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INTRODUCTION

This report describes the methodology used to dblealirect version of the time harmonic field
electric logging problem [1]. In the direct versiohproblem we are interested in compute the
tool measurement given the earthen formation paesi@nd the tool configuration. Figure 1

illustrates a logging tool, its measurement andkthd of formation to be considered.

Figure 1: Logging tool inside a cylindrical eartifermation.

As it can be seen from Figure 1 the logging to@ssumed to be in a cylindrical borehole that is
centered in a earthen formation composed of coanaular zones [1]. Each of the zones is
considered to be homogeneous (with constant etqeairameters). The logging tool presented in

Figure 1 is a very simple one. It is composed hy éhectrodes, a current source and a measuring



device. The lower electrode injects the currend thie formation. The current circulates through
the formation and comes back to the tool through upper electrode. The measuring device
reads the potential difference generated betweenptints located along the tool surface. The

idea of this report is to show how this potentiffiedlence can be numerically computed.

THE METHOD OF MOMENTSAND THE BASIC CURRENT ELEMENT

The numerical computation of the potential differenshown in Figure 1 is going to be
performed by using the Method of Moments [2]. THea of this method is to obtain the final
solution of the problem as a linear combinatiomleimentary solutions. For this purpose, a basic
current element is defined and the tool is then etextl by combining a large number of these
elements. Figure 2 shows the basic current elearahpresents a very simple example of how a

logging tool can be modeled.
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Figure 2: Basic Current Element and modeling dfrgpte Logging Tool.



As it can be seen from Figure 2 the basic curréament is formed by the union of two
electrodes which are assumed to have constantl raglieent densities. Both electrodes are
cylinders of radiusgrand height h. The height h is going to be refeasdhe segment length.
Another important parameter of the basic curreameint is its current strength, it is given by the
total amount of current the element injects int® fbrmation. It can be expressed in terms of the

radial current density as:
1= [[ 3, s 1)
Se

whereJ, is the radial current densitgs = r,d¢dz and Se refers to the surface of the lower half

of the current element.

It can be also seen from Figure 2 that in ordendalel a logging tool by using current elements,
the electrodes length and the total length of toé inust be an integer multiple of the segment
length h. In the practice, for a given logging table segment length must be chosen in such a
way that the length of the electrodes and the whgtabetween them can be properly
approximated with integer multiples of h. Noticeakhat for modeling a logging tool of total

length Nh, only (Nh-1) current elements are require

The solution of the direct problem can be perforrretivo clearly separated steps. In the first
step, the current strengths of the (Nh-1) currdements used to model the tool are to be
computed. In the second and last step, the poteliffierence measurement is to be computed. In
this section, we are going to concentrate onlyhm first step. The second step is going to be

discussed in the next section.

In order to compute the current strengths, thet@ewagnetic equations must be solved for the
basic current element. A detailed analysis of tkispresented in [1]. As a result of the
electromagnetic analysis, the electric field preuby the current element is known. We are
particularly interested in the z component of tieédfalong the tool surface, that is at ro=By
integrating this component of the field along theirection, the potential difference generated by
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the current element along the tool surface canobgpated. So, the potential difference between

the centers of adjacent segments at a distana@mithie current element is given by:

th+l-21J
AP, = [E,(r,2)dz (2)

nh—D
2

whereE,(r,,z) is the z component of the electric field alongtihal surface and h is the segment

length.

Now, the quantityAR, is defined by normalizing (2) by the current sg#n[1]. AR, is then

given by:
1th+-2J
AR,== [E,(r,2)dz ©)
I nh——h
2

where | is the current strength of the basic cureégment.

In this way, the potential difference generatecbyarbitrary current element of current strength
Ix between the centers of two adjacent segmentdiatamce nh can be expressed as:

AP =1, AR, 4)
Figure 3 illustrates graphically the meaning ofaten (4).
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Figure 3: Potential Difference Produced by a Curkdement.

By constructing a set of linear equations with ¢batributions of all the currents elements in the
tool, it is possible to compute the current straagif the current elements. For simplicity, let us
consider the seven segment tool presented in FRjUret us enumerate the six current elements
from left to right as 1, 2 ... and 6; so that theirrent strengths are going to be referred,as, |

...andé.

Now, let us write the equations starting with thectrodes. As it can be noticed the potential
difference between the centers of segments 1 aisdz2ro. That is because this potential is
defined over the surface of the electrode, whicBupposed to be a perfect conductor. In the
same way, the potential between the centers of eeign® and 7 is zero too. By adding up the

contributions of all the current elements to théeptals in the electrodes we get the first two

equations:
for the left electrode0 =1, AR, +1,AR, +1,AR, +1,AR, +1 . AR, + [ ;AR (5)
for the right electrode0 =1, AR, +1,AR, +1; AR, +1,AR, + . AR, + I AR, (6)

where the currents are the unknowns and\iR's are given by (3).



For the region in between the electrodes anothesideration must be done. In this region the
radial current flow is zero. That is because thal ®urface in this region is suppose to be
composed by a perfect insulator. In this regiohthed current flows in the z direction from one
electrode to the other. From this consideratiarait be concluded that the current strengths of all
current elements in this region must be the samethat the radial current densities of the
adjacent elements cancel each other and the ttélilsution to the tool radial current density
would be zero. This is clearly illustrated in Figu2. Then, three equations can be written from
the insulated part of the tool; they are given by:

=1l (7)

L,=1=1,
At this point, we have five equations and six unkns. There is still one more equation missing.
This last equation comes from the fact discusseg@ldn the insulated part of the tool the radial
current flow is zero, which means that all the entrflows in the z direction. This current is
already known, and it is given by the intensitytloé current source in the logging tool. Let us
call it IsourceOr simply L. Then (7) becomes:

lg=1, 8

L,=1,=1,

By replacing (8) into (5) and (6), a set of two ations with two unknowns is obtained. By
arranging some terms it can be written as follows:

I,AR, + 1,AR, = -I_(AR, +AR, +AR, +AR,) (9.a)
I,AR, +1,AR, = -I_(AR, +AR, +AR, +AR, ) (9.b)

or, in matrix form:

rARo AR5—||_|1—| _ r_l S(AR]. +AR2 +AR3 +AR4)—|

= 10
(AR, AR, 1,7 |-1.(aR, +AR, +AR, +4R))] (10)
In the general case, the set of equations repred@m{10) is going to look as follows:

[AR]T=Db (11)



where[AR] is a square matrix, which elements are all compfitem (3); 1 is the unknown
column vector, which elements correspond to theectirstrengths of the current elements in the
tool electrodes; anth is a column vector of known coefficients that eetated to the intensity |

of the current source of the logging tool.

The unknown current strengths can be computed noinverting the matriYAR] and solving
equation (10) forl .
1=[AR]" b (12)

COMPUTATION OF THE TOOL MEASUREMENT

Once the current strengths of all the current elemén the tool are known, the potential

difference measurement can be easily computed.
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Figure 4: Logging Tool and its Possible Measurenfents.



As there was a restriction for the tool and theteteles lengths, given by the segment length size
h; there is also a restriction for the points iriween which the potential difference can be
measured. In this case, the measurement must leelskdween segment central points. Figure 4

illustrates this restriction. For simplicity, tharse tool presented in Figure 2 is considered.

Let us compute, as an example, the potential éiffez between the central points of segments 5
and 3 in Figure 4. According to (4), the contributiof the first current element to that potential
would be | AR; + I; AR3 . By adding up all the contributions from all tb@rrent elements, the
potential difference between the centers of segsieaind 3 would be given by:

APy o= (1, + 1 J(AR, + AR+ (I, +1,)(AR, +AR,) + (I, +1,) (AR, + AR,) (13)

CONCLUSIONS

Although the algebraic solution of the direct pehl by using the method of moments is very
straight forward, there is still a very difficulagk to be discussed. That is the numerical
computation of the\R’s defined in (4). A detailed analysis of the &lemagnetic equations and
the procedure to obtain a mathematical expressintheAR'’s is presented in [1]. There, it can
be seen that the computation of th&’'s involves the numerical evaluation of a Fourier
Transform integral that constitutes the actual lehge of the direct problem solution. The

methodology used for the numerical evaluation il be discussed in future reports.
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