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Abstract. The research is focused on determining mineralogical composition of drilling
cuttings by scanning electron microscope as well as imaging the sample surface of high
resolution that allows studying the structural characteristics of the site. In addition, a number of
other techniques permit obtaining information on chemical composition of sample in near-
surface layers. The study in drilling cuttings by means of scanning microscopy has revealed the
presence of titanium, iron, zirconium oxides, iron sulphide, barium sulphate. The former is a
mineral that concentrates rare-earth elements, presumably monocyte, as well as uranium
silicate, etc. The results obtained confirm the data of previous X-ray structural analysis, i.e. the
study samples consist of alumosilicate matrix. Apart from silicon and aluminium oxides, the
matrix includes such elements as Na, K, Mg. Such a composition corresponds to rock-forming
minerals: quartz, albite, microcline, clinochlore, muscovite, anorthoclase.

1. Introduction

A large amount of waste is generated because of oil production activities, among them are drill
cuttings and used drilling mud. However, the bulk of the waste comprises mostly the drill cuttings that
are extracted from the well to the surface. Millions of tons of drill cuttings are annually stored in the
territory of Western Siberia [15]. The amount of drilled wells increases every year, more than 70% of
which are located in ecologically vulnerable areas with unfavorable climatic and soil-landscape
conditions [16]. It is stated that the quality of the environment is degraded in the areas of drilling
operations due to drilling waste production [9, 13, 16, 18].

Drilling operations have a significant anthropogenic impact on all components of the environment.
Disposal of drilling wastes is the main cause of deterioration of the environment in the areas of drilling
operations [13].

When developing oil fields and drilling oil wells a large quantity of cuttings are produced. Due to
its diverse composition, a part of its elements has a direct impact on the environment [1, 2, 8-11, 20].
Composition of drilling cuttings is rather various and depends on geological conditions, technical
processes of mud cleaning as well as drilling intervals [4, 5]. Drilling cuttings produced in drilling
wells can contain up to 7.5 % of oil and up to 15 % of organic chemicals applied in drilling fluids [19].
Drilling cuttings contain a large amount of heavy metals [3, 12, 14, 17].

In the course of oil field exploration and development, rock and waste samples are collected to
determine content of valuable substances or study the composition of the samples and their processing
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properties. Having analyzed the production wastes one can develop an optimal technique disposal or
recycling of drill cuttings.

In previous studies, there is no detailed description of the mineral and elemental composition of
drill cuttings. The present article is aimed at study in the composition of drill cuttings of oil fields in
Western Siberia.

2. Methods and materials
The initial materials were samples of drilling cutting from four oil fields of Tomsk Oblast —
Pervomayskoye, Katyl’ginskoye, Yuzhno-Cheremshanskoye, Luginetskoye.

X-ray structural analysis of drilling cutting samples was performed in the International Innovative
Research Education Center (IIREC) “Uranium Geology”, Department of Geoecology and
Geochemistry, Tomsk Polytechnic University: diffractometer Bruker D2 Phaser. The samples were
studied in IIREC “Uranium Geology”, Department of Geoecology and Geochemistry, Tomsk
Polytechnic University using scanning electron microscope (SEM) HitachiS-3400N with EDS
BrukerXFlash 4010.

3. Results and discussion

The X-ray structural analysis of drilling cutting (DC) samples has revealed quartz, muscovite, and
albite in every sample. Quartz and muscovite provide the maximum share in DC composition. The
presence of such a mineral association in all drilling cutting samples demonstrates similar composition
of initial host rocks. Besides, there are some minerals typical for definite fields, for example, illite was
found in Pervomayskoye oil field, kaolinite and anorthoclase were identified when studying
Luginetskoye oil field. The results obtained are presented in Fig. 1.
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Figure 1. The results of X-ray structural analysis of drilling cutting samples from Pervomayskoye and
Katyl’ginskoye oil fields.
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Figure 2. The results of X-ray structural analysis of drilling cutting samples from Yuzhno-
Cheremshanskoye and Luginetskoye oil fields
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As shown by X-ray structural analysis, the composition of studied drilling cutting includes rock-
forming minerals, such as quartz, albite, muscovite, microcline, clinochlore.

The microscopy is of particular interest for studying chemical composition. It allows not only
revealing individual substance by registering their size, but also obtaining its image.

Using scanning electron microscope, the drilling cuttings of the Tomsk Oblast oil fields —
Pervomayskoye, Katyl’ginskoye and Yuzhno-Cheremshanskoye — has been analysed.

In the course of investigation, the mineral spectral data were collected and the images were made
with back-scattered electron, which provided the following results:

The analysis of DC from Pervomayskoye oil field revealed the minerals: among the alumosilicate
matrix there are different modifications of pyrite, galena, lead silicates as well as uranium silicate -
coffinite.

egsfay cpriny

Figure 3. Back-scattered electron images and spectra of iron-containing particles (pyrite (?)), the size
of the first sample is 6.4 pm; that of the second sample is 12pum.
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Figure 4. Back-scattered electron images and spectrum of inclusion — coffinite (?), 4um in size; 2 -
Back-scattered electron images and spectrum of lead-containing particle — lead oxide, 6.7um in size.

Besides, in the alumosilicate matrix (Fig.4.1) U — containing particle was revealed, its spectrum of
chemical elements corresponds to uranium silicate (coffinite (?)), in composition of which there is
high content of uranium, oxygen, and silicon. The DC samples from Pervomayskoye oil field often
contain inclusions, the spectrum of which matches pyrite mineral of different forms, but with
pronounced cubic syngony (Fig. 3). In addition, there are lead-containing particles (Fig. 4.2). The
elements in the sample — arsenic and lead found by electron microscope are supported by chemical
analysis carried out before.

It should be noted that the matrix includes such elements as Na, Mg, Fe, K excluding silicon and
aluminium oxides. Such a composition corresponds to the rock-forming minerals — illite and albite
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determined by previous X-ray structural diffraction analysis. The size of found mineral phases ranges
from 4 to 12 pum.

The studied Katyl’ginskoye oil field is located closer to Pervomayskoye than the other oil fields.
Back-scattered electron images showed that DC sample from that oil field contains the following
mineral spectra: barite, pyrite, hematite, and almandine. The size of revealed mineral phases ranges
from 0.8 to 15 pum.

The DC samples from Yuzhno-Cheremshanskoye oil field are the most remote from the first two
oil fields.

The collected spectral data on minerals and images have shown the presence of the following
minerals: zircon, baryte, hematite, muscovite, pseudorutile, ilmenite, and monocyte. The size of found
mineral phases ranges from 2.5 to 160 pm.

Figure 5. Back-scattered electron images and spectrum of the particle (muscovite (?)), of 93 um in
size; 2 - Back-scattered electron images and spectrum of Zr-containing particle (zircon (?)), of 160 pm
in size.

The sample contains particles (Fig. 5.1), the spectrum and external parameters of which coincide
with mica — muscovite, which is conformed by the data of X-ray diffraction analysis, the given
mineral belonging to the rock-forming ones. Furthermore, the studies of DC sample revealed the
particle corresponding to crystal of zircon (Fig. 5.2).

- 1 i
F
r'- |
84 Si‘l
| T |
4
il o o ||
Tow | —— ; "l u
WU o W\ ’ “ - \)'ﬂ| l o
PUMSIUVA e WA . JLJJ_,/”J I\ s SEsasmsesm: m‘l’ﬁ#_
1 2

Figure 6. Back-scattered electron images and spectrum of rare-earth containing particles (monocyte
(7)) of 5 um; 2 - Back-scattered electron images and spectrum of yttrium phosphate inclusions
(xenotime (?)) of 7 um.
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The analysis has revealed the particle, the spectra of which coincide with the minerals — ilmenite
and pseudorutile. Pseudorutile is distingushed by high content of titanium with respect to iron.

The determined particle (Fig. 6.1) contains rare-earth elements, which is well seen from the
spectrum. In the sample (Fig. 6.2) the particle, the spectrum and external parameters of which
correspond to yttrium phosphate (xenotime (?)), is found. The inferred mineral often associates with
monocyte and zircon and contains rare-earths.

On the whole, one may say that DS sample from Yuzhno-Cheremshanskoye oil field is
characterized by high content of Ti, Al, Ba, Zr, which is confirmed by the previous chemical analysis.
Apart from SiO, and Al, the alumosilicate matrix includes such elements as Na and K. Such a
composition corresponds to the rock-forming mineral - albite, microcline, muscovite previously
determined by X-ray structural diffraction analysis.

Above all, the DC sample from Luginetskoye oil field was analysed. The oil field is located on the
borders of Kargasok and Parabel regions.

The back-scattered electron images and spectra of inclusions found in the sample coincide with
such minerals as: pyrite (?), hematite (?), almandine (?), ilmenite (?), chamosite (?), pseudorutile (?),
rutile (?), zircon (?), monocyte (?), baryte (?). Moreover, the sample analysis revealed Cu-Zn-
containing particle, this is Cu-Zn association, the ratio 2:1 corresponding to brass.

4. Conclusion

Determination of mineral composition using scanning electron microscope and X-ray structural
analysis has shown the presence of minerals, in composition of which there are the following
elements: As, Pb, Ba, Fe, Ti, Zr, Mn. It was supported by atomic emission analysis of drilling cutting
samples.

The results of scanning electron microscopy confirm the data of previous X-ray structural analysis
— the studied samples consist of alumosilicate matrix. In addition to silicon and aluminium oxides, the
matrix includes such elements as Na, K, Mg. This composition corresponds to rock-forming minerals -
quartz, albite, microcline, clinochlore, muscovite, and anorthoclase [6].

Studying drilling cutting samples by scanning electron microscope the accessory minerals were
revealed. The presence of titanium oxides, detrital zircon with well-preserved crystal forms was
determined. Besides the mineral that accumulates rare-earth elements was found, presumably
monocyte (Ce, La, Nd, Th) PO,.

Mineral iron phases were found everywhere. Iron was observed in association with sulfur forming
iron sulphide — presumably, pyrite. The inferred mineral occurs as well-formed crystals. There are
different mineral aggregates: cubic, octahedral crystal of pyrite, globular pyrite, framboidal pyrite but
with ¢ pronounced cubic syngony.

In addition to iron sulphide there are iron oxides, presumably, hematite. The minerals of the studied
drilling cutting samples are composed of barium formations with sulfur suggesting that it is barite.

Studying the drilling cuttings from Pervomayskoye oil field the mineral phases of lead were found.
Besides, U — containing particle, presumably, coffinite — uranium silicate was identified.

In DC sample from Yuzhno-Cheremshanskoye oil field the particles were found, spectrum and
external parameters of which correspond to yttrium phosphate — xenotime. The given mineral occurs
in association with monocyte and zircon which is supported by found mineral phases.

Drilling cuttings from Luginetskoye oil field are distinguished by presence of mineral phases of
zinc: Zn is found in reaction with Cu, in ratio 2:1. In view of this, one can suggest that it is brass.

Hence, high concentrations of some elements revealed by atomic emission analysis find their
confirmation in study of DC samples from Tomsk Oblast oil fields under electron microscope. A
number of chemical elements - Fe, S, Ba, Ti, Zr, U and rare earth elements form their own mineral
forms.

As a result of conducted study the data on mineralogical and chemical composition of drilling
cutting samples were obtained from Tomsk Oblast oil fields, as well as the results of previous research
using atomic emission spectrometry and X-ray structural analysis were confirmed [6, 7].
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It should be noted that scanning electron microscopy in combination with X-ray structural analysis
and X-ray diffraction analysis is complementary.
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