
formation from Within a borehole. The apparatus also 
includes an antenna con?gured to produce an oscillating 
magnetic ?eld having a component substantially orthogonal 
to a direction of the static magnetic ?eld, and an acoustic 
sensor con?gured to produce a measurement of a velocity of 
motion of a Wall of the borehole resulting from the produced 
oscillating magnetic ?eld. The medium includes instructions 
Which enable a processor to use an amplitude of the measured 
velocity of motion, a product of a magnitude of the static 
magnetic ?eld and a magnitude of the oscillating magnetic 
?eld, and tWo of the following three quantities: (I) an electri 
cal conductivity of the formation, (II) a porosity of the for 
mation, and (III) a permeability of the formation, to estimate 
the third of said three quantities. The medium may include a 
ROM, an EPROM, an EAROM, a ?ash memory, and/or an 
optical disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present claimed subject matter may be better 
understood by reference to one or more of these draWings in 
combination With the description of embodiments presented 
herein. Consequently, a more complete understanding of the 
present embodiments and further features and advantages 
thereof may be acquired by referring to the folloWing descrip 
tion taken in conjunction With the accompanying draWings, 
Wherein: 
[0010] FIG. 1 shoWs an exemplary apparatus suitable for 
performing the method of the present disclosure conveyed 
Within a Wellbore having a casing; 
[0011] FIG. 2 schematically illustrates a magnet con?gu 
ration of a resistivity apparatus suitable for use With the 
present disclosure; 
[0012] FIG. 3 schematically illustrates a resistivity appara 
tus suitable for use With the present disclosure, having the 
magnet con?guration of FIG. 2; 
[0013] FIG. 4 schematically illustrates the coordinate sys 
tem used in the discussion herein; 
[0014] FIG. 5 shoWs an embodiment of the disclosure for 
Wireline use With pad-mounted sensors; 
[0015] It is to be noted, hoWever, that the appended draW 
ings illustrate only typical embodiments of the present 
claimed subject matter and are, therefore, not to be consid 
ered as limiting the scope of the present claimed subject 
matter, as the present claimed subject matter may admit to 
other equally effective embodiments. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0016] Illustrative embodiments of the present claimed 
subject matter are described in detail beloW. In the interest of 
clarity, not all features of an actual implementation are 
described in this speci?cation. It Will of course be appreciated 
that in the development of any such actual embodiment, 
numerous implementation-speci?c decisions must be made 
to achieve the developers’ speci?c goals, such as compliance 
With system-related and business-related constraints, Which 
may vary from one implementation to another. Moreover, it 
Will be appreciated that such a development effort might be 
complex and time-consuming, but Would nevertheless be a 
routine undertaking for those of ordinary skill in the art hav 
ing the bene?t of the present disclosure. 
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[0017] FIG. 1 shoWs an exemplary apparatus suitable for 
performing the method of the present disclosure conveyed 
Within a Wellbore having a casing. FIG. 1 shoWs a rig 110 on 
a surface 111 and positioned over a subterranean earth for 
mation ofinterest 120. The rig 110 may be a part ofa land Well 
production/construction facility or an offshore Well produc 
tion/construction facility. A Wellbore 114 formed beloW the 
rig 110 may include a cased portion 116 and/or an open hole 
portion 118. In certain instances (e.g., during drilling, 
completion, Work-over, and the like), a logging operation 
may be conducted to collect information relating to the earth 
formation 120 and/ or the Wellbore 114. Typically, a tool sys 
tem 100 may be conveyed doWnhole via an umbilical 130 to 
measure one or more parameters of interest relating to the 

earth formation 120, such as resistivity. The term “umbilical” 
as used hereinafter includes a cable, a Wireline, slickline, drill 
pipe, coiled tubing, or other devices suitable for conveying 
the tool system 100 into the Wellbore 114. The tool system 
100 may include one or more modules 102a, 1021) each of 
Which has a tool or a plurality of tools 104a, 1041) adapted to 
perform one or more doWnhole tasks. The term “module” 
includes a device such as a sonde or sub that is suited to 

enclose or otherWise support a device that is to be deployed 
into the Wellbore. While tWo proximally positioned modules 
and tWo associated tools are shoWn, it should be understood 
that any ?nite number may be used. 

[0018] The tool 104a may be a formation evaluation (FE) 
tool adapted to measure one or more parameters of interest 
relating to the earth formation and/ or the Wellbore. The term 
formation evaluation (FE) tool encompasses measurement 
devices, sensors, and other like devices that, actively or pas 
sively, collect data about the various characteristics of the 
earth formation 120, directional sensors for providing infor 
mation about the tool system 100 orientation or direction of 
movement, formation testing sensors for providing informa 
tion about the characteristics of the reservoir ?uid or for 
evaluating the reservoir conditions. The formation evaluation 
(FE) sensors may include resistivity sensors for determining 
the earth formation 120 resistivity or dielectric constant of the 
earth formation or the presence or absence of hydrocarbons; 
acoustic sensors for determining the acoustic porosity of the 
earth formation and the bed boundary in the earth formation; 
nuclear sensors for determining density of the earth forma 
tion, nuclear porosity and/or certain rock characteristics; or 
nuclear magnetic resonance (NMR) sensors for determining 
the porosity and/or other petrophysical characteristics of the 
earth formation. The direction and position sensors may 
include a combination of one or more accelerometers, gyro 
scopes, or magnetometers. The accelerometers preferably 
may provide measurements along three axes, in particular 
along three substantially mutually perpendicular axes. The 
formation testing sensors may collect earth formation ?uid 
samples and determine the properties of the ?uid, Which may 
include physical or chemical properties. Pressure measure 
ments may provide information about certain characteristics 
of the reservoir. 

[0019] The tool system 100 may include telemetry equip 
ment 150, a local or doWnhole processor or controller 152, 
and a doWnhole poWer supply 154. The telemetry equipment 
150 may provide tWo-Way communication for exchanging 
data signals betWeen a surface controller or processor 112 and 
the tool system, as Well as for transmitting control signals 
from the surface controller to the tool system. 
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[0020] A ?rst module 102a may include a ?rst tool 104a 
con?gured to measure a ?rst parameter of interest and a 
second module 1021) may include a second tool 104!) that is 
con?gured to measure a second parameter of interest. In order 
to execute their assigned tasks, the ?rst tool and the second 
tool may be in different positions. The positions can be With 
reference to an object such as the Wellbore 114, a Wellbore 
Wall 115, or other proximally positioned tooling. The term 
“position” may be understood to encompass a radial position, 
an inclination, and/or an aZimuthal orientation. In the illus 
tration of FIG. 1, the longitudinal axis 11411 of the Wellbore 
(“the Wellbore axis”) is used as a reference axis to describe the 
relative radial positioning of the tools 104a, 1041). Other 
objects or points may also be used as a reference frame 
against Which movement or position can be described. More 
over, the tasks of the tools may change during a Wellbore 
related operation. Generally speaking, the tool may be 
adapted to execute a selected task based on one or more 

selected factors. These factors may include, but may not be 
limited to depth, time, changes in earth formation character 
istics, and/or the changes in tasks of other tools. 
[0021] In an exemplary embodiment, the modules 102a and 
1021) may each be provided With positioning devices 140a, 
140b, respectively, Which are con?gured to maintain the 
respective modules 102a, 1021) at selected radial positions 
relative to a reference position (e.g., the Wellbore axis 114a). 
The positioning devices may also adjust the radial positions 
of the respective modules upon receiving one or more surface 
command signals or automatically in a closed-loop type man 
ner. These selected radial positions may be maintained or 
adjusted independently of the radial position(s) of an adjacent 
doWnhole device (e.g., measurement tools, sonde, module, 
sub, or other like equipment). An articulated member, such a 
?exible joint 156 that couples the respective modules to the 
tool system may provide a degree of bending or pivoting to 
accommodate the radial positioning differences betWeen 
adjacent modules or other equipment (for example, a proces 
sor sonde). One or more of the positioning devices may have 
?xed positioning members. 
[0022] FIG. 2 and FIG. 3 illustrate a magnetic ?eld genera 
tor 250 of an illustrative device 305 suitable for use With the 
exemplary embodiment. One or more of magnets 232 and 234 
may be magnetiZed in an axial direction along a vertical axis 
205. The magnet may be positioned in opposing directions, 
With same magnetic poles, such as the north magnetic poles of 
the tWo magnets facing one another, thereby producing a 
toroidal region 240 of substantially homogeneous radial mag 
netic ?eld 210 substantially perpendicular to the pair of axi 
ally aligned magnets. The one or more of the magnets may be 
electromagnets or permanent magnets. The applied static 
magnetic ?eld may be generated using the one or more mag 
nets. The orientation of the one or more magnets may be 
sWitched to reverse the orientation of the applied static mag 
netic ?eld. The static magnetic ?eld and the oscillating mag 
netic ?eld produced by this con?guration are axisymmetric. 
The oscillating magnetic ?eld is produced by an antenna coil 
depicted by 350 and has the direction denoted by 280. 
[0023] Distance 255 from substantially the middle of the 
toroidal region 240 to the vertical axis 205 may depend upon 
a distance 260 betWeen respective faces of the like poles of the 
magnets 232 and 234. Rock pores (not shoWn) in an earth 
formation 215 may be ?lled With a ?uid, such as Water or 
hydrocarbons. 
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[0024] Referring next to FIG. 3, the device 305 described in 
Tabarovsky includes one or more acoustic receivers 340 

capable of measuring a propagating acoustic Wave in the 
borehole. The device 305 may also include a magnetic ?eld 
generator 250 capable of applying the magnetic ?eld 210 to 
the earth formation. The device 305 may also include the one 
or more processors (112, 152 of FIG. 1) capable of determin 
ing a parameter of the earth formation 215 from the measure 
ments of the acoustic Wave as discussed beloW. The method of 
the present disclosure does not need the acoustic transducers 
described in Tabarovsky for generating acoustic Waves in the 
borehole. 

[0025] The illustrative device 305 may be a component of a 
Wireline measurement tool system 300 further including the 
Wireline 130 and the rig 110 (FIG. 1) capable of conveying the 
resistivity device 305 into the borehole 114. Alternatively, the 
device may be part of a bottomhole assembly (BHA) con 
veyed on a drilling tubular into the borehole. Collectively, the 
Wireline tool system and the BHA may be referred to as a 
doWnhole assembly. 
[0026] Turning noW to FIG. 4, the coordinate system use in 
the discussion beloW is shoWn. 401 represents the interface 
betWeen a ?uid ?eld borehole 403 and a porous formation 
405. A static magnetic ?eld B0 is applied normal to the inter 
face 401. An oscillating magnetic ?eld B 1 is applied With a 
component parallel to the interface. 
[0027] For the geometry shoWn, it can be shoWn that mag 
netoacoustic processes for the quasistationary electromag 
netic ?eld are described by this set of equations: 

Here, u and v are velocities of the elastically deformed matrix 
and ?uid in the x- and y-directions respectively, B0 is the 
external static magnetic ?eld, /\is vector product, and OS and 
(II are conductivities of the matrix and a ?uid, and p0; and p0,Z 
are respective partially densities. 
[0028] Equations that for late the amplitude the amplitude 
of the magnetic ?eld B 1 and velocities u and v contain four 
parameters 

K 
as = E —l1EP0,S, a4 = IIEPOJ, 0' = 0'1 +0}, P0 =P0,1+P0,S 

determined by elastic modules K:2p./3+7t, u, as, Which, in 
their turn, are de?ned through tWo longitudinal c I 1 , c 12 and one 

transverse velocities of sound ct 
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Where 

These equations contain a kinetic parameter X, Which deter 
mined the force of friction betWeen the matrix and the ?uid. 

[0029] In the simplest case of a nonconducting matrix 
(05:0) of eqn. (1) the following 1D shape of amplitudes of 
propagation of magnetoacoustic Waves is alloWed: 

[0030] BO:(BO, 0, 0), Bl:(0, By, B2), 
[0031] v:(0, vy, vZ), u:(0, uy, uZ). 

[0032] In this case, as it folloWs from (1), equations split 
into a set of tWo groups of independent equations: 

681 c2 6281 e 

Which describe propagation of independent elastic shear 
Waves excited by the quasistationary magnetic ?eld. Because 
the conductivity of the containing matrix is Zero, shear Waves 
in the system are caused by the force of friction betWeen the 
?uid and the elastic matrix Which contains it, GIpOJX, EIpO, 
1/ p0,:' 
[0033] Let us consider the ?rst group of Waves and discuss 
basic features of excitation of plane harmonic Waves With 
angular frequency w: 

Whose amplitudes depend on the coordinates as it is described 
by this set of differential equations: 

2 2 62 141 v (3) 
w 141 + c, — + 055M141 — v1) = 0, 

6x2 
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As We derive the velocity of the ?uid component from the 
second equation, 

it becomes convenient to express system (3) as a set of tWo 
equations: 

62141 m2 1255 saw B6 68 (4) 
— + — f '41 + m — = , 

6x2 0,2 w + up (a) + Mu) 47rp0 [0,2 6x 

115 6141 2 v 
vi — D— + MuB : O. 

(a) + Mu) 6x 6x2 

[0034] 
BZIBOB 

Eqn. (4) de?nes a measureless magnetic ?eld 

and this parameter 

2 v 2 
CE 1180 

The latter equation serves as the key equation for ?nding 
deformation rate of the matrix through the measureless mag 
netic ?eld 

6141 va) A (5) 

5 

Which, in turn, is found from a linear differential equation of 
the fourth order A linear differential operator is introduced 
into these equations 

As We have the solution of equation (6) for the magnetic ?eld, 
the deformation rate for the porous matrix is calculated by 
taking an integral (5). For an in?nite half-space x>0 solutions 
Which attenuate exponentially are of interest. 

B~a?>i (7) 

Substituting eqn. (7) into eqn. (6) gives a biquadratic alge 
braic equation for all possible exponents [3. We are interested 
in solutions of this equation: 

VM] 8% liswzw 2 (8) 

containing positive real parts 

[0035] The ?nal Way of Writing out these solutions is con 
venient for calculating roots at small values of the external 
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stationary longitudinal magnetic ?eld BO. Biquadratic eqn. 
(8) has tWo roots With positive real parts 

M1 = 133% +112‘), M2 = 133% +112). 

Constants N12, N22 are determined from the boundary condi 
tions 

310 (w) 

The ?rst condition identi?ed the presence of the external and 
alternating magnetic ?eld at the boundary surface x:0 
The second condition means that no tangential forces are 
applied to the surface. Simple calculations enable us to Write: 

[0037] The ?rst solution determines the process of hoW the 
alternating magnetic ?eld penetrates the porous medium; the 
second determines acoustic Waves generated during this pro 
cess of penetration, in the presence of the stationary longitu 
dinal (directed along the Wave propagation axis) magnetic 
?eld. First, note that according to equation (8), this situation 
leads to excitation of tWo shear Waves. A superposition of 
these Waves gives the deformation rate for the matrix at the 
boundary x:0: 

Let us discuss dependence of the deformation rate upon the 
amplitude of the magnetic ?eld at small values of this ratio 
BO2/4s'cpOJct2. 
Eqn. (8) can be expressed as: 
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-continued 
12552 w 

Roots can be expressed as a series for a dimensionless vari 
able 2: 

and expanded according to power 2 

c3 c? (a) + [25)0? 

In the Zero order approximation, eqn. (9) becomes 

(AO+7»1)(AO+7t2O):0, 

ie in the Zero-approximation We have tWo roots for [32 

[52 IAOI-AI, [5ZIAOI-MO 

[0038] In the next approximation We get: 

A0140 — A21(A0 + A1) 

Thus, We have tWo roots With linear accuracy for Z 

As We noW have roots, let us calculate M1, M2 

M2 2, 
i i *1 

swwz 05w v ammo: v 

(a) + my 

M1: 

[0039] In the expansion for M1 only the main order is pre 
served. As a result, We get the folloWing for this main order: 

For fairly small amplitudes of the magnetic ?elds and 
6/u)>>l We have 

(1 +5)”, 
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In the same approximation We get this asymptotic formula: 

IMAX = 0)| = 

describing the behavior of the deformation rate of the porous 
matrix at the boundary. 

[0040] Eqn. (10) gives the result that the deformation rate 
depends on the amplitudes of the applied magnetic ?elds (to 
be exact, on their product), electric conductivity, porosity, and 
permeability. Based on the realiZation, there are at least three 
methods of using the result. 

[0041] In a ?rst embodiment, knoWing the amplitudes of 
the magnetic ?elds, porosity, and permeability, We can ?nd 
the electric conductivity of the porous medium. The porosity 
may be determined using, for example, a neutron porosity 
logging tool; the permeability may be determined using ?oW 
tests. In a second embodiment, knoWing the amplitudes of the 
magnetic ?elds, the electric conductivity and permeability, 
We can ?nd porosity of the medium. In a third embodiment, 
knoWing the amplitudes of the magnetic ?elds, porosity, and 
conductivity, We can ?nd permeability of the medium. The 
third embodiment is probably of the most practical interest 
since permeability determination using ?oW tests is very time 
consuming. See, for example, U.S. Pat. No. 5,708,204 to 
Kasap. In each of the embodiments, the determined results 
may be recorded on a suitable medium. In each of the three 
embodiments, the determined results may be used in reservoir 
development and evaluation. 
[0042] As an example, let the frequency of the excitation of 
the system be 00:62.8 s_l. The conductivity of the medium is 
0:1010 l/s . Assuming the shear velocity of sound to be 
c7105 cm/ s. We may estimate the electrodynamic constant to 
be c53101O cm/s. The ratio of partial densities is 6:01. In 
this case the value (xO~0.l4, that is, very small. If magnetic 
?elds BZO(u)), BO~l03 Gs, then, for the density of the system 
po~2.7 g/cm3, We get the deformation rate on the surface of 
the containing matrix 

Velocities of this magnitude are measurable. Further increase 
of the deformation rate may be related to the increase is 
related to the increase in amplitudes of the magnetic ?eld, 
both alternating BZO(u)) and stationary B0. The side-looking 
Wireline NMR tool disclosed in Us. Pat. No. 6,348,792 to 
Beard et al., having the same assignee as the present disclo 
sure and the contents of Which are incorporated herein by 
reference, is capable of producing a static magnetic ?eld of 
the order of 2000 Gauss and an RF magnetic ?eld of the order 
of 20 Gauss, so that larger velocity of particle motion is 
possible. In the device of Beard, the magnet arrangement used 
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to produce the static magnetic ?eld and the antennas are on a 
body of the logging tool and can be positioned against the 
borehole Wall. 
[0043] There are different Ways in Which the method can be 
implemented. A simple Wireline implementation is illustrated 
in FIG. 5. ShoWn therein is a logging tool 530 With sensor 
assembly 503 on a pad 501. The sensor assembly includes a 
magnet positioned to generate the static magnetic ?eld B0 and 
an antenna coil used to generate an oscillating magnetic ?eld 
B 1. An MWD implementation (not shoWn) could have been 
sensors mounted on stabiliZers. 

[0044] The magnet con?guration shoWn in FIG. 3 can be 
used in both Wireline and MWD implementation. U.S. Pat. 
No. 6,247,542 to Kruspe et al., having the same assignee as 
the present disclosure and the contents of Which are incorpo 
rated herein by reference, discloses a magnet con?guration 
for NMR applications using a sleeve. The sensor assembly 
may be part of a bottomhole assembly conveyed on a drilling 
tubular. The same con?guration may be used for the present 
disclosure. It should further be noted that While Kruspe dis 
closes a non-rotating sleeve, this should not be construed as a 
limitation. 
[0045] Those versed in the art Would recogniZe that the 
shear Wave produced by the method disclosed above Would be 
a Stoneley Wave. Furthermore, in the centraliZed tool con 
?guration of FIG. 2 is used, the radial motion generated at the 
borehole Wall Would produce a borehole Wave With radial 
motion. The borehole Wave can be measured by the central 
iZed detectors 
[0046] Implicit in the processing ofthe data is the use ofa 
computer program implemented on a suitable machine read 
able medium that enables the processor to perform the control 
and processing. The machine readable medium may include 
ROMs, EPROMs, EAROMs, Flash Memories and Optical 
disks. The determined formation permeabilities may be 
recorded on a suitable medium and used for subsequent pro 
ces sing upon retrieval of the BHA. The determined formation 
permeabilities may further be telemetered uphole for display 
and analysis. 
What is claimed is: 
1. A method of evaluating an earth formation, the method 

comprising: 
(a) producing a static magnetic ?eld in the formation from 

Within a borehole; 
(b) producing an oscillating magnetic ?eld having a com 

ponent substantially orthogonal to a direction of the 
static magnetic ?eld; 

(c) measuring a velocity of a motion of a Wall of the 
borehole resulting from the produced oscillating mag 
netic ?eld; and 

(d) using an amplitude of the measured velocity of motion, 
and tWo of the folloWing three quantities: (A) an electri 
cal conductivity of the formation, (B) a porosity of the 
formation, and (C) a permeability of the formation, to 
estimate the third of said three quantities. 

2. The method of claim 1 Wherein estimating the third of 
the three quantities further comprises using a product of a 
magnitude of the static magnetic ?eld and a magnitude of the 
oscillating magnetic ?eld. 

3. The method of claim 1 Wherein the third of said three 
quantities comprises the permeability of the formation, the 
method further comprising measuring the porosity of the 
formation and measuring the electrical conductivity of the 
formation. 
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4. The method of claim 1 wherein the third of the three 
quantities comprises the electrical conductivity of the forma 
tion, the method further comprising measuring the porosity of 
the formation and measuring the permeability of the forma 
tion. 

5. The method of claim 1 Wherein the third of the three 
quantities comprises the porosity of the formation, the 
method further comprising measuring the electrical conduc 
tivity of the formation and measuring the permeability of the 
formation. 

6. The method of claim 1 Wherein producing the static 
magnetic ?eld and the oscillating magnetic ?eld further com 
prises positioning a magnet and an antenna coil on a pad in 
contact With a Wall of the borehole. 

7. The method of claim 1 Wherein producing the static 
magnetic ?eld and the oscillating magnetic ?eld further com 
prises positioning a magnet and an antenna coil on a stabiliZer 
in contact With a Wall of the borehole. 

8. The method of claim 1 Wherein producing the static 
magnetic ?eld further comprises using a magnet arrangement 
to provide an axisymmetric magnetic ?eld. 

9. The method of claim 8 Wherein the oscillating magnetic 
?eld produces a guided borehole Wave. 

10. The method of claim 1 Wherein estimating the third of 
the three quantities further comprises solving a biquadratic 
equation. 

11. An apparatus for evaluating an earth formation, the 
apparatus comprising: 

(a) a magnet arrangement con?gured to produce a static 
magnetic ?eld in the formation from Within a borehole; 

(b) an antenna con?gured to produce an oscillating mag 
netic ?eld having a component substantially orthogonal 
to a direction of the static magnetic ?eld; 

(c) an acoustic sensor con?gured to provide a measurement 
of a velocity of motion of a Wall of the borehole resulting 
from the produced oscillating magnetic ?eld; and 

(d) a processor con?gured to: 
use an amplitude of the measured velocity of motion, 

and tWo of the folloWing three quantities: (I) an elec 
trical conductivity of the formation, (H) a porosity of 
the formation, and (III) a permeability of the forma 
tion, to estimate the third of said three quantities. 

12. The apparatus of claim 11 Wherein the processor is 
con?gured to estimate the third of said three quantities by 
using a product of a magnitude of the static magnetic ?eld and 
a magnitude of the oscillating magnetic ?eld. 

13. The apparatus of claim 11 Wherein the third of said 
three quantities comprises the permeability of the formation, 
the apparatus further comprising at least one device con?g 
ured to measure the porosity of the formation and to measure 
the electrical conductivity of the formation; 

Wherein the processor is further con?gured to use the out 
put of the at least one device for estimating the perme 
ability. 

14. The apparatus of claim 11 Wherein the third of the three 
quantities comprises the electrical conductivity of the forma 
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tion, the apparatus further comprising devices con?gured to 
measure the porosity of the formation and measure the per 
meability of the formation. 

15. The apparatus of claim 11 Wherein the third of the three 
quantities comprises the porosity of the formation, the appa 
ratus further comprising devices con?gured to measure the 
electrical conductivity of the formation and measure the per 
meability of the formation. 

16. The apparatus of claim 11 Wherein the magnet and the 
antenna are positioned on a pad in contact With a Wall of the 
borehole. 

17. The apparatus of claim 11 Wherein the magnet and the 
antenna are positioned on a stabiliZer in contact With a Wall of 
the borehole. 

18. The apparatus of claim 11 Wherein the magnet arrange 
ment is con?gured to provide an axisymmetric magnetic 
?eld. 

19. The apparatus of claim 18 Wherein the antenna is fur 
ther con?gured to produce an oscillating magnetic ?eld 
Which generates a guided borehole Wave. 

20. The apparatus of claim 11 Wherein the magnet arrange 
ment is con?gured to be positioned adjacent to a Wall of the 
borehole. 

21. The apparatus of claim 11 Wherein the processor is 
further con?gured to estimate the third of the three quantities 
by solving a biquadratic equation. 

22. The apparatus of claim 22 further comprising a con 
veyance device con?gured to convey the magnet arrangement 
and the antenna into the borehole, the conveyance device 
being selected from: (i) a Wireline, and (ii) a bottomhole 
assembly on a drilling tubular. 

23 . A computer-readable medium for use With an apparatus 
for evaluating an earth formation, the apparatus comprising: 

(a) a magnet arrangement con?gured to produce a static 
magnetic ?eld in the formation from Within a borehole; 

(b) an antenna con?gured to produce an oscillating mag 
netic ?eld having a component substantially orthogonal 
to a direction of the static magnetic ?eld; and 

(c) an acoustic sensor con?gured to produce a measure 
ment of a velocity of a motion of a Wall of the borehole 
resulting from the produced oscillating magnetic ?eld; 

the medium comprising instructions Which enable a pro 
cessor to: 

(d) use an amplitude of the measured velocity of motion, a 
product of a magnitude of the static magnetic ?eld and a 
magnitude of the oscillating magnetic ?eld, and tWo of 
the folloWing three quantities: (I) an electrical conduc 
tivity of the formation, (H) a porosity of the formation, 
and (III) a permeability of the formation, to estimate the 
third of said three quantities. 

24. The medium of claim 22 further comprising at least one 
of (i) a ROM, (ii) an EPROM, (iii) an EAROM, (iv) a ?ash 
memory, and (v) an optical disk. 

* * * * * 


