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ABSTRACT
Anisotropy of rocks' resistivity is a weak enoudiepomenon in comparison with in-
homogeneity influence. That is why we are tryindital an array being the most sensitive to
anisotropy and to develop field survey and datazgssing technology for anisotropy and in-
homogeneity influence estimation and separationv Biep in this study gives arrow-type ar-
ray.

At study of anisotropic media with the help of aaitmal resistivity survey prof.
A.S.Semenov has recommended to apply dipole eqakéoray or any other non-linear array.
Arrays with electrodes' position not in one lin@rfrinear arrays) have higher sensitivity to
anisotropy in comparison with linear arrays (Schdenger, AM, AMN). For separation of
anisotropy and inhomogeneity influence we havereffeasymmetrical rotation of array and
analysis of azimuthal diagrams' spectrum (Bolshatial., 1997). Even harmonics of spec-
trum are the result of anisotropy influence, wioitl harmonics are the result of inhomogene-
ity influence. Dipole equatorial array is not sowgenient for asymmetrical rotation, at which
one dipole is gone along a circle’s arch,

40, D-arra . . .
*C BI R ﬂy N while other dipole turns around its cen-
A
35 n M ter.
A bamay 4N For such rotation it is better to
30j AéRlM use array with one current electrode, for
Y-array o N example T-array (fig.1). Only one cur-
2 ‘ A"j’a rent electrode is used, the second one is
20 \ Y45 A Sn in infinity. Sensitivity of D-array and T-
\D &Taray  Amow-type array array is the more, the greater ratio

15|/ R/MN is. But with R/MN growth the
level of measured signal decreases and
becomes much lower, than for Schlum-
berger array.

In attempt to connect advantages
D(T) and Schlumberger arrays and si-
Fig.1. Spectra of arrays. Curves are marked withlea multaneousl_y to overcome the_lr lacks
value. the generalized Y-array was invented
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(fig.2). As T - array it has two MN lines with one
common M electrode. These two MN lines go under
equal angles from M electrode position symmetncall
from AM direction. But this array has one important

\\ % feature - two MN lines can influence at level ajrsal
\ %, while the radiuses' difference (between A and Myn@l

N1 bf%& N), and on sensitivity to an anisotropy dependsaion
P

gle between AM and AN azimuths. Really, by joining
. lPole-dipole two MN "wings" we receive low sensitive pole-dipole
M array array, and by flinging them we receive T-array, athi
] IS more sensitive. It can be shown with the help of
N2/¢Y array spectra (fig.1). But it has appeared, that the wicgn

/ be bent in additional area (fig.2), and in thisecasnsi-
/ tivity to an anisotropy continues to grow. So arfype
Y array (AT) was revealed. Except higher sensititotan
_o- anisotropy, it has some interesting and useful grop

Fig.2. Variants of Y array as functions ofes. . . |
angles. 1. It was proved theoretically that the signals in

both MN lines of arrow-type array above anisotropic
media are completely identical. Fbrand Y arrays it is not so. This property allow®\ab
anisotropic media to measure signal only in one IMB. The measurements in two MN lines
help to distinguish inhomogeneous medium from darogic one by taking into account the
difference of two signals. In inhomogeneous -

.  ~

medium the signals in two MN lines are dif-s | OFF Rate o/ X AT
ferent (fig.3, C) and this difference, like O/Es 1 A L \Y
ratio, characterizes a degree of medium inHd-7 7 \
mogeneity. 027 AL "I -

2. The spectrum of arrow-type arral’ 5 5 7 65 4 3 21 b 1 5 5 4 5 6 7 & o
appears very narrow, the harmonics after
fourth one can be neglected, and consequeﬁilﬁ 8 8 & @ QD %%%Qb
for azimuthal survey the step in 4 suffi- /
cient. The step size is similar to linear arrgy; 9 § Q 83 Qb

but sensitivity is higher, than for dipole arra|¥ 3. Azimuthal diagrams for dipole (8) and AT/ ©)
. . . 0. AZIMU | |
(fig.5.). That is because two MN lines are grlEr;ays and O/E ratio (A) near vertical contactwd t

azimuths with 90 difference. The periodicityanisotropic media.
of the second harmonic is 180.e. its ampli-

tude for the given array will be maximal, wherelas pe-
riodicity of the fourth harmonic is 90and its amplitude .~ &/ A
for the given array will be equal to zero. Fougight and -\.M RN
some other harmonics are exactly equal to zeronwie - ., s
radiuses AM and AN are identical. But the possipitif N, : A~
apparent resistivity calculation in this case disgps. If : : 7

g ‘ . _';Na
we make these distances different, the fourth hartno "-.:M';‘. / \\\
l
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will not be zero, though also small. Arrow-typeagris N - M\
rather convenient for field survey. The scheme let-e M/-/_ M\-\“_ N
trodes positions for an azimuth step in® 38 shown in NS M N
fig.4. | )

. s _ . Fig.4. Positions of measuring electrodes
Fig.5 shows sensitivity graphs=f(A) for linear, ¢ arrow-type array with 30 azimuth

dipole equatorial and arrow-type arrajygvalue is calcu- step.



lated as axis ratio. This ratio for linear array %=
exactly equal ta\ value. For dipole equatorial
array A, is proportional to\®. For arrow-type

array sensitivity is much higher (for smalk

1.3). Break in this graph aftér> 1.3 is con-

nected with appearance of additional negative |
petals on azimuthal diagram. Sensitivity of
array is kept but calculation @ as axis ratio 17
is not valid more. We use another formula for *

fast calculation of anisotropy factofes to

avoid this formal problem:Aer=1+(PMax- giagrams for=1.5.
pmin) / pmax (fig.6). Full interpretation is made with.5,

spectral approach.

3. The large axis gb, ellipse is guided along strike
of anisotropic formation, when reference azimuthtio® 5 -
nearest measuring electrode will be taken. Forttietlis-
tance to M electrode (the arrow point), should ialter,

than distances to N electrodes.

The arrow-type array opportunities were checked
up with Anis2lw program for two-layer model withbar
trary anisotropy orientation in each layer. In Tighe re-
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sults of comparison of arrow-type and dipole equalto "™ v 15 14 15 18 20
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|gS Comparison of linear, dipole equatorial and
arrow-type arrays as axis ratig=f(A\) and azimuthal
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arrays are submitted. TWO-Iayered model with iSijUOFig_G_ New anisotropy factoRgs in
top layer with resistivity 400 Ohm.m and thicknéssn comparison with old onk.".
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Fig.7. Comparison of D and arrow-type arrays amattal diagrams, VES curves and spectral harmomcs



and anisotropic basement with= =
1.4, pm = 50 Ohm.m was used. Th&
azimuthal diagrams at this figure aré
submitted for relative spacing R/h = S
3. VES curves are displayed for an 0 100 200 300 400 500 600 700
azimuth across the strike. Graphs & 30

harmonics at the upper right corn —3(}
of fig.7 are submitted. The zerQ,
harmonics for two arrays c0|nC|de=—
the second harmonics are S|m|Iar
but that for arrow-type array are E .
bit greater, and the fourth harmonm 14
is essentially less for AT array, thal? 0-
for D-array. This model approxi- ,u-
mately corresponds to the situation |
on plateau Patil in Crimea (Bolsha- -
kov et al., 1997), where tavric 30
basement have strong anisotropy. 0 100 200 300 400 500 600 700
With the help of nonlinear arrays it 5)\
is possible to estimate its anlsotropy
even under sandstone layer coverind- 05

tavric sediments. Before we applied'-%% ' | | |
0 100 200 300 400 500 600 700

dipole equatorial array. NOW Weig g Results of azimuthal resistivity survey tfdal sediments.
plan to check AT array.

After checking high sensitivity of arrow-type arrdyis possible to apply it for media
with weak anisotropy.

Near Alexandrovka place in 200 km from Moscow gdhsiediments are widespread.
In connection with their origin from horizontal ¥is it is possible to assume presence of a
weak anisotropy in such sediments. Therefore veel o study their anisotropy with the help
of Y-array. The results are shown in fig.8, azinalitliagrams are displayed here in three
forms: for each MN line and as average diagramoBedhere are graphs of some interpreta-
tional parameters along profile: strike azimutfasior of odd to even harmonics (Bolshakov et
al., 1997). These allow to estimate relative inficee of inhomogeneity and anisotropy when
anisotropy of glacial sediments is abaut 1.05.
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