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TWO- STEP DECONVOLUTION OF GAMMA-RAY LOGS

Jifi SAMSULA*, Jarmila ZEMCIKOVA*

The natural radioactivity of rocks in a borehole is measured by gamma well-logging. The
measured curve, however, is affected by the measurement itself, the logging equipment and by the
interaction, dispersion and mutual shielding of layers. The possibilities of reducing these effects are
shown using deconvolution operators supposing knowledge of certain measurement conditions. The
corrected values better correspond with the true geological situation.

d: gamma-ray logging, computer evaluation, deconvolution, filter technique

1. Introduction

The application of computer techniques in well-logging measurements has
enabled the use of certain transformations in the processing of field data which,
even if useful, have not been utilized up to now because of the demands on
numerical operations, though these are elementary ones. Many authors have
been inspired by this problem and considerations and attempts similar to those
proposed here have appeared in the literature [George et at1. 1962, 1964, Rice
1962, Conaway 1980]

The natural radioactivity of rocks in a borehole is characterized by the
intensity of gamma-rays measured by a moving scintillation probe with appro-
priate integration equipment. However, the measured curve is affected both by
the parameters of the measuring equipment, and by the interaction, dispersion
and mutual shielding of layers. Consequently, the data from the measurements
may only partially correspond to the true geological situation. The borehole
profile can be differentiated by the measured curve with partial resolution only.
In this paper it is proposed that there may be the possibility to improve the
situation by mathematical transformation of the measured curve—by con-
volution with a suitable operator.
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2. Mathematical base

Let us consider the following: for an idealized model course of a physical
parameter along a borehole profile the response of the measuring equipment is
either known or is to be derived. The relationship between these course is to be
defined either with high precision or with a suitable approach by the con-
volution integral

vn) = J g(h- ) sy dr = g(h) *s(n) @

where s(h) represents the true course of a physical variable depending on a depth
h, v(h) the response of the measuring system, and cj(h) the impulse response of
a linear filter which may represent the measuring system. The convolution
integral may be expressed as a weight integration with a shifting weight function
g(h~r). The analysis of a filtering function has often been carried out in a
frequency domain. If the term of frequency has been introduced, then it has to
be considered as a variable reciprocal whether to time or length, according to
the nature of the solution.
If equation (1) holds, a reciprocal solution is proposed

s(h) = v(h) * ) @

which implies a theoretical possibility to determine by the convolution opera-
tion the true course of a measured physical variable. The possibility, which has
long been known, is based on the knowledge of the inversion of the impulse
response 1/g(h) of a linear filter. In practical applications, however, the above
mentioned computation difficulties need to be overcome. The executing of the
convolution operation, e.g. for two long numerical series, requires a great
number of elementary arithmetical operations.

3. Application to gamma-logging measurements

Let us propose a borehole profile, as outlined in Fig. 1, a radioactively
barren material with a thin active layer (a). In static measurements along the
borehole profile by a sensor we obtain a curve (b). In measurements by a
moving sensor the measured curve has been deformed as a function of velocity
and direction of the motion—curves (c) and (d)}—and partly due to the time
constant of the impulse counter. Curve (b) was termed by Conaway (1980) as
the Geologic Impulse Response (GIR). This curve represents the physical
variable measured along the borehole profile and the input into the measuring

is Ihe symbol designating the convolution
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apparatus, which causes further deformations. If the original geological situa-
tion is to be achieved from the measured curve, we proceed in two steps. Firstly,
the deforming influence of the measuring channel is to be suppressed, whereby
the GIR curve is obtained. Then, by the inversion of the GIR curve the true
geological situation is achieved.

Fig. 1. a) Geologic column showing a thin zone of radioactive material embedded in barren
rock
b) Ideal simulated gamma-ray log run past the thin radioactive zone with a digital system
having a point detector
¢) Simulated log run past the thin radioactive zone with an analog logging system having an
exponential ratemeter; log run in downhole direction
d) Same as c) except log run in uphole direction [after Conaway 1980]

I. bra. a) Medd6 k&zetbe agyazott vékony radioaktiv zonat szemléltetd rétegsor
b) Idealisan szimulalt gamma-sugar szelvény pontszer(i detektoros digitalis
rendszerrel
¢) Szimulalt szelvény exponencialis rateméterrel miikddé analég szelvényezd rendszerrel; lefelé
valo szelvényezéskor
d) Mint c) de felfelé valo szelvényezéssel [Conaway 1980 utan]

Puc. 1. a) M'eonornyecknin paspe3 ¢ TOHKON NPOCNONKOWA PagnoakTUBHOIO BELLECTBA,
BMELLLEHHOI B MyCTON nopoje
b) WpeanoHo cumynupoBaHHas guarpamma K npu ucnonb3oBaHUM CU(POBOIA CUCTEMBI C
TOYEUHbIM [JeTEKTOPOM
c) CuMmynuMpoBaHHas fuarpaMmma npu MCronb30BaHWN aHaNoroBON M3MePUTENbHIA YCTaHOBKM C
9KCMOHEHLMANbHBIM CHETYMKOM MMMY/LCOB; 3aMep Gbln NPOBEAEH MpU MyCcKe 30HAA
d) . X Kak C) npu nogbeme 30HAa

[I'IO Kownaseii, 1980 r.]
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The reaction of most commercially manufactured counters with integrators
can be expressed in a simple exponential function

/(10 =0, h<o
©)
f(hy =~ -e-hvT, h>0

where h is the depth, T the time constant of the sensor, and v the velocity of
the sensor.

This function can be called the impulse response of the sensing equipment.
To eliminate the influence of the sensing equipment one must know the inverse
of the//) function. This function can be calculated by two methods—either in
the frequency or time domain. Using the first method, Conaway [1980] cal-
culated a three-element operator of the following type

1 = (vt VTN
f(h) \2Ah’ > 2Ah) {’

where Ah represents the sampling interval. Essentially, this operator solves the
first deconvolution step.

In practical applications of these operators problems may arise. If we take
a sampling interval from 5cm to 50 cm in deep drilling, and consider that the
measurement is suppressed by some sort of fluctuations, then the application
of the two- or more element operator is undesirable. In practical applications
the following procedure and solution have been introduced. Let us calculate
with the parameters:

v=009m/s, T=5s, Ah=5cm
To calculate the operator elements let us take Ah=25 cm

vT
oAh = 0.9

This value enables the operator to be constructed, its marginal elements will
be distributed into nine samples:
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This procedure is practically a combination of the calculated operator and a
smoothing one.

By the above demonstrated transformation we obtain the curve which
corresponds to that designated by Conaway [1980] as GIR. In theory, the next
step—which implies additional inversion—gives a possibility to obtain a model
of the original geological situation. The GIR curve in Fig. 2 has the form

o) = ©)

where a is the constant including the influence of the activities of a thin layer,
the probe sensitivity, the borehole influence, the dispersing effect of a barren
media, etc. While in a preceding procedure for determining the inversion to
eliminate the influence of the sensor the parameters v and T remained constant
during the measurement, this cannot be stated definitely. In view of this we have
carried out the analysis of the relation with respect to the changing of a.
Accounting for the unchangeable borehole diameter, the probe diameter ap-
proaching the borehole diameter and, further, providing for the non-existence
of materials along the borehole profile with the shielding effects for gamma-ray
approaching that of lead and similar materials, we can consider the a constant
as the invariable along the borehole profile. Nevertheless, the calculation of the
concrete value of a still remains difficult. Similarly, the construction of a model
in 451 geometry is not simple, nor is its calculation. In the first approach we
proceeded as follows: a GIR curve with a double exponential course was
proposed and we could estimate the a value directly from the measured curve.
Ifa equals 1, then ¢p(h) is equal to 1for h=0. For h= 1the tp(h) value decreases
to 0.36. If the GK log exhibits an expressive active layer, then the depth interval
(distance) in which the anomaly decreases from its 100% to 36% can be con-
sidered as characteristic for the a value of the given probe and the given situation
in a borehole. Assuming all this, we can derive the inverse for the tp(h) function,
which represents the deconvolution operator of the second step. We can derive
the inverse for the <pfh) function by numerous methods. Problems of deriving
the inversion model have been analysed and solved by the fundamental ap-
proach of Robinson [1967], Kanasewich [1973], Kulhanek [1976], and others.
In our applications we have advantageously utilized the procedure and
algorithms developed by Mereu [1978]. The above quoted author has published
a complete description of a computer program to obtain the weights of a
time-domain wave-shaping filter program. Although this was developed for
seismic applications, its applications may be even wider.

The following table shows the output from the program in which the values

tofh)* = (0.05; 0.13; 0.36; 1, 0.36; 0.13; 0.05)
have been introduced in the calculation as the given function (W column). The

desired function has been given as the value 1in column D. The desired operator
is calculated in column F. In column H a checking calculation has been entered
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of the calculated operator with the given function. It is evident that we have
achieved the value 1 with the error of 0.013, which is certainly sufficient, no

matter that some mild oscillations may occur.
Thereby, we have derived the operator for the second deconvolution step

and we can proceed to the practical calculation.

Time Given Desired Correlation ~ Symmetric ~ Shaping Actual Shaping

wavelet wavelet functions filter filter output errors
W D R S G F H E
—5 .013 —.046 —.008 .000 3.E-04
—4 .053 104 .030 —.001 —T7.E-04
-3 .050 194 050 —.085 021 .001 6.E-04
—2 130 426 130 193 .001 —.001 - L.E-03
—1 .360 827 .360 1.054 -.400 .007 7.E-03
0 1.000 1.00 1.304 1.000 1.994 1.277 .987 —1.E-02
1 .360 827 .360 -1.054 - .400 .007 7.E-03
2 130 426 130 193 .001 .001 —I.E-03
3 .050 194 .050 .085 —.021 .001 6.E-04
4 .053 104 .030 —.001 —7.E-04
5 .013 -.046 .008 .000 3.E-04

4. Example of application

Let us adduce an example of the natural gamma activity measurement in
Fig. 2. Curve A implies the measurement carried out so very slowly that it can
be regarded as a static one. The used time constant is 5s. Curve B represents
the measurement with the velocity of 0.09 m/s. The decrease of the maxima can
distinctly be observed as well as their shifting along the depth axis. Curve C
represents the result of the operator application, as outlined earlier. It is ap-
parent that the operator restored the values of the maxima and their positions
along the depth axis very well.

An experimental application of the second deconvolution step is attempted
in Fig. 3. The deconvolution operator demonstrated in the table in the preceding
section has been applied to curve A in Fig. 2. For the a constant determination
a section of the curve has been utilized at a depth of 41-42 m. where an intense
step of the registered gamma-ray intensity occurs. We have estimated the
distance of 0.3 m in which the intensity decreases to 0.36%. Then, the a constant
is 3.33, which is the input value for the calculation of the double GIR exponen-
tial model. This again serves as the input for the Mereu program (see the table
in the preceding section). It is clearly seen in Fig. 3 that after the transformation
the resulting curve exhibits an increase in the maxima of approx. 30%, as
compared with the original transformed curve. Hence, the credibility of the
transformation depends on our ability to estimate correctly the a constant and
to accomplish the demand that the a constant be invariable along the borehole
profile.
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5. Conclusion

In conclusion we may say that the first transformation and its results are
directly applicable in practice. The anomaly amplitude is restored and the
anomalies are positioned at the proper depth. The second transformation, as
stated above, is dependent on the credibility of the a constant determination.
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A GAMMA-SUGAR SZELVENYEK KET LEPESES DEKONVOLUCIOJA

j.SamSuta,J ZEMtfKOVA

A szerz6k természetes radioaktivitds meghatarozast végeztek egy furasban
gamma-szelvényezés Utjan. A kapott gorbét befolyasoljak a mérési folyamat és
a mszer jellemzdi, valamint a rétegek kolcsonhatésai, diszperzids és arnyékola-
si folyamatai. A cikk bemutat egy dekonvolucids eljarast, amely lehet6vé teszi
a zavar0 hatasok csokkentését, feltéve, hogy bizonyos mérési korllmények
ismeretesek. A korrigalt értékek jé egyezést mutatnak a foéldtani viszonyokkal.
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OABYXCTENEHHAA LEKOHBONKOUNA TAMMA-KAPOTAX HblX MU3MEPEHUN

M. WAMWYNA. 9. 3BEMYNKOBA

EcTecTBeHHas pafiM0aKTUBHOCTb FOPHbIX NOPOJ B pa3pese CKBaXXUHbI Obl-
na n3mepeHa npu ucnosnb3oBaHunM K. Ha n3amepeHHyto kpusyro K cylie-
CTBEHHOE B/MSIHNE 0Ka3bIBAKOT COOCTBEHHbIN N3MEPUTEIbHBIA NpoLEece 1 anna-
paTypa, C OfLHON CTOPOHbI, Y B3aMMHOe pPaccesiHe 1 3KpaHUpPOBaHMe B MiacTax
C Apyroii. B paboTe nokasaHbl BO3MOXHOCTU YMEHbLUEHUA 3TUX BIVSAHUIA MPK
MOMOLLM OMepaTopoB eKOHBOMKOLMY, JOMYCKas, YTO U3BECTHbI OMpese/iéHHbIe
yCnoBus n3MepeHus. cnpasneHHble BEMUYMHBI TaKUM 06pa3oMm fyulle COoOT-
BETCTBYIOT [eNCTBUTENbHON reonormyeckoin 06CcTaHOBKe.



