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Accuracy assessment of the determination of
radioactive elements concentration on shale cores

Precise knowledge of the concentration of radioactive elements can be applied for lithological identification of the
rocks, particularly for identifying shale layers. Those rocks are characterised by a high natural radioactivity, due to
the presence of clay minerals as well as organic matter. The presence of the organic matter significantly increases
the concentration of uranium. It is therefore a quick way of identifying the intervals of hydrocarbon potential. In the
present study, the accuracy of establishing the concentration of radioactive elements: potassium (*’K) — 1.46 MeV,
uranium (**U) — 1.76 MeV and thorium (**Th) — 2.62 MeV was examined for shale formation. The research was
conducted with the use of a 9-window decomposition method of gamma radiation spectra. The spectra were regis-
tered with a spectrometer — Gamma Logger (Core Lab WSGL-300-T), adjusted to the measurement of the natural
radioactivity of core samples. The current application of the gamma spectrometer consisted mainly of establishing
the total radioactivity. It is due to the low efficiency of the detection process of the 3-window method, implemented
in the software of the device. The GL spectrometer is equipped with a detection system of a high energy resolution
(about 7% for '*’Cs), which allows for the application of the 9-window method, providing additional information
from the low-energy part of the spectrum, below 1.3 MeV. This method improves the accuracy of measurements of
the concentration of radioactive elements, due to both the significantly higher count of the detector readings, which
lessens the influence of statistical fluctuations, as well as the additional energy lines for uranium and thorium.

Key words: gamma radiation, spectral gamma ray decomposition, gamma logging, natural radioactivity, shale rocks.

Ocena doktadnosci wyznaczania koncentracji pierwiastkow promieniotwérczych na
rdzeniach skat tupkowych

Doktadna znajomo$¢ koncentracji pierwiastkow promieniotworczych moze byé wykorzystywana w identyfikacji
litologicznej badanego osrodka skalnego, zwlaszcza w poszukiwaniu/wyznaczaniu warstw lupkowych. Skaty te
charakteryzuja si¢ wysoka naturalng promieniotworczo$cia wynikajaca zardbwno z obecnosci mineratow ilastych, jak
i substancji organicznej. Wystgpowanie substancji organicznej znacznie zwigksza koncentracje¢ uranu. Jest to zatem
szybki sposob na identyfikacj¢ interwatéw o potencjale weglowodorowym. Ocena doktadno$ci wyznaczania koncen-
tracji pierwiastkéw promieniotwérczych: potasu (“’K) — 1,46 MeV, uranu (**U) — 1,76 MeV i toru (**Th) — 2,62 MeV,
zostata wykonana dla skat formacji tupkowej. Badania przeprowadzono z wykorzystaniem 9-oknowej metody de-
kompozycji widm promieniowania gamma. Widma byty zarejestrowane przy pomocy spektrometru — Gamma Logger
WSGL-300-T, przystosowanego do pomiaréw naturalnej promieniotworczosci rdzeni wiertniczych. Dotychczasowe
wykorzystanie spektrometru gamma polegato gtéwnie na wyznaczaniu catkowitej promieniotworczosci ,,total”.
Wynika to z niskiej wydajnosci detekcji w metodzie 3-oknowej, ktora jest zaimplementowana w oprogramowaniu
urzadzenia. Spektrometr GL wyposazony jest w uktad detekcyjny o wysokiej rozdzielczos$ci energetycznej (okoto
7% dla *’Cs), co pozwala zastosowaé¢ metode 9-oknowa dostarczajaca dodatkowa informacje z niskoenergetycznej
czeséci widma, ponizej 1,3 MeV. Metoda ta pozwala na poprawe doktadnoséci pomiardow koncentracji pierwiastkow
promieniotwoérczych, zarowno ze wzgledu na znaczaco wigkszg ilos¢ zliczen detektora, co obniza wptyw fluktuacji
statystycznych, jak i ze wzgledu na dodatkowe linie energetyczne dla uranu i toru.

Stowa kluczowe: promieniowanie gamma, dekompozycja widm, profilowanie gamma, promieniotworczos$¢ natu-
ralna, skaty lupkowe.



Introduction

Natural radiation is an ubiquitous phenomenon, occurring
in all parts of the planet, and nearly everything that surrounds
us is radioactive [4]. Gamma measurements in Geophysical
Well Logging can be divided into two types: measurements
with the use of geophysical tools in boreholes and measure-
ments on core samples, which are carried out on the surface.
The results of the measurements for both methods should bring
the same effect despite different environmental conditions
and different layout geometry: device — rock. Radiometric
measurements are always accompanied by an influence of the
background, composed of: cosmic radiation, radiation from
building materials, impurities in the crystal of the detector,
contamination in the measurement system and the measure-
ment method itself [1].

In case of measurements on core samples, the location of
the research is important. In order to obtain the best results it
is recommended to select a space with the lowest radioactive
background, especially if measurements are being carried out
on rocks of low radioactivity.

Measurements of the natural radioactivity of rock for-
mations have been carried out for over half a century [11].
Initially, only the total number of detector readings were
used to estimate the shaliness of the rocks examined. In the
1970s, gamma spectrometers started to be used for borehole

measurements, and on the basis of the spectrum recorded, the
concentration content of individual radioactive elements began
to be estimated: potassium, uranium and thorium [1]. Even
currently, based on the spectrometric gamma measurements,
parameters are estimated, such as: organic matter content,
establishing the presence and type of clay minerals, establish-
ing the sedimentary environment and indentifying diagenetic
processes in sedimentary rocks. Carrying out gamma profiling
also facilitates establishing the approximate lithology of the
drilled rocks [7]. In the interpretation of Well Logging, based
on the radiometric measurements it is easy to draw the line
between a sandstone, a carbonate rock and a shale rock, on
the basis of the “total” measurements expressed in API units
(American Petroleum Institute). For instance, carbonate rocks
exhibit readings on the 15+20 API level, while for shale it
ranges from 75 to 150, and in some cases, the readings for
highly radioactive layers indicate even up to 300 API [2]. In
the case of unconventional deposits, gamma measurements
are of key importance. Shale formation rocks are characterised
by increased radioactive elements content. On the basis of the
authigenic uranium content it is possible to make an initial
estimation of the organic matter content [9] and to select core
intervals for further laboratory analysis. The concentration of
thorium and potassium can provide information on shaliness.

Natural radioactivity, detection devices

Gamma radiation is electromagnetic radiation of energies
from a few kilo-electron volts to many mega-electron volts. In
terms of physical properties, gamma radiation and X-radiation
are very similar to each other, the only difference is their
place of origin. X-radiation is created with the involvement
of phenomena occurring in the shell, while gamma radia-
tion is a result of nucleus disintegration. Gamma radiation
is a product of nuclear transformation and is characterised
by a spectrum whose shape corresponds to the characteristic
energies of individual isotopes. Knowledge of the energies
of those isotopes allows for an unerring identification of ra-
dioactive elements present in the examined material [8]. In
geophysical measurements, three types of particle interaction
between gamma radiation and matter are significant: Compton
scattering, the photoelectric effect and electron — positron
pair production [6].

On the spectrum, the biggest area is generated by Compton
scattering, which is an undesirable phenomenon at the later
stage of concentration calculation. Total absorption peaks are
of a complex origin, appearing when the total energy of the
incident quantum is absorbed by the crystal. Depending on the

size of the crystal and the radiation energy, it can be caused
by individual photoeffects or a series of Compton scattering
ending with a photoelectric effect. Pair production does not
play an important role in estimating the content of individual
nuclides. In reality, the three main peaks originating from ra-
dioactive elements (K, U, Th) account for only a few percent of
the counts in the channels of the total area of the spectrum [1].
Many devices of various construction and capabilities are
used for radioactivity detection. In geology, devices based
on scintillation detectors, are the most commonly used for
the detection of radioactive elements (K, U, Th). The crystal
constituting the detector can be made from various materials.
Nal (TI; sodium iodide doped with thallium) is the standard
crystal due to the relatively low price and high durability.
Semiconductor detectors (HPGe — high — purity germanium)
are more advanced, with very high prices and expensive ex-
ploitation as the system has to work in very low temperatures.
Their great advantage is very high resolution (0.2%), which
contributes towards accurate qualitative analysis of radioac-
tive elements. Unfortunately, germanium detectors have low
efficiency, which results in long measurement times [12].
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Measuring equipment — calibration

A CoreLab gamma spectrometer was used to carry out
the research. The measuring equipment consists of: a spec-
trometer, computer with software, cables, a '*’Cs source and
a set of standards.

The construction of Gamma Logger is based on a detec-
tor made of a scintillation crystal Nal(TI), 2’ x 2’ in size,
a photomultiplier, amplifier and a multichannel analyzer.
The detector is placed in a special lead casing, limiting the
influence of background activity. The shape of the casing
and its mounted at the bottom wheels, allow for a comfort-
able placement and mobility of the device on core samples.
The computer is equipped with WSG software (Well Site
Gamma Logger), which allows device operation, equipment
calibration, recording readings and spectra, and creating
summarizing files including an indication of the depth. The
set of standards includes: a *’Cs source, potassium stand-
ard — K (4.5%), uranium standard — U (100 ppm), thorium
standard — Th (100 ppm), background measurement standard
(inactive) and a “200 API” standard.

At least 30 minutes before commencing work the device
needs to be connected to the power supply. The detector re-
quires time to warm up fully and achieve a stable temperature.
The first step to start the calibration is the correct spectrum
setting in the appropriate energy range. To do so, the caesium
source *’Csis used. The manufacturer recommends that the
amplification parameters should be adjusted so that the peak
from caesium is present in channel 82, which corresponds
to the energy of 0.662 MeV. The parameter selection hugely
depends on the temperature, its sudden change will cause the
peak to shift to other energy ranges — “gain drift”. The result
of a peak drift is a change in the count range of the detector
in the preset windows, a consequence of which are significant
errors. The next step is measuring the calibration samples.
The background is calibrated first with the use of the inactive
standard. Subsequently, the total activity is calibrated using the
200 API standard, allowing aggregated “total” measurements

to take place. In order for the program to allow us to carry
out a full spectrum measurement, the calibration needs to be
completed with the use of the aforementioned standards with
the appropriate concentrations for potassium, uranium and
thorium. The device also enables us to use standards with
different parameters [13].

Before starting work on the spectra, an energy calibration
of the spectrometer is needed, consisting of assigning energy
values to individual channels. The results of the measurements
of the samples are used for this purpose, which enables us to
obtain the following values: channel 177 corresponds to the
energy from potassium isotope “’K — 1.46 MeV, channel 212
corresponds to the energy of 1.76 MeV originating from ura-
nium series, while the peak from thorium series —2.62 MeV
is located in channel 315. The location of the peak from cae-
sium (Cs") constitutes an additional piece of information, its
energy (0.662 MeV) is assigned to channel 82. A correlation
graph, Figure 1, representing the calibration process can be
found below.
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Fig. 1. A correlation graph: channels converted into energy

The energy scale obtained will be used to represent and
locate spectra originating from the measurements carried
out with the use of the Gamma Logger, it will also allow for
a comparison with spectra from other devices which record
readings on an energy scale.

Matrix method, energy windows selection

To carry out work on measured spectra it is necessary
to create a spreadsheet based on the matrix method, which
is an elementary method of solving equations with multiple
variables. In order to make calculations the method was
applied to analyze gamma spectra emitted as a result of the
radiological capture of neutrons, presented by Jacobson and
Wyatt [5]. Zorski [14] is the author of the basic version of
the sheet applying the matrix method. The WSG computer
program allows spectrum to be projected and recorded in
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a text file format, including information on the counts for
individual channels.

Over the years, many theories have been created on the
selection of the number and ranges of energy windows, in
which impulses coming from the decay of radioactive par-
ticles are counted. The simplest way is to define three basic
windows, in the areas of energies characteristic for potassium,
uranium and thorium; this configuration of windows was used
by TAEA (The International Atomic Energy Agency, 1976).
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Unfortunately, this method loses information from the low- a) Results of potassium standard

energy part of the spectrum. The Schlumberger company g
introduced a method using a significantly higher spectral range o7
for spectrum measurements, based on 5 energy windows to 0.6
include the spectrum in the range from 0.2 to 3.0 MeV [10]. o5

K U Th

P. Blum [2] divided spectra into more intervals. He isolated 04

as many as 16 energy windows and performed an evalua- 03 ! “

tion regarding the intervals in which the counts correspond 92 \ I \

to particular elements. From the entire spectrum, the best 9~ %1 | Y\

matching windows were selected [1]. 0 ‘ ‘ s - ‘
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The matrix method allows for calculations to be made —Spectrum  —Windows borders

for the selected number of windows. The best solution is to
make spectrum calculations for the 3-window and 9-window b) Results of uranium standard
methods, in order to compare the results with the readings 40

obtained directly from the device. The calculations were 35

. . 4 u* K U Th

done on a spreadsheet created in the Microsoft Excel ap- 3.0

e ) . | 123 45 6 7 8 9
plication, enabling a conversion to the spectrum recorded 25
by the device, into actual contents of individual elements. 2.0
Before commencing calculations, the algorithm needs to % I
be calibrated in terms of the concentration content being ~ *° W/
determined of the elements found in the rocks. For calibra-  ° L i O AU
. 0.0 : ‘ Yt : : :
tion purposes, the spectra from the measurements of the 0.0 05 10 15 20 25 3.0
standards were used. —Spectrum —Windows borders

The 9-window method covers the low-energy part of the
§pectmm, it also allows for its division into a higher nur'nber of ¢) Results of thorium standard
intervals and for a more accurate match between the windows
and the individual peaks from radioactive elements. Table 1 5,
shows the intervals of nine windows used for calculations.

25 1
The most important factor for the low-energy part of the Th* K U Th

spectrum are the peaks occurring on energies: 0.61 MeV for 20 123 4 5 6 7 8 9
uranium (window no. 1), 0.86, 0.91, 0.97 MeV for thorium 15 -
(window no. 3). These are peaks rising significantly above ;. |

the background, therefore they carry additional information /\’
ol

. . ) . 05
which was omitted in the 3-window method.
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0.0 0.5 1.0 1.5 2.0 25 3.0

Table 1. Energy windows in the 9-window method

Fig. 2. 9 — energy windows displayed on the spectra
| eymmepien | ofhe samples measured

From To
1-u 0.54 0.71 Energy windows borders, should match the spectrum in
2 0.72 0.85 such a way, that the appropriate peaks are in the given win-
3-Th' 0.86 1.07 dows, and the borders run in-situ minima. Figure 2 presents
4 1.08 1.33 a comparison between the spectra from the measurements
5_K 134 1.57 of the potassium, thorium and uranium samples. On the
6-U 171 1.88 spectra analyzed, the borders of the following windows were
. 108 205 marked: 5 — potassium, 6 — uranium, 9 — thorium. Additional
< ) a7 “strong” peaks from uranium and thorium were indicated on
the graphs as U", Th'.
9—-Th 2.48 2.80
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Measurements on shale cores

The results were divided into 3 groups: results obtained
directly from the device (the 3-window method), results
obtained with the use of the matrix method with 3 energy
windows and with 9 energy windows. The purpose of the
application of the 9-window method, was to achieve a reduc-
tion of errors, without extending the measurement time. The
9-window method, should increase the accuracy of the results
obtained, however, increasing the number of windows does
not only increase the number of counts, but also the impact
of the background.

The research material were shale cores; shale being for-
mations rich in clay minerals and organic matter, therefore
it was certain that the results would indicate higher read-
ings. The research was conducted in a laboratory and a core
repository. To confirm the analyses, a stationary MAZAR
spectrometer was used, which is characterised by a high
accuracy. The measurement time on the laboratory device
was set to 6 hours. Circa 150 g of crushed and divided

material was examined.

To carry out the measurements in the laboratory, five
points of measurement were chosen on selected parts of the
core. Each of the points was measured five times in order to
estimate the measurement error. An analysis conducted with
the use of the MAZAR device was performed only once for
each sample.

Table 2 shows the results obtained from the MAZAR
device and Gamma Logger. The first set of results marked in
yellow is standard measurements. Orange indicates a measure-
ment series calculated with the 3-window matrix method, and
red indicates a series calculated with the 9-window method.
The columns marked with ,,STAT”: average, standard devia-
tion, measurement error [%].

An analysis of the results presented in Table 2 will be
considered in regard to the accuracy of the measurements
for one measurement point and in regard to matching the
result from the mobile device to the laboratory equipment.

Figure 3 shows the results for three measurement points
(Core 1, Core 2, Core 3) from Table 2. Individual elements are

Table 2. Comparative results: MAZAR — Gamma Logger equipment

Gamma Logger (CoreLab) — measurement time: 5 min
MAZAR -6 h Gamma Logger Gamma Logger — 3 windows _
Core | K U Th K |STAT| U | STAT | Th [ STAT | K |[STAT| U |STAT| Th |STAT| K [STAT| U |STAT| Th |STAT
0.94 10.43 10.29 1.68 16.76 16.1 2.54 9.28 15.17
1.49| 1.51| 8.12f 8.53| 0.53[ 5.54| 2.56| 2.32| 8.56|11.57|15.18(14.27| 2.33 | 2.50| 9.61| 9.61(16.33(14.61
Core 13.29( 16.8 [11.34| 1.92 [ 0.42|10.54| 2.12| 0.18| 5.05| 2.29| 0.39]10.63| 3.07|18.39| 4.06( 2.99 | 0.29| 7.25( 2.00|12.42| 3.28
1.91127.50| 5.35 24.87| 6.16] 91.06| 2.67 |16.65(10.75|26.53| 7.57(28.48| 2.30 |11.47(12.78|20.78{10.38 [22.45
1.31 8.23 10.55 2.40 11.17 14.11 2.36 9.13 18.74
1.46 10.37 8.46 2.47 13.67 12.1 2.53 11.13 15.85
1.55] 1.60(12.41| 10.68| 0.16| 3.65| 2.36| 1.97|12.94|13.72(18.61(15.00| 2.34 | 2.48|12.85|11.17(13.79|14.96
Core 2|2.58|19.35| 8.59 | 1.89 | 1.00| 7.77( 3.57| 7.79| 4.14| 1.53| 0.52|18.36| 3.85|12.65( 4.75| 2.22| 0.41|12.61| 1.95[(13.57| 3.01
0.16 (62.44(15.81| 33.44| 1.72{113.37 | 1.50 [26.55|15.68|28.03(21.38|31.67| 2.14 [16.49| 11.28|17.43(19.73|20.14
2.95 7.05 0.13 3.32 7.96 10.25 3.16 7.97 11.88
0.42 13.35 0.16 2.43 8.43 16.97 2.38 11.8 11.82
1.29 | 1.25(12.76| 11.97 1.31| 0.48| 2.64| 2.57| 9.90( 8.72(15.90|18.77| 2.98 | 2.68| 8.09( 9.56|13.76|13.68
Core 3|3.44|11.09|14.47( 2.06 | 0.68| 9.21 1.76| 0.39( 0.47| 3.02| 0.42 6.65| 6.55|18.66( 9.07| 2.90 | 0.36| 7.75| 1.66|15.28| 4.14
0.75154.07|13.29| 14.74| 0.38| 97.97( 1.93 [16.42|18.39|75.06| 8.79|48.33| 2.93 (13.48|10.01{17.36| 8.18|30.24
1.73 11.22 0.18 2.85 0.23 33.54 2.20 10.16 19.35
0.10 5.06 0.13 1.58 5.22 15.39 1.66 4.10 12.43
0.18] 0.27| 4.86| 3.55| 0.19] 0.16| 1.90| 1.44| 3.45| 5.87(11.45|14.25| 1.93 | 1.91| 2.69| 2.35/11.68|13.15
Core4(2.23] 0.58 [ 9.38 | 0.32| 0.22| 2.55| 2.17| 0.19| 0.04| 1.44| 0.45| 4.30| 2.53[18.94| 3.78| 2.03 | 0.15| 1.19]| 1.14/14.00| 1.21
0.11|81.40( 5.10f 61.00| 0.20f 24.99| 0.70 |31.01| 9.93|43.07|16.01{26.53| 2.00 | 7.66| 1.56|48.37|12.92| 9.23
0.62 0.18 0.11 1.56 6.44 9.46 1.92 2.21 14.71
2.61 0.15 0.13 2.02 8.57 8.44 2.48 2.31 10.95
1.90| 1.59| 0.13 1.61| 0.13| 0.14 [ 2.09 | 1.91| 5.22| 6.52|13.13|13.13| 2.45 | 2.38| 1.55| 1.76|12.45]|13.52
Core 5[1.67| 1.68 | 5.04 | 2.24 | 1.00 0.19| 3.23| 0.16/ 0.02| 2.19( 0.34| 4.55| 1.62(14.19| 4.86| 2.41 | 0.15| 1.38| 0.59(14.40| 1.83
1.05162.91| 0.20{200.35| 0.13| 11.57| 1.92 |17.74| 7.03|24.88| 9.25(37.03| 2.44 | 6.39| 1.10|33.68|14.12(13.57
0.13 7.38 0.16 1.33 7.21 20.64 2.11 2.45 15.66
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presented on separate graphs. Each of the graphs is divided
into three segments, and each segment contains a comparison
of the three measurement methods. From the left side of the
graph, statistics for the results obtained directly from the
device (GL), for the 3-window method (GL_3 windows)
and for the 9-window method (GL_9 windows) are shown
respectively.

An analysis of the graphs facilitates a fast evaluation of
the accuracy of the three methods in regard to the three ele-
ments examined. The result graph for potassium is the easiest
to interpret. The error in the results obtained directly from the
device is the largest, and the dispersion is relatively high; the
other methods produced a lesser range of errors and more
proximate results. An analysis of the uranium also indicates
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Fig. 3. The statistics for the results from the Gamma Logger device, potassium, uranium
and thorium in regard to three measurement points: Core 1, Core 2, Core 3, from Table 2
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an improvement with the subsequent method, only the Core 3
measurement demonstrates a slightly larger error for the matrix
methods. The statistics for thorium improved significantly even
in the case of the Core 3, with one value being significantly
different from the others. Due to the variable range for one
measurement it is not visible on the graph, and the values can
be seen on the attached Table 2. The five-minute measurement
time for this type of detector is short, therefore the cause for
the inaccuracies could be statistical fluctuations, whose influ-
ence is quite high in the case of 5 repetitions.

In order to compare the results and evaluate which of
them is closest to the actual concentration level, additional
graphs were created to show average values (Figure 4). These
graphs show all measurement points and a comparison of
the 4 analyses.

Figure 4. shows the results of a comparative analysis. The
values measured with the MAZAR devices are treated as
reference. Graph a) shows the accuracy of measurement for
potassium using all of the methods. The results from the 9-win-
dow method are closest to the reference measurement values
for samples 1 to 4. An analysis of graph b) which includes
the values for uranium shows that the 9-window method for
samples 1 to 3 was less efficient than the 3-window method,
while for samples 4 and 5 it was more accurate. Graph c)
showing the data for thorium demonstrates that, the results
imported directly from the device are significantly lower than
the actual values. The best result calculated with the use of the
9-window method was obtained in the case of the sample with
the highest thorium content (Core 3). An overall analysis of the
graphs indicates the level of underrepresentation of the content
of radioactive elements by the Gamma Logger device and its
software. This may be caused by a difference in the geometry
and in the content of radioactive elements in the standards.
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Fig. 4. A comparison between the results from the mobile
device Gamma Logger and laboratory analyses, MAZAR

Field measurements

In order to conduct a device test, field measurements
were taken in the core repository. The measurement area
was characterised by a lower background than the laboratory
background. A one-metre long core sample characterised by
an increased radioactive elements content was examined.
A full calibration of the spectrometer was carried out, and
the spectra registered during this process were recorded in
order to be used to calibrate the spreadsheet at a later stage.
The measurement step was 10 cm, and the measurements
were carried out in series of five for each point. The results
were calculated with the use of the 3-window and 9-window
matrix method and summarised in Table 3.

An overall evaluation of the measurements taken indi-
cates that again the lowest errors were registered for the
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9-window method. The measurement error for potassium is
also worth noticing, as it is smaller than in the case of the
measurements conducted in an environment with a higher
background (Table 2).

The measurements on the one-metre long core sample
were carried out in order to prepare graphs of spectrometric
gamma profiling for various methods and to compare them.
The results are presented in three different graphs (Figure 5),
separately for potassium, uranium and thorium. Figure 5
shows the results of the calculations summarised in Table 3.
An analysis of the graph indicates that the values increase with
each subsequent method. The graph for uranium is an exception,
in this case the 9-window method returned lower values than
the 3-window method. The analysis of the profiling displayed,



Gamma Logger

Gamma Logger — 3 windows
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Table 3. Results of field analyses conducted with the Gamma Logger spectrometer
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also allows, for an assessment of the discrepancies between the
points measured subsequently. The 9-window matrix method

is characterised by the lowest variability of the results for the
subsequent measurement points and the deviation is reduced.

Potassium Uranium Thorium
0 1 2 3 4 0 2 4 6 8 0 5 10 15
1 ' ' ' 1 . 1 : 14+
2 - 2 2
3 3 3 -
4 - 4 4+ 4 +—
5 5 5
6 6 6
7 -+ 7 7 A
8 R — 8
9 9 9
10 10 10 —

K-1 =li=K-2 ==K-3

U-1 =li=U-2 =#=U-3

Th-1 =l=Th-2 <=#=Th-3

Fig. 5. Spectrometric gamma profiling for a one-meter long core sample.
1 — result from Gamma Logger, 2 — result from the 3-window method, 3 — result from the 9-window method

Conclusions

Conducting research on shale formation core samples
facilitated an examination of the influence of statistical fluc-
tuation on the results obtained. The analyses were conducted
with the use of the Gamma Logger measuring equipment
based on the scintillation detector Nal(T1) 2 x 2’. In order to
improve the accuracy of the results, a calculation algorithm
was drawn up, based on the matrix method using 9 energy
windows, which include the low-energy part of the spectrum.
The calculations carried out on the exported spectra allowed
for a current overview of the results and the location of the
borders for individual windows. The user has full control
over setting the energy windows in suitable positions, which
can significantly improve the adjustment of the borders of
the intervals in case of a drift.

The measurements took place in a laboratory as well
as in the core repository. The results obtained from direct
measurements and through the matrix methods (3 and 9 win-
dows) were presented in table form and as graphs. The first
phase of the research conducted in the laboratory provided

Please cite as: Nafta-Gaz 2015, no. 6, pp. 390-399

a comparison between the results and the MAZAR equip-
ment, which resulted in reference results being established.
An analysis of the data showed that the 9-window matrix
method decreased the influence of statistical fluctuations on
the result and the measurement error calculated. The accu-
racy of the measurements in comparison with the MAZAR
analyses also improved in most cases. The second series of
measurements conducted in the field were aimed at creating
a spectrometric gamma logging on a shale rock core sample.
The results obtained directly from the device and from the
matrix methods were compared. Also in this case a significant
improvement in the measurement statistics was noticeable.

The algorithm based on the publication of Jacobson and
Wyatt, prepared as spreadsheet by Zorski is a universal pro-
gram, which can be used for the purpose of working with
spectra originating from other devices, or with different
parameters of calibration standards. The only requirement
is a spectrum from a detection device recorded in a numeri-
cal form.

Article contributed to the Editor 19.01.2015. Approved for publication 25.03.2015.
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